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A Helpful Way
lo REIffi tltc EMIT1MNT HAZARD

SIMPLE TESTS LIKE ABOVE PREVENT 
RESULTS LIKE THESE BELOW

Left: Section o f  boiler
plate showing cracks be
tween rivet holes due to 
embrittlement.

R ight bottom: Crac\ed rlo- 
et from  embrittled boiler.

Le ft bottom: Blow off 
flange showing cracks and  
failures caused by em
brittlement.

And Why not Take the Same Precau
tions to Eliminate Boiler Plate Em
brittlem ent When it Can Be Pre
vented by Daily use of the Burgess- 
Parr Turbidimeter combined 
w it h  S c i e n t i f i c  Advice?

Em brittlem ent of boiler plate is recognized 
as one of Industry’s gravest dangers,— a 
hazard increasing in danger with the de
velopment of higher steam pressures. 
Scientific evidence demonstrates th a t em
brittlem ent can be eliminated by main
taining a definite ratio of sulphates to total 
alkalinity in the boiler water. To provide 
an easy and rapid method of sulphate de
terminations, the Burgess-Parr Turbidi
meter is offered to the power plant. Its  
daily use, combined with the services of 
feedwater specialists, will go a long way to
ward preventing embrittlement.

The Burgess-Parr Turbidimeter, a recent 
development based upon the Parr Sulfur 
Photometer, provides a rapid method for 
determining soluble sulfates by the turbidi- 
metric method. N ot only for boiler water 
control, but to assist in fuel analysis for 
sulfur content, the Burgess-Parr Turbidi
meter is a valuable instrument for power 
plant engineers.

For sale by Laboratory supply dealers. 
Price, $40.00. For further information, 
write us.

B u r g e s s -Pa r r  Cû m p a n y
DIVISION ÛF C.F. BU RG ESS LABÛRATARIES INC.

Ill WEST MANR&E STREET 
CHICAGO. ILL!NAIS
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1817 1810

1810—Analytical Balance. This balance was primarily designed for the educational 
laboratory in quantitative analysis where it has met with entire approval. I t  is 
equally applicable to routine weighings in the industrial laboratory because of its 
rugged construction. Bearings and knife edges are of first quality agate. Capacity 
100 grams, sensitivity 1/20 mg. The beam is 6 1/2" long, sawed from a special 
hard rolled aluminum alloy with graduations in white on black with 50 divisions 
on each side of center, each division equivalent to 1/10 mg. Rider carrier of new 
improved type. Release mechanism of fall-away type with three-point suspension 
for beam. When Balance is a t rest, all knife edges are free from the bearings. 
Independent pan arrest, self- locking type. Pans of aluminum, 2 5/8" diameter. 
Bows nickel silver 4 1/8" wide by 8" high. Case of polished mahogany with slate 
sub-base. Balance measures 16 1/4" long, 9 1/4" wide, 15" high.................  $75.00

1817—Analytical Balance, Industrial Model. This Balance has been carefully 
planned to meet all the requirements of the careful analyst. I t  is of simple design, 
ruggedly constructed, of guaranteed accuracy and sensitivity. Capacity 200 
grams, sensitivity 1/20 mg. Knife edges of selected agate throughout. Beam 
of hammered aluminum, 6 1/2" long, with 50 graduations on each side of central 
point. Fall-away type release with all knife edges free from contact when Balance 
is a t rest. Pans of aluminum, 2 5/8" diameter, with bows having 4 1/8" spread; 
pan arrests of self-locking type. Case of French polished mahogany with counter
poised front door and removable rear door, sub-base of black plate glass. Dimen
sions 16 3/8" wide, 18 1/4" high, 9 3/8" deep........................................................$125.00

W i l l Co r p o r a t io n
L A B O R A T O R Y  A P P A R A T U S  A N D  C H E M IC A L S  

C H E M IC A L ,B IO L O G IC A L ,M E T A L L U R G IC A L  AN D  C L IN IC A L  L A B O R A T O R IE S

K o c h e s t e b , E Y

ANALYTICAL B A L A N C E S
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A 19 YR. OLD FURNACE
and still going strong

The Consolidated Gas Co. of New York bought this Hoskins Furnace 
in April, 1912, and are using it today. It is one of eight Hoskins Furnaces 
which they use in coal and coke analysis. Mr. Chas. A. Lunn, Chief 
Chemist, says the Chromel units last about 2 yrs. at 1750° F.; also 
that the performance of this old furnace sold the other seven. I t’s a 
little tough on us, that these furnaces last so long, but it is their long 
life and easy unit renewal that induces chemists to buy them. Buy  
Hoskins Furnaces from your dealer: for a technical description of them  
ask us for Catalog 520.

HOSKINS MANUFACTURING COMPANY
4445 Lawton. Ave., Detroit, M ich.

In Canada: Walker Metal Products, Ltd., Walkersville, Ont.

n a i o r s  a i i q  i v i a n u i < i c i u r c r s  o i 1 ne Alloy inai rnsue Liecitic nt-ai r o s s i D i e
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Pythagoras Combustion Tubes
(Sargent’s)

Made of a New and Highly Efficent Material

j.tH.S.UCS..
3698 3702

SARGENT’S PYTHAGORAS COMBUSTION TUBES have been on the m arket for some 
time and are in use by a large number of well known commercial and control chemists who have 
favored us with very handsome repeat orders for their branch laboratories.

SARGENT’S PYTHAGORAS COMBUSTION TUBES are exceedingly dense at all tempera
tures, and accordingly are air tight a t all temperatures. The melting point is exceedingly high, 
and there is no danger of the tube falling in at temperatures used for combustion work.

An im portant characteristic is tha t metals do not readily adhere to the material of which these 
tubes are made, and consequently the tubes are easily cleaned. I t  is particularly resistive to alu
minum and zinc. The tubes are very free from chemical action, and are in no way absorbers of 
the products of combustion, aiding materially in the accuracy of carbon determinations.

The tubes are not affected by molten metals and remain inert. They resist to a very high de
gree the action of basic salts and acids. They have a high heat conductivity and as a result there 
is very little lag between the temperature inside the tubes and outside. They withstand inter
m ittent heating and cooling very successfully. Their physical strength is excellent and stoppers 
may be readily forced into the tubes without breaking a t the ends.

These tubes can be made with relatively thin walls, and, therefore, tubes with one inch inside 
diameter, which are now so frequently called for, can be readily supplied to fit electric combustion 
furnaces as now supplied.

The price of these tubes is considerably less than the price of the best tubes now in use with 
the exception of porcelain, which has been discarded as combustion tube material. SARGENT’S 
PYTHAGORAS COMBUSTION TUBES sell for about one-half the price of fused silica tubes 
and cost considerably less than tubes of other refractory material.

The tubes are made with both ends open or may be supplied in 29 inch lengths with one end 
reduced, as shown in the tabulation below:

Catalog No. 
3698

3700

3702

Bore
Vs"

1"
Vs" 

l"

Length
24"
24"
30"
30"

Price
?4.25
4.50
4.75
5.00

One end reduced for rubber tubing connection, total 
length 29", bore 1"........  Price $5.75

We shall be pleased to correspond with our customers regarding these tubes and answer to 
the best of our ability any questions which may be asked.

E. H. SARGENT & CO.
(4076)V

15 5 -1 6 5  E a s t  S u p e r io r  S t r e e t  - - ♦ CHICAGO, ILL. 
L A B O R A T O R Y  S UP P L I E S
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Bureau o f  Standards, as described in their 
booklet Com m ercial Standards C S 2 1 - 3 0 .

|  T h e  approved stamp indicating standard
taper will be m arked on all of our joints 

  in the future.
Below are som e additional apparatus we now stock since printing our catalog 20E,

We are prepared to make interchangeable ground glass joints from Quartz, according to blue print or sketch.

SCIENTIFIC GLASS APPARATUS COMPANY
Bloomfield, New Jersey

Phone: Bloomfield 2-2491

BEWARE
of Interchangeable G round  Jo ints 
w h ich  are no t in A ccordance w ith  
Bureau of Standards Specifications
Our joints are made from tools which have been 

checked with standard gauges approved by
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Estim ation of Diastatic Enzym e Preparations1
Taka-Diastase, Malt Diastase, and Pancreatic Diastase

Taichi Harada

D e p a r t m e n t  o f  B i o c h e m i s t r y , N e w  Y o r k  P o s t - G r a d o a t e  M e d i c a l  S c h o o l  a n d  H o s p i t a l , N e w  Y o r k , N .  Y .

THE present method is 
a m odification  of 
Lintner’s procedure 

(S), being based in principle 
upon the production of a defi
nite quantity of reducing 
sugar by the action of a 
d iastase  upon a definite 
amount of Lintner’s starch 
solution under definite con
ditions. Ling (2) has sug
gested a convenient modification of Lintner’s method, but his 
calculation equation does not represent the true value since 
the quantity of enzyme used and the amount of sugar pro
duced are not exactly proportional. Recently Oshima (4) 
proposed a table setting forth the relationship between 
Lintner’s value (L. V.) and the amount of starch solution 
digested by the enzyme which is required to just reduce 
5 cc. of Fehling’s solution. Lintner’s value was obtained 
experimentally in a series according to the original Lintner 
method with different strengths of diastatic solutions. In 
practice the calculation values from Oshima’s table do not 
agree with the right Lintner’s value when examined with a 
different percentage of each enzyme solution of malt and 
taka-diastase since his starch solution was not buffered 
(except with a dilute sodium hydroxide solution). The pH 
value of his starch solution might vary with different per
centages of enzyme solution. The isoelectric point of 
taka-diastase has been found to be at pH 7.0.

I t  is very necessary to know from time to time the compara
tive strength of taka-diastase (Aspergillus oryzae diastase), 
malt diastase, and pancreatic diastase for the food and tex
tile world as 'well as for pharmaceutical purposes in the 
industrial laboratory. I t is also essential to establish a new 
standard unit for these enzymes under definite conditions. 
Therefore, the author presents the following method, tables, 
and unit devised for these three enzyme preparations to the 
end that more convenient and accurate results may be ob
tained.

Two other typical methods, those of Wohlgemuth (7) 
and of Sherman, Kendall, and Clark (5), are mentioned 
in the literature, but these are not convenient for industrial 
laboratory purposes for many reasons. Space does not permit 
a discussion of them here.

1 Received June 3, 1930.

A method is described for'the'estimation of diastatic 
power of taka-diastase, m alt diastase, and pancreatic 
diastase. A table for each shows Lintner’s value 
against observed starch titrations. The starch so lu 
tions are buffered with acid potassium  phthalate and 
sodium hydroxide solution to give more accurate re
sults than have been previously described. A new 
standard unit is offered and calculated in terms of 
Lintner’s value. The starch titration is tabulated to 
show the corresponding glucose content.

Acid Potassium  Phthalate 
and Sodium Hydroxide 
Buffer Starch Solution

Twenty grams of dry solu
ble s ta rch  (6) were sus
pended in a little cold water 
in a liter beaker, then about 
500 cc. of boiling water were 
added, and the whole boiled 
for 2 minutes. After cooling, 
250 cc. of acid po tassium  

phthalate and 0.2 M  sodium hydroxide solution—150 cc. for 
taka-diastase, 162.5 cc. for malt, and 227 cc. for pancreatic— 
were added, followed by sufficient distilled water to make 1 
liter. One hundred cubic centimeters of this should not com
pletely reduce 5 cc. of Fehling’s solution. This solution should 
be pH 5.2, as tested with chlorophenol red and methyl red. 
For the enzyme of Aspergillus oryzae (taka-diastase) this is 
the optimum hydrogen-ion concentration under the conditions 
of this method, but for malt diastase and pancreatic diastase, 
it should be set at pH 5.3 and 6.0, respectively (1).

Enzyme Solution

Exactly 0.05 to 0.5 gram, according to its strength, of finely 
powdered diastase is weighed out. This is first suspended in 
3 to 5 cc. of distilled water in a small glass mortar, then com
pletely dissolved by further addition of water and intro
duced into a 500-cc. flask by washing with distilled water 
until the 500-cc. mark is reached (0.01 to 0.1 per cent solu
tions).

Procedure and Unit

One hundred cubic centimeters of the 2 per cent Lintner’s 
starch solution were introduced into a 150-cc. Erlenmeyer 
flask by means of a 100-cc. pipet. I t  was kept in an Ostwald 
thermostatic bath at 37° C. (=*= 0.05°) until the starch solu
tion reached that temperature (about 30 minutes) after 
■which 10 cc. of the enzyme solution were added and digestion 
carried on for exactly 30 minutes at 37° C. At the end of 
this time, 10 cc. of 0.25 M  sodium hydroxide solution were 
added with shaking to stop further reaction. I t was removed 
from the bath and cooled to room temperature. The total 
starch solution, therefore, should be 120 cc. Fehling’s 
solution is standardized by treating 5 cc. of it with 0.5 per cent
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pure glucose solution drop by drop, while boiling, until the Feh- 
ling’s solution becomes colorless. Five cubic centimeters 
of the glucose should be required. Some of the digested 
starch solution is transferred to a buret and gradually run 
into 5 cc. of the tested Fehling’s solution in a test tube. 
The tube, held in a wire basket, is immersed in boiling water 
from time to time for about 10 minutes, and then the color 
is examined. This is continued until the solution just loses 
its blue color. Thus an approximate volume of the starch 
solution is ascertained, then the exact volume by repeating 
the process. When the experiment is carried out with 10 cc. 
of 1 per cent enzyme solution and it takes just 10 cc. of the 
starch solution to reduce the standardized Fehling’s solution, 
this is taken as a new standard unit. When 0.12 gram of 
Lintner’s enzyme preparation digested 10 cc. of 2 per cent 
starch solution so that just enough sugar was produced to 
reduce exactly 5 cc. of Fehling’s solution under definite con
ditions, he designated this as 100 units. I t  has been cus
tomary to refer to this as Lintner’s value (L. V.). The pro
cedure described by the author is equivalent to 120 L. V. 
I t  is highly desirable, from a commercial standpoint, to retain 
the L. V. terminology. The author offers a more satisfactory 
method for arriving at these values.

Calculations
The enzyme solutions were prepared as follows: A sample of 

taka-diastase, weighing 0.118 gram and free from sugar,

was dissolved in 500 cc. of distilled water. This serves as a 
stock solution of 0.236 per cent strength. Portions of this 
were further diluted with increasing amounts of distilled 
water to make solutions of various percentages. Each 
solution was treated as described above. The data are given 
in Table I.

T a b le  I— L i n tn e r ’s V a lu es  a g a in s t  S ta r c h  T i t r a t io n
S t a r c h  S o l n . C alcd .
R e q u ir e d  fo r V a l u e  fo r

N o. S tock A dd ed St r e n g t h  op 5 cc . F b h l in o ’s 1%  E n 
SOLN. S o l n . W atbr S ta r c h  S o l n . S o l n . zy m e  S o l n .

Cc. Cc. % Cc. L . V .
1 100 0 0 .2 3 6 3 .6 0 600
2 50 50 0 .1 1 8 5 .2 5 300
3 30 70 0 .0 7 0 8 7 .4 0 180
4 25 75 0 .0 5 9 S . 50 150
5 20 80 0 .0 4 7 2 1 0 .0 0 120
6 10 90 0 .0 2 3 6 15 .7 5 60
7 10 190 0 .0 1 1 8 2 5 .0 0 30
8 10 490 0 .0 0 4 7 2 4 0 .0 0 12
9 5 495 0 .00236 6 7 .5 0 6

By definition, if 10 cc. of digested starch solution reduce 
5 cc. of Fehling’s solution, its Lintner’s value is 120 provided 
its strength is 1 per cent. However, as shown in Table I, 
solution No. 5 of the enzyme solution is only of 0.0472 per 
cent strength. Therefore, for 1 per cent of the diastase 
solution, the true diastatic power of the sample diastase is

L. V. :true L. V. =  per cent of solution :1 per cent 
120 :X  =  0.0472:1 

X  = 2542
T a b le  II— L in tn e r ’s  V a lu es  o f D ia s ta t ic  E n z y m e  P r e p a r a t io n s  a g a in s t  th e  S ta r c h  T i t r a t io n

C o r r e sp o n d in g C o r r e s p o n d in g
Starch T a k a - M alt P a n c r ea tic Am o u n t  op S ta r c h T a k a - M a lt P a n c r e a t ic  A m o u n t  o p

T it r a t io n D ia s ta se D ia s t a se D ia s t a se G l u c o se T it r a t io n D ia s ta se D ia s t a se D ia s t a s e G l u c o se

Cc. L . V. L . V. L. V. % Cc. L . V. L . V. L . V. %
4.30 343« 257« 19.25 51« 56 .5
5 .00 332« 280 224 0.5000« 19.50 45 50 56 0.1380
5.25 300« 260 213« 0.4750 19.75 55 *
5.30 257.3« 20.00 43 .5 49 54 0.1350
5.50 271« 240 208 0.4500« 20 .25 53
5.75 254 226 198 0.4330 20 .50 47 52 0.1330
6.00 240 213« 193 0.4160 20 .75 51
6 .25 225« 205 1S7 0.4000« 21 .00 40 46 50.5 0 .1310
6 .50 214 197 180« 0.3880 21.25
6 .75 203 190 174 0.3760 21 .50 44 49« 0.1280
7 .00 192 181 169 0.3625 21.75
7 .25 182 176 165 22.00 37 .5 47 .5 0 .1260
7 .35 0.3500° 22 .25 0.1250«
7.40 180« 22.50 36« 42
7.45 171.5° 23 .00 34 .5 44 .5 0 .1225
7.50 176 168 154 0.3380 23 .50 40 0.1210
7.75 169 162 150 0.3280 24.00 32 38 42 0.1190
8 .00 162 158 147 0.3185 24 .50 40 0.1170
8 .2 5  ‘ 155 153 143 0.3075 25.00 30« 36« 39 .5 0 .1160
8 .5 0 150« 146 140 0.3000« 25 .50 28.6«
8 .75 143 142 136 0.2925 26 .00 28 34 37 0.1140
9.00 138« 137 132 0.2835 26.50 36«
9.25 133 133 129 0.2750 • 27 .00 26 32 34 .5 0 .1120
9 .5 0 129 129 126 0.26S0 27.50
9 .75 124 124 123 0.2615 28 .00 25 30 32 .5 0 .1090

10.00 120« 120« 120« 0.2550 28 .50
10.20 0.2500« 29 .00 23 30 .5 0 .1070
10.25 114 114 117 0.2480 29 .50 28
10.50 111 111 114 0.2430 30 .00 22« 27 28 .5 0 .1030
10.75 108 109 111 0.2370 30 .50
11.00 104 106 108 0.2320 31.00 21 26 27 0.1010
11.25 100 103 104 0.2275 31.50 25 0.1000«
11.50 97« 100 101 0.2230 32 .00 19.7 0.0980
11.75 94 98 99 0.2180 32.50 24«
12.00 90« 96 96 0.2150 33.00 23 23 0 .0970
12.25 88 93 94 0.2115 33.50 18
12.50 85 90 92 0.2070 34.00 22 22 0 .0960
12.75 82 88 90 0.2030 34.50 17
13.00 80 86« 88 0.2000« 35.00 0.0935
13.25 79 84 86 0.1975 36.00 16 20 20
13.50 77« S2 85 0.1925 36.50 15« 0.0900«
13.75 75 80 84« 0.18S0 37.00 14.5 0 .0870
14.00 73 78 81 0.1850 38.00 18 17 0.0850
14.25 70 76 SO 0 .1 S25 39.00 17.2 0 .0835
14.50 . 69« 74 78 0.1775 40.00 12 15 0.0820
14.75 67 73 77 0.1760 41.00 11 16 0 .0780
15.00 65 71 75 0.1735 42.00 13 0.0750«
15.25 63 69 74 0.1710 43 .00 10« 14 0.0735
15.50 62 68 73 0.1680 43 .50 12«
15.75 60« 72 0.1670 44 .00 0.0725
16.00 59 65 71 0.1625 45.00 9 10.5 0.0715
16.25 57 .5 70 0.1615 46 .00 12 0.0700
16.50 57 62« 68 0.1590 47 .00 0.0685
16.75 67 0.1570 48 .00 8 8 0.0670
17.00 54 60 66 0.1550 49 .00 0.0660
17.25 65 0.1525 50.00 7 .5 « 10« 7 0.0645
17.50 52 58 64 0.1520 51.00 0.0630
17.75 62 0.1500° 52.00 7 4 .8 « 0.0620
18.00 50 56 61 0.1480 53.00 0.0600
18.25 59 0.1470 54.00 0.0590
18.50 48® 54 60® 0.1450 55.00 6 .8 8 .6 0.0580
I S .75 53 58 65.00 0.0500«
19,00 46 52 57 0.1415 ® E xperim ental da ta .
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In order to obtain the Lintner’s value for 1 per cent enzyme 
solution for any given solutions, multiply 2542 by per cent of 
solution.

Table II represents complete data for the three diastases— 
namely, taka-diastase (A), malt diastase (B), and pancreatic

The relations between starch titration and calculated 
Lintner’s values to 1 per cent enzyme solution of these three 
enzymes are also given in the figure. In testing taka-dia
stase, the data of Table I may also be used at 50° C. where 
digestion is carried on under the same conditions except 

that the starch solution is buffered at pH 5.4 
and is made by using 250 cc. of 0.2 M acid potas
sium phthalate and 177 cc. of 0.2 M  sodium 
hydroxide solution. The calculation is not al
tered.

In routine practice it is possible to be more 
economical and use more dilute buffer solutions— 
that is, one-fifth of the amount of each buffer 
solution for the starch solution. Ten cubic cen
timeters of 0.2 M  sodium hydroxide solution in
stead of 0.25 M  sodium hydroxide are sufficient to 
stop further reaction.

The last column in Table II  gives the percent
age of pure glucose which corresponds to the ob
served starch titration.

L itera tu re  C ited

S ta rc h  T i t r a t io n  a g a in s t  C a lc u la te d  V alues in  T e rm s  of L . V, to  P e r  C e n t 
E n z y m e  S o lu t io n

diastase (C)—where the observed titration values were ob
tained by the above described method. The references (a) 
represent experimental data obtained by repeating with 
various per cent enzyme solutions. Unmarked numbers 
are interpolated data obtained from the curve.

(1) C lark, "T h e  D eterm ination of H ydrogen Ions,”  Williams 
and  Wilkins, 1925.

(2) Euler, “ General Chem istry of th e  Enzym es,” p. 290, W iley,
1912.

(3) L intner, J . prakt. Chem., 34, 386 (1886).
(4) Oshima, J .  I n d .  E n o .  C h e m . ,  12, 991 (1920).
(5) Sherm an, K endall, and C lark, J . A m . Chem. Soc., 32, 1082 (1910).
(6) W aksm an and D avison, “ Enzym es,’* p. 154, W illiams and  W ilkins,

1926.
(7) W ohlgem uth, Biochem. Z ., 9, 1 (1908).

Q uantitative D eterm ination of Potassium  by 
Sodium Cobaltinitrite M ethod1

Pierre J. Van Rysselberge 

S t a n f o r d  U n i v e r s i t y ,  C a l i f .

THE precipitation of potassium by the sodium cobalti
nitrite reagent, studied by de Koninck (5), Gilbert (4), 
Adie and Wood (1), Cunningham and Perkin (8), 

Vürtheim (7 ), and others, has recently been thoroughly 
investigated by Bonneau (2). The difficulties of the method 
are reviewed in some of the bulletins of the U. S. Department 
of Agriculture (8).

Bonneau’s work confirms the results obtained by Adie 
and Wood, who showed that the formula of the potassium- 
sodium cobaltinitrite is K2NaCo(N02)j.nH20. According to 
Bonneau, a constant composition of the precipitate (dis
regarding the amount of water of hydration) is obtained 
only if the ratio of the concentration of sodium to that of 
potassium is larger than 25. Below that ratio the molecule 
of potassium-sodium cobaltinitrite contains more potassium 
and less sodium than indicated by the formula given above, 
the composition tending towards the limiting formula K3- 
NaCo(N02)6.nH20. The higher the temperature at which 
precipitation takes place, the higher the amount of potassium 
in the molecule. The formula found by Vürtheim is Kj.5- 
Na,.5Co(N02)«.nH20, a result that the work of Bonneau con
tradicts. Gilbert gives the same formula as Vürtheim. 
The results of Adie and Wood and those of Bonneau show 
that the number of water molecules attached to each mole
cule of K2NaCo(N02)e is usually one. According to Adie

1 Received Ju ly  30, 1930.

and Wood, drying the precipitate below 130° C. has a negli
gible influence on the final composition.

After a long series of determinations of potassium in 
mixed solutions of potassium and sodium chlorides, the 
writer was able to draw a few interesting conclusions in 
regard to the sodium cobaltinitrite method, which are pre
sented here as a complement to the work of Bonneau. The 
reagent w'as the same as that used by Adie and Wood (1). 
Bonneau {2) used cobalt nitrate instead of cobalt acetate.

The writer usually had to determine small changes of 
concentration of potassium resulting from electrolytic mi
gration (6). Those changes were determined by comparing 
the unknown samples with samples of the original solution 
for which the amount of potassium was known.

I t was necessary to use samples having equal volumes 
and to add to all of them the same amount of reagent. If, 
moreover, the time during which the precipitates were 
allowed to settle was exactly the same for all the samples 
to be compared, satisfactory results could be obtained. The 
influence of the time of settling seems to have been over
looked by all the authors who investigated this method, 
with the exception, perhaps, of Vurtheim. He allowed the 
precipitates to settle for 18 hours, a time after which no in
crease of weight of the precipitates could be detected. Adie 
and Wood let the precipitates settle overnight. Bonneau 
speaks of “a few hours.”
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With mixtures of potassium and sodium chlorides of a 
total concentration varying from 0.5 to 5 gram-equivalents 
per liter, the ratio of the concentration of sodium chloride 
to that of potassium chloride varying from 9 to 49, the writer 
obtained ratios of the weight of potassium-sodium'cobalti- 
nitrite to the weight of potassium varying from 5.56 to 6.43. 
The time of settling was at least 4 hours, and in some cases 
reached 66 hours; in a few exceptional cases ratios in the 
vicinity of 8 were obtained. The ratio given by Adie and 
Wood, and Bonneau, corresponding to the formula K r  
NaCo(N02)6.H20, is 5.81 (1:0.172), a ratio which the writer 
frequently obtained for a time of settling of about 24 hours. 
The ratio 5.58 corresponds to the formula K2NaCo(NOe); 
the ratio 6.28 to the formula K2NaCo(N02)8.3H20.

In general, the weight of the precipitate increases with the 
time of settling and seems to tend towards a certain limit; 
the value of that limit and the time after which it is reached 
are exceedingly variable and seem to depend on the volumes 
of the samples, their concentration, the way in which the 
reagent is added, the excess of reagent used, etc. Another 
point noticed is that, even in the case of low NaCl:KCl 
ratios, high values of the ratio complex nitrite :K can be ob
tained. Those high ratios are evidently due to gradual 
hydration. Samples containing approximately the same 
amounts of potassium, when treated in strictly identical 
conditions, usually give identical ratios complex nitrite :K; 
sometimes, however, differences occur. They correspond 
as a rule to a variation of 1.3 per cent, which the writer 
empirically ascribes to a difference of one-third of molecule 
of water in the composition. Indeed, most of the results 
could be explained by assuming the formula [K2NaCo- 
(N0j)6]j.nH20.

Suggested Method for Determination of Potassium

(1) The reagent is prepared according to the directions of 
Adie and Wood (1). Two solutions having, respectively, 
the compositions 220 grams of sodium nitrite in 440 cc. 
of water, 113 grams of cobalt acetate in 300 cc. of water 
and 100 cc. of glacial acetic acid, are mixed, thoroughly 
stirred, and filtered just before use.

(2) Several samples, known and unknown, are treated 
together in exactly the same conditions: the volumes must 
be the same (independently of the actual amount of potassium 
they contain, provided the order of magnitude be constant). 
The same amount of reagent is added to all of them, prefer
ably with a pipet, stirring all the time; this amount should 
constitute an excess such that, after settling of the precipi
tate, the supernatant liquid has a dark brown color.

To analyze a solution which contains about 0.1 gram- 
equivalent of potassium chloride per liter, a 10-cc. sample 
should be diluted to about 30 cc. and from 20 to 30 cc. of the 
cobaltinitrite reagent should be used.

The ratios Na:K of the solutions to be analyzed should 
be of the same order of magnitude for all the samples. The 
actual value of that ratio is not of primary importance. 
In order to obtain a constant composition of the complex 
nitrite, for all concentrations of potassium, one should, 
after Bonneau (#), use a ratio Na:K larger than 25.

(3) The precipitates are allowed to settle for 24 hours. 
They must all be filtered at the same time, on weighed filters, 
washed with equal amounts of water acidified with acetic 
acid, then washed again with alcohol.

(4) The filters are dried, all of them for the same length of 
time, at about 120° C., then weighed.

(5) The ratio complex nitrite:K is deduced from the analy
sis of the known samples.

Very satisfactory results are obtained in this way. The 
accuracy of the method is 1.3 per cent, although in most 
cases the variations do not exceed a few tenths of one per 
cent.

Literature Cited

(1) Adie and  Wood, J . Chem. Soc., 77, 1076 (1900).
(2) Bonneau, Bull. soc. chim., 46, 798 (1929).
(3) Cunningham  and Perkin, J . Chem. Soc., 95, 1562 (1909).
(4) G ilbert, Z . anal. Chem., 38, 184 (1899).
(5) K oninck, de, Ibid., 20, 390 (1881).
(6) M cB ain and  Van Rysselberge, J .  A m . Chem. Soc., 52, 2336 (1930).
(7) V iirtheim , Rec. irav. chim., 40, 593 (1921).
(8) See particu larly : U . S. D ept. Agr., Bur. Chem. Bull. 137, 152.

M icro-A bsorption T ube w ith  M ercury  Seals1
Ralph T. K. Cornwell

N a t i o n a l  I n s t i t u t e  o p  H e a l t h  ( H y g i e n i c  L a b o r a t o r y ) ,  U. S .  P u b l i c  H e a l t h  S e r v i c e ,  W a s h i n g t o n ,  D. C.

THE first absorption tube for organic microcombustions 
in the determination of carbon and hydrogen, which 
could be sealed, was designed by Blumer. The Blumer 

tube is described and discussed by Pregl (2). Later a micro
absorption tube was made so that the capillary ends could be 
sealed by drops of mercury (I). An objection to the Kem- 
merer-Hallett micro-absorption tube is the fragile nature of 
the ends of the tube. This objection is overcome in the new 
micro-absorption tube reported here (Figures 1 and 2).

Two2 hollow glass stoppers were ground to fit the ends of a 
piece of Pyrex tubing about 14 cm. long and 1 cm. in diameter. 
The mercury trap and seal were then placed on the inside of 
the stopper as shown in the diagram. In this way the original

* Received A ugust 21, 1930. Publication authorized by  the  Surgeon 
G eneral of the  U. S. Public H ealth  Service.

* T he  w riter wishes to  th an k  A rthu r Shroder, d irector of Technical 
Service, F isher Scientific Co., P ittsbu rgh , P a ., who had an  experim ental 
tube  made for him . T he  apparatu s  can now be purchased from  th is com
pany.

straight design of the Pregl micro-absorption tube was re
tained.

To fill the tube, one of the glass stoppers is attached in 
the usual manner with Kronig’s cement (S), A small layer 
of cotton (about 5 mm.) is then pressed against the stopper 
and the absorbing material added. This is followed by an
other layer of cotton and the second glass stopper is sealed 
to the apparatus in such a manner that the mercury traps in 
both stoppers occupy the same relative positions. If the 
Kronig cement is used correctly the ground-glass ends will 
be transparent. A small drop of clean mercury is then intro
duced into one end of the tube. This is drawn into the mer
cury trap by slight suction applied from the Mariotte flask. 
In the same manner a drop of mercury is placed in the other 
end. The mercury falls into the two traps, shown in Figure 1, 
allowing free passage of the gases during the combustion. 
When the tube is rotated 180 degrees, the mercury falls into 
the small tubing as shown in Figure 2, and thus protects the
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contents of the tube from the air. Just enough mercury is 
used to seal the tubes.

The tube for the absorption of water was filled with Anhy- 
drone. Ascarite, followed by 3 to 4 cm. of Anhydrone, was

used to absorb the carbon dioxide. Both tubes were kept 
cool during the combustion by wrapping them in wet flannel. 
No disadvantage resulted from having one of the sealed glass 
stoppers next (4) to the electric furnace.

Following Pregl's directions exactly, but using the new 
micro-absorption tube, very satisfactory carbon and hydrogen 
determinations have been made in this laboratory for a period

of 6 weeks. Practically theoretical figures can be obtained. 
One illustration might be of interest: 4.570 mg. (pyrogallol);
1.95 mg. H20, 9.583 mg. C02. Calcd.: H, 4.79 (8), C, 57.12. 
Found: H, 4.79(2); C, 57.19.

The advantages of the micro-absorption tube 
here described over those already recorded are:

(1) Since both ends can be removed, the clean
ing of the tube is greatly facilitated.

(2) While standing on the rack and during the 
weighing, the tube is sealed—yet, because of the 
shape it can be wiped before each weighing and 
handled in the manner so carefully worked out 
by Professor Pregl.

(3) The tube can be weighed when filled with 
oxygen or air.

Literature Cited
(1) K em m erer and  H alle tt, I n d . E n o . C h e m .,  19, 173 (1927).
(2) Pregl, "Q u an tita tiv e  Organic M icroanalysis," transla ted  by  Fylem an,

p. 42, B lakiston, 1924.
(3) Ibid., p. 63.
(4) Ib id ., p . 37.

3Ü H -*
F ig u re  1— P o s it io n  o f T u b e  d u r in g  C o m b u s t io n

F ig u re  2—T u b e  R o ta te d  180° a n d  S ea led
W r

H ydrogen-ion  D eterm inations w ith  Low -Resistance 
Glass E lectrodes1

G. Ross Robertson

U n i v e r s i t y  o p  C a l i f o r n i a  a t  L o s  A n g e l e s , C a l i f .

THE estimation of hy
drogen ion by stand
ard methods becomes 

difficult or impossible when 
the solution under examina
tion contains certain active 
oxidizing or reducing agents.
In such situations the glass 
electrode invites considera
tion. Although this device 
has been known for over 
twenty years (#), it has been generally overlooked in Ameri
can laboratories. Thanks largely to the recent work of 
Maclnnes and Dole (4, 6), and Elder and Wright (1), it is 
now attracting considerable attention.

A serious drawback of the glass electrode has been its very 
large electrical resistance. Values of 20 to 100 megohms are 
commonly reported in the literature. When such a device is 
placed in the ordinary potentiometer circuit in place of the 
common hydrogen or quinhydrone electrode, the current 
becomes too small for detection on a common galvanometer 
at adjustments near the null point.

A quadrant electrometer, or vacuum-tube potentiometer (1), 
is accordingly used instead of the galvanometer. More or 
less electrostatic shielding and special insulation are necessi
tated in such apparatus. In any case the exacting technic 
required in the use of these physical instruments is discourag
ing to an ordinary chemist who is seeking only an approxi
mate estimation of pH value.

In the present work the resistance of the electrodes was 
cut to values from 2 to 3 megohms, the bulbs being blown 
thin. I t  was then found that Leeds and Northrup type R 
galvanometer, model No. 2500-f, an instrument of moderate 
cost, became useful. This galvanometer, while not of pre
cision grade, has a sensitivity of 0.0001 microampere. It

1 Received M ay  23, 1930.

may accordingly be connected 
and used in a glass electrode 
apparatus in the same maimer 
which one would employ with 
a quinhydrone electrode. 
Furthermore, since the resist
ance of the glass electrode is 
so low, static charges do not 
accumulate and disturb the 
galvanometer as they do an 
electrometer which by its very 

nature has no current “leak.”
The sharpness of estimation of the null point is of course 

not so great as in a common potentiometer circuit in a hydro- 
gen-ion determination. I t  is, however, sufficient to serve or
dinary purposes, as seen in the following illustration:

Assume 3 megohms resistance, and the normal galvanometer 
deflection of 1 mm. for 10-10 amperes current. Suppose the 
potentiometer adjustment has come within just one millivolt 
of the null point. The current which is to actuate the galvanome
ter upon depression of the contact key is, therefore, by Ohm’s 
law

0-001
3~X~10* = amperes

Such a current deflects the No. 2500-f galvanometer marker 
3 mm., and thus one may locate the null point to the accuracy 
of one millivolt with ease. This indicates a maximum error of 
=*=0.02 pH in this part of the operation. On account of the 
relatively long period of the galvanometer any greater pre
cision in estimation requires more time than one would care 
to take in rapid commercial work.

Preparation of Electrode

Corning No. 015 glass, as suggested by Maclnnes and Dole 
(5), proved to be suitable for the purpose. I t  is obtainable 
from the manufacturer. A piece of 10-mm. tubing of this

A description is given of glass electrodes which have 
resistances of but 2 to 3 m egohm s, and are m ade of 
a commercially available glass. Such electrodes permit 
the use of a d’Arsonval galvanometer in hydrogen-ion 
estim ation with fair accuracy. Their use requires little  
more skill than is needed w ith an industrial quinhy
drone apparatus. Electrometers are elim inated, and 
electrostatic shielding becomes of little  importance. 
Directions for construction and use of the apparatus 
are given.
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glass, about 8 cm. long, is drawn to a tapering point in a flame. 
With the aid of a needle-pointed blast flame a small lump of 
molten glass of about 100 to 150 mg. weight is allowed to 
accumulate. Care is taken not to heat the glass to a tempera
ture where gas bubbles are formed.

While the tip is at a bright red heat the tube is quickly re
moved from the flame and held point down. A bulb of 8 to 
10 cc. volume is now blown. Experience alone will show how 
the air pressure may be controlled to prevent a blowout and 
give a very thin bulb of good mechanical strength. The 
writer has success when he restrains the blowing until the 
bulb, half blown, is getting almost too cool, and then by one 
hard blow stretches it to full size. This trick involves the

“setting” of portions of the bulb which are already as thin as 
they should be, and the further spreading of other portions 
which are still hot enough to spread. A large part of the bulb 
thus becomes thin enough to conduct the electric current 
freely in the application to follow. Such technic will some
times give slightly lopsided bulbs, which are nevertheless 
serviceable.

After the electrode is cool, its open end is dipped momen
tarily into melted paraffin as deeply as may be necessary to 
protect the section which is to be held by a clamp on the 
supporting stand.
X'.The following measurements were made of one particularly 
good electrode of 2 megohms resistance:
Volume of bulb section of electrode.................................... 8 .5  cc.
Surface area of thin, o r useful p a rt of bulb, approx  14 sq. cm.
Average thickness of w all.......................................................  0 .0 3  mm.
V ariation in thickness..............................................................  0 .0 1 5 to 0 .0 5 m m .

Arrangement of Apparatus

The'whole cell and stirrer assembly, as shown in the right 
section of the figure, is mounted securely on one large ring- 
stand to insure rigidity and protection of the bulb.

Calomel electrode Ci dips into a test tube filled with dilute 
potassium chloride solution. The slender side stem of this 
test tube is filled with potassium chloride-agar jelly, and dips 
into the reference solution of hydrochloric acid (approx. 1 N) 
in the glass electrode. Calomel electrode C2, presumably 
identical with Ci, dips into the solution under examination, 
placed in the main vessel. A mechanical stirrer is included.

Gi is the type R galvanometer provided with a special 
tapping key used to stop the motion of the coil. This key 
merely serves to short-circuit the galvanometer temporarily. 
Some workers may prefer to include a damping resistance of 
from 2000 to 10,000 ohms in the key circuit, in case a retarda
tion of the coil is desired instead of instant stoppage.

A convex lens is placed directly in front of the galvanometer 
mirror, and the image of a straight-line-filament incandescent 
lamp thus projected on an external scale.

The rest of the apparatus is Leeds and Northrup’s student 
potentiometer outfit with slight changes in wiring to accom
modate a second galvanometer.

M anipulation

Assuming that 1 N  hydrochloric acid is in the bulb, the 
solution of unknown pH value is placed in the main vessel. 
The operator then proceeds to determine the potential just as 
though a hydrogen or quinhydrone electrode were in place 
of the glass-calomel electrode. The damping key is used freely 
to stop impending wide deflections and bring the galvanometer 
to rest promptly.

I t  is not advisable to attempt a calculation of pH value 
simply from the concentration of the hydrochloric acid and the 
known potential—a procedure which is correct in simple 
theory. Unfortunately such calculations are vitiated by glass 
surface potentials. The surface potential is not predictable, 
will change during the day, but will remain fairly constant 
over the few minutes required for a determination. I t  is thus 
advisable to ignore the numerical value of hydrogen-ion 
activity in the bulb. The plan then is to determine the poten
tials with three solutions: the unknown, one buffer solution 
of higher pH value, and one of lower. Direct linear interpola
tion gives a value sufficiently accurate for many industrial 
uses. The following example, taken from a rapid determina
tion without thermostat or special refinement of technic, illus
trates results obtainable in this manner:

A solution of commercial acid potassium phthalate (approx. 
0.2 M), and a standard buffer solution (pH 5) were taken as 
unknowns. The pH value of each was estimated in reference 
to two standard buffers, pH 3 and pH 7. The potentials at 
29° C. were as follows:

Volt
S tandard  buffer p H  3 .............................................  0.097
A d d  potassium  p h th a la te ..................................... 0 .164
Buffer pH  5 ................................................................ 0 .215
S tandard  buffer pH  7 ............................................. 0.331

Interpolation between standard buffers 3 and 7 assigns a 
pH value of 4.1 to the phthalate, and of 5.0 to the intermediate 
buffer. The apparent potential interval per pH unit between 3 
and 5 was 0.059, and between 5 and 7 was 0.058.

Precautions

The three determinations of potential required in the 
estimation of a pH value should be run off in rapid succession. 
In such a case the glass potential will be constant, and can be 
ignored in calculation, as only the concentration potential 
will enter into the numerical values gotten by interpolation.

Furthermore, the electrode should not be subjected to any 
unusual disturbance at or near the time of the potential 
measurements. This advice means constancy in temperature 
as a prime requirement. Apparently sudden changes in 
temperature not only cause the small changes in potential 
called for by electrometric theory, but also may stimulate 
glass potential drift of unknown magnitude. I t  is not ad
visable to permit the electrode to come in contact with a very 
concentrated acid or alkali at a time near that of a regular 
series of three measurements. Undoubtedly the most ac
curate performance of this apparatus will come in a situation 
where pH measurements are made continuously in one fairly 
narrow region; where the electrode does not come into contact 
with a changing variety of electrolytes; and where tempera
tures are constant within a half degree or better.

Polarization

I t  was feared that an attempt to draw enough current from 
a glass electrode to actuate an energy-consuming instrument 
such as a galvanometer would polarize the electrode and throw
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potential readings astray. Experiments have shown, how
ever, that no measurable error is recorded even after the 
contact key has been closed for a full minute, unless the poten
tiometer is set much more than 20 millivolts off the null point. 
Even when the setting was as much as 100 millivolts off the 
null point the potential returned to normal within a few 
seconds of rest. Such abuse should not occur in practice; 
in fact, it would actually send the galvanometer marker en
tirely off the scale, twist the suspension, and require a new 
zero setting. I t is likely that the increase in conductivity 
provided in these electrodes has brought an increase in re
sistance to polarization with a given current flow.
j I t  was noted, however, that in cases where the electrode was
polarized with large currents it did not return to normal 
potential as rapidly as would a quinhydrone electrode. 
Obviously one should avoid long periods of key contact.

Silver-Silver Chloride Electrodes

Some workers may prefer to use the silver chloride electrode 
in place of the calomel electrodes here described. In this 
way one might eliminate the potassium chloride-agar bridge

which, though simple and easy to prepare, is not permanent. 
The silver electrode would be placed directly in the glass 
electrode bulb. Details of the silver electrodes have been 
given by Maclnnes and Beattie (3) and Maclnnes and 
Dole (4).
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M ethods for D eterm ining the Solubilities of 
Some Fluosilicates1

Katherine K. Worthington with Malcolm M. Haring

U n i v e r s i t y  o f  M a r y l a n d , C o l l e g e  P a r k , M d .

THE fluosilicates have recently attracted considerable 
attention due to their use as insecticides and fungicides, 
in waterproofing and hardening concrete, in electro

plating, etc. However, quantitative data in connection with 
these substances are not numerous and usually of questionable 
accuracy. Carter (2) has recently published the solubility 
curves for barium, potassium, and sodium fluosilicates, to
gether with a compilation of all available solubility figures on 
the fluosilicates. Methods of analysis, likewise, are not all 
that might be desired.

This paper presents the solubilities and densities, both at 
20° C., of the fluosilicates of sodium, magnesium, zinc, lead, 
and copper. I t includes also a brief discussion of the analytical 
methods.

Apparatus

The apparatus deemed most suitable for the purpose was 
that of Bahr (1). The air used for stirring was first passed 
through a mercury pressure regulator, by which the rate of 
flow was maintained constant at 4 bubbles per second. I hence 
it passed in succession through three Drechsel gas-washing 
bottles (equipped with petticoat bubblers) containing sodium 
hydroxide solution, water, and the solution being saturated. 
Tests showed that the air current produced no decomposition 
of the fluosilicates above that taking place when the air stream 
was stationary. Saturator and pycnometer were arranged 
exactly as described by Bahr, save that a single three-way 
cock was used in place of two ordinary cocks. A small test 
tube equipped with an air vent was attached to the pycnome
ter so as to catch the overflow produced during filling. The 
whole apparatus was connected by means of ground-glass

I Received A ugust 29, 1930. A bstracted  from  a thesis subm itted  by 
K atherine  K . W orth ington  in p a rtia l fulfilment of the  requirem ents for 
th e  degree of m aster of science in the  G raduate  School of the  U niversity  of 
M ary land .

joints covered with rubber tubing and was completely im
mersed in an automatic thermostat adjusted to =*=0.5° C. 
No leakage through the submerged joints was observed at 
any time. A small filter of packed asbestos fiber was formed 
in a conical tube inserted between saturator and pycnometer. 
The solutions, after passing the filter, were always absolutely 
clear. A Sprengel pycnometer of about 6.8 cc. capacity was 
used. All weights and volumetric apparatus were carefully 
calibrated. Nearly saturated solutions were made in a flask 
before placing in the saturator. At least 2 hours were allowed 
to elapse before the first sample was removed from the satura
tor. Successive samples never showed any trend in analysis.

Analytical M ethods

The fluosilicates have the general formula Met(SiF6). 
The water of crystallization varies from 0 to 6 molecules. 
They are efflorescent and also decompose slowly, especially 
those of the heavy metals.

They are all decomposed rapidly by hot sulfuric acid and by 
hot sodium hydroxide as follows:

MetSiF, +  II2SO, = MetSO, +  SiF, f +  2HF \ (1)
MetSiF, -t- 4NaOH = 4NaF +  2H20  +  Si02 J- +  MetF, (2)

The first reaction is quantitative and the second may or may 
not be, depending on the extent of hydrolysis, etc.

Hydrolysis is very slight in the case of the alkali fluo
silicates, but more marked -with the others—e. g., MgSiF,.

MgSiF, +  2HjO = Mg(OH)2 J, +  2HrSiF, (3)
HjSiFe +  CNaOH = 6NaF +  SiOt J +  4H20  (4)

Since the methods of analysis used are based on Reactions 
1 and 2, it is obvious that hydrolysis will occasion an error in 
the results when Reaction 2 is used. Reaction 2 requires 4 
mols of alkali per mol of fluosilicate whereas Reaction 4 
requires 6 mols. Hence volumetric methods of estimation
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for fluosilicates that hydrolyze must be viewed with sus
picion. The degree of hydrolysis varying with temperature 
and concentration, it is obvious that variable results are 
likely to be observed. This accords exactly with the writers’ 
experience.

When the fluosilicates of amphoteric substances are studied, 
volumetric methods become still more dubious. Consider 
ZnSil’o

ZnSiFj +  4NaOH = ZnF, +  4NaF +  2HsO +  Si02 \ (5)
ZnF2 +  2H20  = Zn(OH), |  +  2HF (6)
HF +  NaOH = NaF +  H20  (7)
Zn(OH), +  2NaOH = Na,ZnOa +  2HaO (8)

The extent to which Reactions 6 and 8 proceed depends on 
temperature, concentration, and H-ion concentration.

For these reasons the first method of analysis was used with 
zinc, lead, and copper fluosilicates. The sample of fluosilicate 
was heated to vigorous fuming with sulfuric acid containing 
a little nitric acid. No trace of silica was observed after this 
treatment. When cool, the trace of iron usually present was 
precipitated with ammonium hydroxide and filtered off, 
thus leaving a pure metal sulfate solution for appropriate 
analysis.

Owing to hydrolysis, free acid figures on the salts are not 
particularly valuable except to show the magnitude.

The method used by the writers, that of Jacobson (4), 
consists in adding ice and an excess of potassium chloride, 
then titrating with sodium hydroxide.

HjSiFs +  2KC1 
HC1 +  NaOH =

= KsSiFj +  2HC1 
NaCl +  HsO

(9)
(10)

Phenolphthalein was used as indicator with sodium and 
magnesium fluosilicate and methyl red with zinc fluosilicate.

Preparation and Analysis of Salts and Data

H y d r o f lu o s iu c ic  A cid—This was a very pure and con
centrated acid obtained as condensate from the gas tunnel 
from the hot dens of a phosphate rock acidulating plant.

Sodium  F lu o s i l i c a t e —This salt was prepared in two 
ways:

(1) Nearly the theoretical amount of the purest sodium 
chloride was added to a solution of fluosilicic acid containing 100 
grams of the acid per liter. Precipitation was immediate. To 
prevent the formation of a gel, the mother liquor was filtered o2 
immediately and the crystals were washed with cold water on 
the filter. They were then dried at room temperature.

(2) The procedure was the same as under (1) save that acid 
sodium carbonate was added slowly.

The crystals made by the first method analyzed 100.05 
per cent NaiSiFs, those by the second method, 99.41 per cent. 
Crystals made by the first method were used in the solubility 
determinations. They were fine, white, and opaque. No 
free acid was found. The solution was titrated hot with 
sodium hydroxide, using phenolphthalein as indicator. 
Carter (£) found 0.690 per cent (by interpolation from his 
table).

The results on this and the other salts will be found in 
Table I. Each value represents the mean of from four to 
thirteen determinations.

T a b le  I —S o lu b i l i t ie s  of S o m e  F lu o s il ic a te s  a t  20° C.

S a l t

NajSLF«
MgSiF«.6HïO
ZnSiFe.6HtO
PbSiF«.4HiO
CuSiF«.4HiO

S p e c i f i c  G r a v i t y  
20o/4 °  C.

1.0054
1.2395
1.4336
2.4314
1.6174

SO L U B IL IT Y

%
0.733

37.94
49.94 
81 .90  
59 .08

Av. D e v i a t i o n  
f r o m  M e a n

%
* 0.002
* 0 .2 9
* 0 .2 3
* 0.1*0.11

M a g n esiu m  F lu o s i l i c a t e —A very pure commercial 
product was used as the source of this salt. Recrystallization

did not improve the purity. The salt was made by dissolving 
magnesite in a slight excess of dilute fluosilicic acid, evaporat
ing at 77° C. with agitation, allowing the silica to settle out, 
and crystallizing at 41 ° C. under reduced pressure. The crys
tals were dried in a rotary drier. The salt analyzed 101.53 
per cent MgSiF6.6H20. The free acid was found to be 0.83 
per cent. Magnesium fluosilicate forms large, water-clear 
crystals. Its saturated solution is slightly viscous. Although 
hydrolysis is not excessive, the fluosilicic acid and magnesium 
hydroxide are quite gelatinous and make filtration difficult.

The solutions were analyzed volumetrically in the same 
way as the sodium fluosilicate solutions. As a check mag
nesium was determined gravimetrically as the pyrophosphate 
according to the method described by Scott (6).

The volumetric results are so much more concordant that 
it seems safe to accept them as final. The tediousness of the 
gravimetric method is probably responsible for the differences 
observed. Only the volumetric results are given.

Z in c  F lu o s i l i c a t e —The zinc fluosilicate likewise was a 
very pure commercial product. I t was made in the same 
manner as the magnesium fluosilicate, except that zinc oxide 
was used instead of magnesite. The analysis was 95.58 per 
cent ZnSiF6.6H20. The crystals contained 0.79 per cent 
free acid. The crystals in appearance resemble those of the 
magnesium salt. The saturated solution is quite viscous. 
However, filtration is relatively easy, since the hydrolysis 
products are not very gelatinous.

For reasons already advanced, the volumetric method of 
analysis is not feasible with this salt. The zinc was there
fore precipitated as ZnNH4POi in neutral solution and ig
nited and weighed as the pyrophosphate. The method of 
Fales and Ware (8) was used on several samples and found 
to give results identical with the pyrophosphate method. 
The data given are based on the latter method.

L e a d  F lu o s i l i c a t e —This salt was prepared by adding 
about 10 per cent less than the theoretical amount of red lead 
to a dilute fluosilicic acid solution. Strong acid produces too 
much decomposition of the salt because of the excessive rise 
in temperature. Silica and lead dioxide are formed in the 
reaction and must be filtered off. The solution so formed was 
allowed to crystallize at room temperature. The crystals 
analyzed 99.96 per cent PbSiF8.4H20 . This high purity was 
probably due to the insolubility of lead fluoride.

Lead fluosilicate is the most unstable of all those studied. 
Slow thermal decomposition proceeds even at room tempera
ture. In consequence the dry salt and its solutions are very 
corrosive. The crystals are large, clear, and highly refractive. 
If allowed to stand exposed to the air, they become opaque. 
The saturated solution is very viscous and hydrolyzes slowly 
on standing, with the formation of an opaque, white pre
cipitate.

Volumetric methods cannot be used in the analysis of these 
solutions, so the lead was precipitated as the chromate ac
cording to Scott (5). When the saturated solution was di
luted, a precipitate formed which was cleared up with nitric 
acid.

C op p er  F lu o s i l i c a t e —This salt was prepared in four 
different ways:

(1) 10 per cent fluosilicic acid solution plus about 10 per 
cent less than theoretical c. p. cupric oxide.

(2) Same as (1) but using c. p . basic copper carbonate.
(3) and (4) Same as (1) and (2) but using 30 per cent acid.

Recrystallization of the product formed by each one of the 
four methods gave crystals identical in all their properties. 
Crystallization and drying were carried out at room tempera
ture. The crystals are a clear, sparkling blue and are quite
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efflorescent. They must be preserved in a carefully stoppered 
bottle. The saturated solution is viscous. The crystals used 
analyzed 99.95 per cent CuSiF6.4H20. Copper was de
termined iodometrically according to Scott (5).
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Device for Estim ation of D ensity  of Gems and 
Small A m ounts of Solids1

Eugene W. Blank 

A l l e n t o w n ,  P a .

IT IS frequently eminently desirable to determine rapidly 
the density or specific gravity of small amounts of solids 
too minute to be determined by the more usual methods 

available to the investigator. The device to be described 
is particularly adapted for the determination of the density 
of extremely small quantities of substances, cut gems, and 
small mineral crystals or fragments.

There are several methods available for the determination 
of the density or specific gravity of solids (4). These involve 
the use of: (1) the chemical balance, (2) the pycnometer,
(3) heavy liquids and the Westphal balance, and (4) the 
Jolly balance.

These methods, with the possible exception of the third, 
are not adaptable to small amounts of solids. The use of 
heavy liquids is time consuming and the limit of accuracy 
seems to be 0.03 (5). Furthermore many substances are 
encountered with a higher density than the heaviest liquid 
obtainable. The use of a wax and red lead float or the use 
of clips with small specimens is not compatible with accuracy 
(7). Caley (1) has perfected an ingenious instrument for 
the determination of densities that is both accurate and 
rapid, but not adaptable for substances lighter thar. the dis
placing liquid nor specimens it is not desirable to crush, as 
in the case of gems.

The principle of this device is relatively simple. A narrow 
tube is filled with a suitable liquid to a mark on a side capillary 
tube. The sample is inserted in the liquid, and more liquid 
added from a weight buret to bring the liquid level with a 
second mark on the capillary tube. The weight of liquid 
required to fill the instrument from the lower mark to the 
higher one is previously determined. By subtracting the 
weight of liquid required to bring the volume from the first 
to the second mark when the sample is in the tube, from the 
weight required when the instrument is empty, gives the 
weight of liquid displaced by the specimen. Since the 
density of the liquid is known the volume of the specimen 
can be obtained by a simple calculation, and this value 
divided into the weight of the specimen gives the desired 
density.

The method is simple, relatively rapid, and quite accurate.
Description of Instrum ent

The device is constructed of glass and is 12.0 cm. in height 
with an internal diameter of 0.6 to 0.8 cm. The base may 
be a glass or wooden block with a single hole large enough 
to hold the inserted tube upright. The capillary tube has 
an internal diameter of 1.0 mm. and should widen gradually

1 Received Septem ber 19, 1930.

to the point of attachment to the main body of the instru
ment to prevent the inclusion of air bubbles when the instru
ment is being filled with liquid. I t is important that the 
internal diameter of the capillary shall not exceed 2.0 mm. 
or be smaller than 1.0 mm. A larger diameter means loss 
of accuracy when the specimen is very small while a smaller 
diameter leads to difficulties due to the inclusion of air bubbles 
when filling the instrument. The capillary should rise to a 
considerable height, 3.0 to 4.0 cm., above the highest liquid 
level in order that loss of liquid by 
evaporation and consequent loss in 
accuracy may be reduced to a mini
mum. It has been found by experi
ment that loss due to evaporation in 
the capillary under these conditions 
is negligible over short periods of 
time. A small weight buret was de
signed for the instrument bearing in 
mind several advantages mentioned 
by Friedman and LaMer (S). How
ever, any weight buret of small size 
is adaptable to this instrument. It 
is essential that the buret be fitted 
with a glass cap and the ground sur
face for the cap should securely fit 
the top of the instrument to prevent 
any loss by evaporation when using 
very volatile liquids for displacement.

Displacement Liquids

Water may be used as the displace
ment liquid for relatively large speci
mens. In this case the capillary 
should be at least 1.5 mm. in internal 
diameter to prevent the inclusion of 
minute air bubbles. With very small 
specimens the high surface tension 
of water causes errors due to the in
clusion o f  air bubbles on the surface 
and between the particles of solid 
sample. The most satisfactory dis
placement liquid is ethyl ether but 
correct results are obtained only by 
careful attention to the proper 
method of using the apparatus. With 
ethyl ether any minute air bubbles 
adhering to the Surface Of the Speci- D evice fo r  E s t im a tio n  

men may be readily liberated by w u^m oun tfo f^o lku
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T a b le  I— E s t im a t io n  of D e n s it ie s  of S ev era l S e m i-P re c io u s  G em s T a b le  I I — E s t im a t io n  o f D e n s it ie s  o f S ev era l C ry s ta lliz e d  M in e ra ls
S a m p l e D i s p l a c e d  E t h e r  

W eight Volume
D e n s i t y  

Found Pycnom eter
S a m p l e D i s p l a c e d  E t h e r  

W eight Volume
D e n s i t y  

Found Pycnom eter
Grams Gram Cc. Grams Gram Cc.

B ERY L, a q u a m a r i n e : RUSSIA c a s s i t e r i t e : b o h e m i a

2.1318 0.5721
0.5700
0.5760
0.5743

0.7957
0.7928
0.8011
0.7987

Av.

2 .68
2 .69
2 .66
2 .67
2 .68 2.6S

4.4516 0.4594
0.4602
0.4611
0.4590

0.6389
0.6401
0.6413
0.6384

Av.

6 .97
6 .95  
6 .94
6.97
6 .96 6 .9 6

B E R Y L , a q u a m a r i n e : BRAZIL CORUNDUM : CANADA

1.1730 0.3183
0.3152
0.3177
0.3197

0.4427
0.4384
0.4419
0.4446

Av.

2 .65  
2 .68
2 .65  
2 .64
2 .66 2 .65

3.9721 0.7206
0.7211
0.7200
0.7197

1.0023
1.0029
1.0014
1.0010

Av,

3 .96
3.96
3.97
3.97
3.97 3 .9 6

t o u r m a l i n e : j a p a n o r t h o c l a s e : m o n t a n a

1.9470 0.4553
0.4546
0.4578
0.4598

0.6332
0.6323
0.6367
0.6395

Av.

3 .07
3.08
3.06  
3 .04
3.06 3.06

3.1673 0.8916
0.8914
0.8926
0.8920

1.2401
1.2398
1.2414
1.2406

Av.

2 .55
2 .55
2 .55
2 .5 5  *
2 .55 2 .5 5

A p p l i c a b i l i t y  o f  M e t h o d  t o  S m a l l  Q u a n t i t i e s  o f  S a m p l e

B E R Y L , AQU AM ARINE: RU SSIA

0.3467

0.1S64

0.1191

0.0943 0.1312 2 .64
0.0932 0.1296 2 .68
0.0958 0.1332 2.60
0.0936 0.1302 2.66

Av. 2 .65
BERYL,, a q u a m a r i n e : b r a z i l

0.0519 0.0722 2 .58
0.0507 0.0705 2.64
0.0498 0.0693 2 .69
0.0505 0.0702 2.66

Av. 2 .64
t o u r m a l i n e : j a p a n

0.0283 0.0394 3 .02
0.0278 0.0387 3 .0 8
0.02S7 0.0399 2 .9 8
0.0280 0.0389 3 .06

Av. 3 .04

2. 6

2 .6 5

3.06

A p p l i c a b i l i t y  o f  M e t h o d  t o  S m a l l  Q u a n t i t i e s  o f  S a m p l e  

c a s s i t e r i t e : b o h e m i a

gently tapping the instrument. Ethyl ether has the additional 
merit of rapidly evaporating, leaving a dry, clean apparatus 
and a dry specimen. Alcohol, benzene, and other liquids 
of low surface tension may be substituted for the use of the 
ether. The chief disadvantage of the use of ether lies in its 
extreme volatility but the errors incident to this property 
may be reduced to a minimum by proper attention to a few 
details of procedure. The use of ether permits the direct 
estimation of the density of most water-soluble salts.

Calibration of Instrum ent

The clean instrument is filled to slightly above an arbi
trary lower mark with ether. The liquid is most conveni
ently introduced by means of a pipet. The device is allowed 
to stand until evaporation has reduced the level of the liquid 
to the exact mark on the capillary. Next ether is introduced 
from a weight buret till the liquid rises in the capillary to a 
second arbitrary mark. The marks on the author’s instru
ment were 4.5 cm. apart. The buret is removed, quickly 
capped, and weighed. The loss in weight of ether is the 
calibration value for the particular temperature.

The calibration value is also to be determined with a lead 
clip in the instrument. This clip may subsequently be used 
to submerge specimens lighter than ether.

Method of Procedure

If the solid material is in the form of a powder, suitable 
fragments are selected for the determination with a forceps. 
In the case of a mineral the specimen is crushed and suitable 
fragments likewise selected. In the case of metals or alloys 
clippings or turnings may be used. Cut or massive gems 
require no sampling. Too fine powders are to be avoided 
since they give rise to errors from the inclusion of minute 
air voids between the individual particles of powder. Sub
stances lighter than ether must be in a coherent mass so that 
a lead clip may be attached.

0.3015 0.0310
0.0314
0.0312
0.0312

0.0431
0.0437
0.0434
0.0434

Av.

7 .00
6.90
6 .9 5
6 .95
6 .95 6 .9 6

CORUNDUM : CANADA *
0.2143 0.0391

0.0388
0.0379
0.0390

0.0544
0.0540
0.0527
0.0542

Av.

3 .94
3.97  
4 .07
3.95
3 .98 3.96-

o r t h o c l a s e : m o n t a n a

0.1569 0.0449
0.0447
0.0440
0.0442

0.0624
0.0622
0.0612
0.0615

Av.

2.51
2 .52 
2 .56  
2 .55  
2 .54 2 .5 5

T a b le  I I I— E s tim a tio n  o f D e n s itie s  o f S ev era l C u t  G em s
S a m p l e D i s p l a c e d  E t h e r  

W eight Volume

D e n s i t y
Clerici's 

Found soln. (2)(tf>
Grams Gram Cc.

SA PPH IR E
0.4003 0.0710 0.0987

t o p a z

4 .06 4 .03

0.5583 0.1121 0.1559
LAZU RITA

3.58 3 .54

2.5063 0.7479 0.1040
R H O D O N ITE

2 41 2 41

2.0463 0.3945 0.5487 3.73 3 .68

T a b le  IV— A p p lic a b il i ty  o f M e th o d  to  E x tre m e  S m a ll  Q u a n t i t ie s  off 
V a rio u s  S u b s ta n c e s

S a m p l e D i s p l a c e d  E t h e r  
W eight Volume

D e n s i t y  
Found  Pycnom eter

Gram Gram Cc.
p o t a s s i u m  c h l o r i d e

0.0600 0.0216
0.0218
0.0218

0.0300
0.0303
0.0303

s o d i u m  c h l o r i d e

Av.

2 .00
1.98
1.98
1.99 1 .98

0.0500 0.0166
0.0159
0.0162

0.0231
0.0221
0.0225

C O PPER  W IR E

Av.

2.17
2 .26
2.22
2.22 2 .17

0.0800 0.0064
0.0065
0.0066

0.0089
0.0090
0.0092

CORK

Av.

8 .99
8.88
8.70
8.86 8 .9 3

0.2098 0.6040 0.8401 0 .25 0 .24°
a D ensity  of cork determ ined by chem ical balance.

The sample being in readiness and weighed the instrument 
is filled with ether to the first mark by means of a pipet. 
The sample is quickly dropped in the instrument and the 
weight buret inserted. Ether is added from the buret till 
the liquid in the capillary rises to the second mark. The 
instrument is gently tapped to bring any air bubbles to the 
surface, and a final adjustment of levels is made. The 
buret is immediately removed, the stopper turned, the
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buret capped, and weighed. The whole operation should 
be performed quickly. The loss in weight of the buret, 
subtracted from the calibration value, gives the weight of 
ether displaced by the specimen. Dividing the weight of 
displaced ether by its density of 0.719 gram per cubic centi
meter gives the displaced volume of the specimen and a sim
ple calculation serves to give the required density.

Temperature corrections for the expansion of the glass 
tube over the ordinary range of working temperatures is not 
required as it is less than the other errors involved.

Results

The results obtained on various substances are shown in 
Tables I to IV. The values by the pycnometer method were 
determined at 15° C. on large samples of the same material 
as used for the other determinations. The determinations by 
the ether method were done at approximately 15° C. Clerici’s 
solution was used as a check in the case of the cut gems, the 
same gem being used in both determinations.

No difficulty was experienced in checking against the pyc
nometer in the case of the larger samples.

In the case of the cut gems the values do not check quite so

closely but the ether method result is probably the one 
nearest to the actual value.

The individual determinations of the extremely small 
samples vary more from the true value than do those in 
which a larger volume of liquid is displaced, but the average 
value of a series is generally quite satisfactory.

The result with cork, noted on Table IV, shows that sub
stances lighter than ether give concordant checks with the 
values obtained by other procedures.

The applicability of this method to large and small samples, 
and to substances lighter than the displacing liquid is very 
satisfactory. The procedure is rapid and the results ob
tained check with those obtained by other methods.
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A rc Spectrographic Estim ation of C hrom ium  
in R uby'

Jacob Papish and Wm. J. O’Leary

D e p a r t m e n t  o f  C h e m i s t r y ,  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  N. Y .

BECAUSE synthetic ru
bies are colored red by 
the addition of from 

2 to 4 per cent chromic oxide, 
it has been assumed that the 
color of natural rubies is also 
due to this substance. The 
presence of chromium in ru
bies has long been know  (2); 
it is also known that there is 
not as much chromium in 
the natural gem as there is in the synthetic. According to 
Wohler and Kraatz-Koschlau (9) the chromium in natural 
rubies is analytically not determinable, as it is present in 
very small amounts. Doelter (1) also states that the 
amount of chromium in natural rubies is so small that it 
cannot be determined quantitatively. Wild and Klemm (S) 
examined the emission spectra of rubies from Siam and 
Montana, using a carbon arc, and compared them with that 
of a synthetic ruby. They found that while all of them 
showed lines due to chromium, the synthetic ruby contained 
more chromium than natural ones, as evidenced by more 
intense lines. Thejr report that the chromium lines XX
3593.5 and 3578.7 A. were missing in the spectrogram of 
the Siam ruby, and X 2653.7 A. was missing in the spectro
grams of the rubies from Siam and Montana.

In the present investigation, an arc spectrographic method 
was adopted to estimate the amount of chromium in naturally 
occurring rubies. The experimental procedure has been 
described elsewhere (5, 6, 7), and will be outlined only briefly 
here.

persistence of Arc Spectral Lines of Chromium

A solution was prepared containing 1.923 grams of chro
mium trioxide in 100 cc. of aqueous solution. This was an-

1 Received A ugust 22, 1930.

alyzed by titration with 0.1 
N  potassium permanganate 
and FeSO<.(NH^jSO«.6H,0 
in the usual way and was 
found to contain 0.0099 gram 
of chromium per cubic cen
timeter. Because the error 
was only 1 per cent of the 
in tended  amount, and be
cause the subsequent dilu
tions would make it still 

more negligible, the value 0.0099 gram was designated as 
0.01 gram of chromium per cubic centimeter. This solution 
was diluted in volumetric flasks to give a series of solutions 
containing, respectively, 0.01, 0.001, 0.0001, 0.00001, and 
0.000001 gram of chromium per cubic centimeter. A one-tenth 
cubic centimeter sample of each of these solutions, measured 
from a calibrated capillary pipet, each sample containing, 
respectively, 1.0, 0.1, 0.01, 0.001, and 0.0001 milligram of 
chromium, was subjected to arc spectral excitation between 
graphite electrodes 7 mm. in diameter, on 110-volt direct 
current, using about 600 watts. The lower electrode was 
made the anode, and the samples were placed thereon. The 
spectrograph employed was of the Littrow auto-collimating 
type, fitted with a 30-degree quartz prism, and the spectra 
were photographed on d. c. ortho plates.2

Chromium yields a large number of arc lines in the optical 
spectral range that decrease in intensity and persistence 
with diminishing amounts of the element under excitation. 
The most sensitive of these lines between XX 5785.5 and 3120.4 
A., with their persistence at varying concentrations, are 
listed in Table I. In this table, (v) is used to designate that a 
line is visible, (f) that it Is faint, and (vf) that it is very faint. 
For the purpose of spectrographic estimation of small quan
tities the following lines were found most suitable: XX 5208.4,

1 M ade by  E astm an K odak Com pany, Rochester, N . Y.

The persistence of the arc spectral lines of chromium  
as conditioned by concentration of the elem ent has 
been studied in the range between XX 5785.8 and 3120.4 
A. The study was extended to chromium  in a mix
ture of fused chromic oxide and alumina, and it was 
observed that the sensitivity of the spectral reaction  
was m uch greater in the case of chrom ium  in fused 
alum ina than in the case of chrom ium  when arcked as 
chromic acid. The method was applied to the estim a
tion of chromium in rubies.
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5206.0, 5204.6, 4626.2, 4622.5, 4619.5, 4616.1, 4613.3, 4546.0, 
4544.6, 4540.7, 4535.7, 4530.7, 4289.7, 4274.8, 4254.3, 3605.3, 
3593.5, and 3346.71.

T a b le  I— P e rs is te n c e  o f A rc S p e c tra l  L in e s  o f C h ro m iu m  
M i l l i g r a m s  o p  C h r o m i u m  a s  C r O i

0.001X 1 .0 0 .1 0 .01
5785 .8 \ 
5785.0 
5783 .9( 
5 7 8 3 .1 f  
5781.84 
5781.2J 
54 0 9 .8 ' 
5348.3

V

V
V f

5345.8 V i
5328.3 V f
5300.7 V f
5298 .3 ) 
5297.3 J. V f
5296.7 \
5265.7 V f
5264.2 V f
5208.4 V V f
5206.0 V V f
520-1.6 V V f
4652.2 V V vf
4646.2 V V vf
4626.2 V vi
4622.5 V vf
4619.5 V . vf
4616.1 V vf
4613.3 V vf
4546.0 V vf
4544.6 V vf
4540.7 V vf
4535.7 V vf
4530.7 V vf
4371.3 V V
4363.1 V V
4351 .8) V V
4 3 5 1 .1 J 
4344.5 V V
4339 .7 )
4339 .5} V V

4337.6 V V
4289.7 V V V
4274.8 V V V
4254.3 V V V
3976.7 V V
3969.8 V f
3963.7 
3941.5
3928.7
3921.0
3919.2
3916.3
3908.8
3894.1 
3743 .9 ) 
3743.6}
3639.8

V
V
V
V
V
V
V
V

vf
V vf

3636.6 V vf
3605.3 V V vf
3593.5 V V vf
3578.7 V V
3433.6 V V
3346.7 V V vf
3132.1 V V
3120.4 V V

T a b le  I I — C h ro m iu m  C o n te n t  o f S y n th e t ic  R u b ie s
C h r o m i u m

N o. C o l o r  D e t e r m i n e d

%
1.84 
0.944 
0.092 
0.009 
0 .0009

C o l o r

Deep purpUsh red 
D eep red 
Pale p ink 
Very fain t pink 
W hite

T a b le  I I I — P e rs is ta n c e  of A rc  S p e c tra l  L in e s  o f C h r o m iu m  i n  F u s e d  
A lu m in a

M i l l i g r a m s  o f  C h r o m i u m  ( a s  C r tO * )  i n  F u s e d  
A l u m i n a

0.000060.06 o.ooa 0.0006

I

Arc Spectrographic Estim ation of Chromium in  
Synthetic Rubies

In order to duplicate the conditions under which the 
natural rubies were to be examined, a number of synthetic 
rubies were prepared as follows:

An aqueous solution of ammonium chromium alum was 
prepared, containing approximately 0.01 gram of chromium 
per cubic centimeter. Definite portions of this solution (10, 
5, and 0.5 cc.) were added to 44-gram portions of ammonium 
alum dissolved in water. The ammonium chromium alum 
solution was further diluted, and of this new solution, con
taining approximately 0.0001 gram of chromium per cubic 
centimeter, a 5-cc. and 0.5-cc. portion were added to 44-gram 
portions of ammonium alum dissolved in water. These 
amounts were calculated to yield rubies containing 2, 1, 0.1, 
0.01, and 0.001 per cent chromium. The combined hydrous 
oxides of aluminum and chromium were then precipitated 
from each of the five mixtures by means of ammonium hy
droxide, were filtered off, washed free of sulfate, and were 
ignited to aluminum oxide and chromic oxide. The hydrous 
oxides were precipitated together to ensure an intimate 
mixture with consequent uniformity of composition in the 
rubies.

x
5785 .8>
5785.0 
5783.9 
5783.1,
5781.81 
5781.2;
5409.8
5348.3
5345.8
5328.3
5300.7 
5298.3!
5297.1 
5296.
5265.7
5264.2
5208.4
5206.0 
5204.6
4652.2
4646.2
4626.2
4622.5
4619.5
4616.1
4613.3
4546.0
4544.6
4540.7
4535.7
4530.7
4371.3
1363.1
43 5 1 .8 )
4351 .1}
4344.5 
43 3 9 .7 )
4339.5 {
4337.6
4289.7 v v v f
4274.8 v v v f
4254.3 v v v  f
3976.7
3969.8
3963.7
3941.5
3928.7
3921.0
3919.2
3916.3
3908.8
3894.1
37 4 3 .9 )
3743.6 }
3639.8
3636.6
3605.3
3593.5
3578.7
3433.6
3346.7
3132.1
3120.4

Portions of each of the powdered mixed oxides were then 
put in a shallow graphite crucible, about 2.5 cm. in outside 
diameter, and the crucible was placed between the graphite 
electrodes of a horizontal arc furnace drawing 110 volts and 
approximately 300 amperes direct current. Separate crucibles 
were used for the different concentrations of chromium. 
The arc was then made to play on the sides of the crucible 
till the powdered oxides fused, this process usually requiring 
from 2 to 5 minutes. The resulting rubies were opaque, 
spherical in shape, and weighed 0.1 to 0.15 gram. Several 
grams of each of the different rubies were obtained in this 
way.

The color intensity of these rubies varied, as was to be 
expected, directly with their chromium content. The 
rubies were broken and examined microscopically; they were 
completely and homogeneously fused, were uniformly colored, 
and were crystalline aggregates, consisting of rhombohedra 
parallel to each other. This fact accounted in part for their 
opacity. They were then analyzed so as to determine the

V

V
V f
V f
V f
V f

V f

V f
V f
V V f
V V f
V V f
V V v f
V V v f
V v f
V v f
V v f
V v f
V v f
V v f
V v f
V v f
V v f
V v f
V V
V V

V V

V V

V V

V V V
V V V
V V V
V V
V
V f
V
V
V
V
V
V
V

v f

V v f
V v f
V V vf
V V v f
V V
V V
V V v f
V V
V V
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actual amount of chromium present in them after possible 
losses by volatilization during the fusion. They were pul
verized in a “diamond steel” mortar to pass a 200-mesh sieve, 
and were carefully gone over with a magnet to remove any 
particles of steel (4). Samples varying from 0.3 to 4.0 grams 
in weight were then fused in a platinum crucible with fifteen 
times their weight of potassium hydrogen sulfate. The 
fusions were taken up in nitric acid (1:2), oxidized with 
sodium bismuthate in the usual way (3), and titrated with 
0.01 N  potassium permanganate and FeSO^NEW SO<.6H20. 
The fusions in nearly all cases were complete the first time, 
but occasionally a small insoluble residue had to be re-fused 
with potassium acid sulfate before oxidation and titration. 
The results of these analyses are given in Table II.

The pulverized rubies were next examined spectrographi- 
cally to determine the sensitivity and persistence of the chro
mium lines when alumina played the role of solvent. The 
powders were loaded onto the electrodes from a small hole 
bored in the end of a brass rod; from the average of a number 
of weighings, this hole was found to deliver a sample of ruby 
weighing 0.0063 gram. The sample was spread evenly over 
the lower electrode to ensure as complete volatilization as 
possible of all the material during the time of photographic 
exposure. The results of the observations are recorded in 
Table III.

A comparison of Table III with Table I will point out 
the fact that the sensitivity of the spectral reaction of chro
mium was much greater in the case of the synthetic rubies 
than in the case of chromium trioxide. The least recogniz
able quantity of chromium when introduced in the arc as 
chromic acid was 0.001 mg., but the same element in fused 
alumina was recognizable to the extent of 0.00006 mg.

Spectrographic Estim ation of Chromium in Natural 
Rubies

Eight natural rubies from five different localities were 
subjected to arc excitation in the manner described in con
nection with the synthetic rubies. In each case about

6 mg. of pulverized ruby were used and the chromium was 
estimated from the number as well as from the intensity of 
spectral lines, by comparing the spectrograms with the 
"standards” used in compiling Table III. The results of this 
examination are recorded in Table IV.

T a b le  IV— S p e c tro ô ra p li lc  E s t im a t io n  o f C h ro m iu m  in  N a tu ra l  
R u b le s

W e ig h t  op E std .
N o . P l a c e  o p  O r ig in D e sc r ipt io n C hro m iu m C h k o m ii

(e s td . in  6 m g.
of ru b y )

Mg. %1 M y so re , In d ia D a rk  red  c ry s ta l,  gem
v a r ie ty 0.006 0 .1

2 M y so re , In d ia R ed  c ry s ta ls , t r a n s 
lucen t 0.006 0.1

3 M aco n  C o u n ty , N . C . P in k , t ra n s lu c e n t 0.0006 0 .01
4 U ra l M o u n ta in s D eep  red  c ry s ta ls ,

tra n s lu c e n t 0.006 0 .1
5 M y so re , In d ia D eep  re d  c ry s ta ls ,

tra n s lu c e n t 0.006 0 .1
6 Z o u tp an sb e rg , T ra n s  D eep  red  c ry s ta l,

v aa l o p aq u e 0.006 0 .1
7 M acon C ounty, N . C. D eep  red  c ry s ta l,

t ra n s lu c e n t 0.002 0 .03
8 C eylon B rig h t re d , tr a n s p a r 

e n t 0.006 0 .1

To check the reliability of the spectrographic method 
for estimating chromium in rubies, rubies Nos. 4 and 5, 
of which the writers had sufficient quantities, were examined 
by the procedure used for determining chromium in the 
synthetic rubies. The chromium content of ruby No. 4 
was found to be 0.120 per cent, and of ruby No. 5, 0.159 
per cent.
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Elimination of Sulfur in Carbon Determinations by 
Direct Combustion1

Wm. H. Blatchley

4600 J o n a th o n  St ., D e a r b o r n , M ic h .

TN VIEW of the frequency of erroneous results in carbon 
determinations owing to the influence of sulfur, the dis

cussions of the subject in the textbooks on steel analysis seem 
wholly inadequate, if not positively misleading.

A manufacturer of laboratory equipment has recently 
introduced a special carbon train designed for the elimination 
of sulfur. I t  involves the use of an electric heating unit and a 
catalytic cell for the conversion of sulfur dioxide to sulfur 
trioxide, followed by the usual zinc tower for its absorption.

The author of one of the well-known textbooks, in his 
latest edition, just off the press, recommends the use of red 
lead for all carbon determinations by combustion in steel, 
pig iron, and graphite, the context indicating that the object 
is to insure complete combustion of the carbon. In another 
paragraph he mentions the necessity, when dealing with 
materials containing an unusual amount of sulfur, of using an 
additional bubble tube or jar filled to a depth of 2 inches 
with a concentrated solution of potassium permanganate, to

1 Received Septem ber 29, 1930.

absorb “most of the unusual amount of sulfur dioxide which 
is formed.”

In a series of experiments recently carried out by the writer, 
it was found that, under certain conditions, the sulfur can be 
effectively eliminated without recourse to any special addi
tions to the conventional carbon train, even when igniting 
ferrous sulfide containing 27.4 per cent of sulfur.

The conditions under which this can be accomplished are 
as follows: The combustion tube is loosely packed in its 
outlet end with ignited asbestos which must extend into the 
hot part of the tube. After a few charges have been ignited 
in the tube with red lead flux, the asbestos becomes impreg
nated with a sublimate of this material. This is enough to 
oxidize to sulfur trioxide and fix in the form of lead sulfate 
the sulfur dioxide evolved by the average steel sample, 
whether a flux is used on the sample or not. If, then, red 
lead flux is used on pig irons and other high sulfur-bearing 
materials, the same reaction takes place in the combustion 
boat, and the effluent gases are free from sulfur dioxide.
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G ravim etric  and D irect V olum etric D eterm ination  
of Cadm ium 1

R. G. Wiley

U n i v e r s i t y  o f  M a r y l a n d ,  C o l l e g e  P a r k , M d .

CADMIUM is often de
termined gravimetri- 
cally by weighing the 

pyrophosphate or sulfate. I t 
is commonly determined volu- 
metrically by precipitating 
it as the sulfide, treating the 
sulfide with hydrochloric acid and then titrating with iodine 
solution. This of course is an indirect method.

Cadmium molybdate is very insoluble in a neutral solu
tion. I t is therefore possible to determine cadmium either 
by precipitating it as the molybdate and weighing it as such 
or by titrating a neutral solution of a cadmium salt with 
a standard molybdate solution. The end point of the titra
tion may be determined by transferring some of the solu
tion being titrated to a spot plate and bringing it into con
tact with a drop of chloroform saturated with pyrogallol. 
The solution tested must be nearly neutral. If the soluble 
molybdate is in excess, the aqueous drop which has been 
transferred will turn brown. Metals other than magnesium 
or the alkali metals will interfere with either method and 
must be removed.

Cadmium Solution Used in Determinations

A cadmium nitrate solution was prepared by dissolving 
5.5150 grams of the metal in nitric acid, evaporating to 
dryness, and diluting to one liter. The cadmium in 25 cc. 
of this solution was determined as sulfate. No other metal 
was present.

The Gravimetric Method

The reagent ammonium molybdate is prepared by stirring 
up 30 grams of molybdenum trioxide with 400 cc. of water 
and a few drops of phenolphthalein and adding ammonia 
with constant stirring until the oxide is dissolved. Acetic 
acid is then added until the pink color disappears but the 
reaction is acid to litmus. After filtering, the solution is 
diluted to 1 liter. One cubic centimeter will precipitate 
0.02 gram of cadmium.

Gooch crucibles should be prepared by covering the 
layer of ordinary asbestos with a layer of ground asbestos, 
and dried at 120° C.

Procedure for Gravimetric Method

The cadmium solution should be made just alkaline with 
ammonia and then just acid with acetic acid. I t should then 
be heated to boiling and the molybdate solution added a 
drop at a time and with constant stirring. The presence 
of an excess may be determined by transferring a drop to 
the spot plate and testing with the pyrogallol indicator. 
The solution containing the precipitate is kept near the 
boiling temperature until the supernatant is clear or nearly 
so, and then allowed to stand for at least two hours and pref
erably overnight. I t is then filtered through the Gooch, 
previously dried at 120° C. After the precipitate has been 
washed with warm water, the crucible containing it is dried 
at about 120° C.,and weighed. The factor 0.4122 was used

1 Received August 18, 1930.

for converting cadmium  
molybdate to cadmium. The 
results are the following:

Cadm ium  present, 0.1378 gram  
C adm ium  found:

As sulfate, 0 .1380 ,0 .1 3 9 0 ,0 .1 3 8 3 , 
0 .1385 ; av. 0 . 13S4 gram

M olybdate  m ethod, 0 .1376, 0 .1380, 0 .1389, 0 .1381, 0 .1384, 0 .1380, 
0 .1 3 7 1 ,0 .1 3 7 4 ; av. 0.1379 gram

These results show that the gravimetric molybdate is 
quite accurate.

In another solution there was present 0.2061 gram of 
cadmium and an average of four results shows 0.2062 gram 
present by molybdate method.

Discussion of Gravimetric Method

Cadmium molybdate as precipitated forms hard white 
crystals quite insoluble in water. I t  is, however, a little less 
soluble in a dilute solution of acetic acid than it is in water. 
Upon drying it assumes a faint pink tinge. I t  may readily be 
filtered and does not tend to clog the filter. The crystals are 
very small when first formed, resembling those of barium 
sulfate.

Too much suction should not be used in filtering, es
pecially at the beginning, for the precipitate will tend to run 
through if it has not been digested long enough. This 
precipitate is readily washed. The use of ground asbestos 
in the Gooch is a precautionary measure.

Care should be used not to strike the sides or bottom of the 
beaker with the stirring rod when making the precipitation, 
since the crystals of cadmium molybdate will adhere tena
ciously to the beaker at the point scratched and are detached 
only with great difficulty.

Cadmium molybdate is stable at 120° C. At about 500° C. 
it turns brown and loses about 3 per cent of its weight.

This compound is soluble in strong mineral acids and in 
concentrated solutions of bases. It is nearly insoluble in 
water, but soluble enough to give a very faint color with 
the pyrogallol indicator.

Volumetric Method
Prepare the standard as follow’s: Weigh out 7.4 grams 

of molybdenum trioxide, add about 100 cc. of water and some 
phenolphthalein. Dissolve in ammonium hydroxide and 
neutralize with acid. Cool and dilute to a liter with dis
tilled water. The solution may be standardized by dis
solving an exactly known amount of pure cadmium metal 
in nitric acid and evaporating to dryness over a water bath 
and then titrating the resulting cadmium nitrate against it, 
or it may be standardized by adding to a known volume of 
the solution an excess of cadmium salt and weighing the 
resulting cadmium molybdate as in the gravimetric method.

Procedure for Volumetric Method
The cadmium solution should be so treated that very 

little free acid is present. Ammonium hydroxide is then 
added until a precipitate begins to form. I t is heated to 
boiling and the precipitate dissolved in the least possible 
amount of acetic acid. The solution is titrated and drops 
tested from time to time on a spot plate, the depressions of

Cadmium m ay be determined by precipitating as 
cadm ium  molybdate and weighing as such.

Cadmium m ay be determined volumetrically by 
titrating with a standard am m onium  m olybdate solu 
tion, using a saturated solution of pyrogallol in chloro
form as an indicator.
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which contain a saturated solution of pyrogallol in chloro
form. At the end point a deep brown color will appear. 
The results are the following:
C adm ium  present, 0 .1378 gram
Cadm ium  found by  volum etric m ethod, 0 .1390, 0 .1380, 0 .1395, 0.1374, 

0 .1378, 0 .1390, 0 .1386, 0 .1390; av. 0 .1385 gram

The above recorded results are only a few of those ob
tained and are given as typical. They show that cadmium 
may be accurately determined volumetrically.

Comm ent and Discussion

Ammonium salts increase the solubility of cadmium molyb- 
date. They should be kept at a minimum. This increase in

solubility due to ammonium salts is so small as to be negligible 
in the gravimetric method, but due to the great sensitiveness of 
the indicator it is appreciable in the volumetric method.

When the end point of the titration is apparently reached 
it should be boiled for about 30 seconds and retested, and if 
necessary more standard molybdate added.

Just before the end point is reached, a very faint yellow 
color may be noticed in the drop tested. This color is very 
faint and should not be confused with the much deeper color 
that appears when the true end point is reached.

A standard solution of ammonium molybdate appears to 
give a sharper end point than the sodium salt, although 
either may be used.

Potentiom etrie  D eterm ination of Saponification 
N um ber of M ixtures of Asphalt 

and D rying Oils1
James V. Demarest and Wm. Rieman, 3rd

S c h o o l  o p  C ü e m i s t r y , R o t c e r s  U n i v e r s i t y ,  N e w  B r u n s w i c k , N .  J .

THE determination of 
the sapon ifica tion  
number of mixtures of 

asphalt and drying oil is of 
considerable importance in 
the testing of asphalt paints.
The standard method {1,2), 
however, is rather difficult 
and inaccurate because the 
black color of the asphalt 
suspension obscures the 
end point of the indicator.
Furthermore, when the ben
zene is evaporated, the asphalt is precipitated and considerable 
alkali is occluded by the asphalt. The method described in 
this paper overcomes the first difficulty by the use of the 
hydrogen electrode and the second difficulty by the use of 
anisole as a solvent.

Method

The application of the hydrogen electrode to the deter
mination of the saponification number of the gilsonite was 
investigated first. To a weighed sample of gilsonite were 
added 50 cc. of standard alcoholic potassium hydroxide 
(about 0.7 N) and 40 cc. of pure anisole. The mixture was 
refluxed until saponification was complete (1 hour). After 
cooling it was titrated potentiometrically with standard 
aqueous hydrochloric acid. A normal calomel electrode 
and a hydrogen electrode of the usual type were used as 
reference and indicator electrodes, respectively. After each 
titration the hydrogen electrode was treated with hot con
centrated nitric acid and then made the cathode in the 
electrolysis of dilute sulfuric acid. After this treatment 
it was ready for the next titration. I t was found unnecessary 
to replatinize an electrode during the entire investigation. 
A Leeds and Northrup student potentiometer was used.

Anisole wTas found to be the best solvent for this purpose. 
Other asphalt solvents such as ethyl ether, propyl ether, and 
isopropyl ether were unsatisfactory because they failed to

1 Received August 28, 1930. From  a  thesis subm itted to  the faculty  
of R utgers U niversity by  Jam es V. Dem arest in partia l fulfilment of the 
requirem ents for the  degree of m aster of science.

keep a major portion of the 
asphalt in solution. Nujol 
was unsatisfactory because 
it formed a thick emulsion 
when hydrogen was bubbled 
through saponified mixtures 
of linseed oil and asphalt. 
The benzene could not be 
used because it poisoned the 
hydrogen electrode. Dur
ing the titration two layers 
separated, the upper anisole 
layer con tain ing  alm ost 

all of the asphalt. About 9 minutes were required to attain 
a steady potential after each addition of acid.

The differential curve of a typical titration is shown in 
Figure 1. The first maximum represents the neutralization 
of excess alkali. The reason for the existence of the second 
maximum is not clear, but may be due to the existence of 
acids in the gilsonite of very different ionization constants. 
The third maximum occurs at the same volume of acid as is 
required to neutralize 50 cc. of the alcholic alkali, and there
fore represents the completion of the reaction between 
hydrochloric acid and the alkali combined with the asphalt. 
In this determination it is unnecessary to standardize the 
alkali because the amount of acid used between the first 
and last maxima is a direct measure of the combined alkali. 

.The results are given in Table I.

T a b le  I—S a p o n if ic a tio n  N u m b e r  o f A sp h a lts

G i l s o n i t e B e r m u d e z

Blank m ethod Double maximum 
m ethod Blank m ethod

11.2 12.3 26.9
9 .1 8 .6 28 .0
9 .3 8 .5 27.7

10.0
M ean 9 .9 9 .8 27 .5

Next a sample of linseed oil was saponified and titrated 
by exactly the same method, including the addition of the 
anisole. In this case only 5 minutes were required to attain 
a steady potential. A representative curve is given in 
Figure 2. Here only two maxima are found. The first

The saponification number of linseed oil can be 
determined potentiometrically without a blank de
termination and without the standardization of the 
alkali.

The saponification number of asphalt can be de
termined potentiometrically using anisole as a solvent.

Mixtures of linseed oil and asphalt can be analyzed 
by the potentiometric determination of the saponifica
tion number with high precision and with no more 
expenditure of tim e than is required in other methods.

The analysis of mixtures which contain soy bean oil 
or Bermudez asphalt is less satisfactory.
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The saponification number of soy bean oil was determined 
potentiometrically in the presence of anisole, and found to be 
198.0.

Mixtures of known quantities of linseed oil and gilsonite 
were then prepared and these mixtures were analyzed by a 
potentiometric determination of the saponification number. 
The data and curve of a typical titration are given in Table
III and Figure 3.

T a b le  I I I — T i t r a t io n  D a ta  fo r  L in se e d  O il a n d  G ils o n ite
Cc. E , volts A E / Acc. Cc.

40.12 1.0145
41.12 0.9710 *43 40*62
41.42 0.9230 160 41 .28
41.52 0.9045 185 41 .48
41.62 0.8870 175 41.57
41.72 0.8715 155 41.67
41.82 0.8575 140 41.77
42.13 0.8195 123 41 .98
52.66 0.6790 13 47.39
52.96 0.6710 27 52.81
53.06 0.6675 35 53.01
53.16 0.6640 35 53.11
53.26 0.6570 70 53.21
53.36 0.6440 130 53.31
53.46 0.6330 110 53.41
53.56 0.5610 720 53.51
53.66 0.5150 460 53.61
54.16 0.4430 144 53.91
56.16 0.4040 19 55.16

Volume of Acid 
F ig u re  1—G ils o n ite

represents neutralization of excess alkali; the second, the 
complete displacement of fatty acids from the soaps. The 
results are given in Table II.

T a b le  I I— S a p o n if ic a tio n  N u m b e r  o f L in se e d  O il

Again only two distinct maxima are found which represent 
the neutralization of free and combined alkali, respectively. 
The results are given in Table IV.

T a b le  IV— A n a ly sis  o f M ix tu re s

I n d i c a t o r  M e t h o d
P o t e n t i o m e t r i c  M e t h o d s

B lank Double maximum

191.1 192.3 192.9
191.6 192.7 194.0
190.9 193.2 191.9
192.6 192.6
193.1 193.1
192.4 192.5
191.5 192.4
191.4 192.7
191.6

M ean 191.8 192.7 192.9

T r u e  C o m p o s i t i o n O i l  F o u n d

Gilsonite Linseed oil B lank m ethod
D ouble m axim um  

m ethod

% % % %
19.8 80.2 80.1
19.7 80.3 81 .0 80.3
36.9 63.1 62 .7 63.1
57.2 42 .8 43 .3 42 .9
58 .2 4 1 .8 4 2 .3 41 .9
78 .3 21.7 2 0 .5 2 1 .0

59 .9
Soy bean oil 

40.1 4 2 .8
58 .7 41 .3 42 .4
59.6 40.4 41 .7

Berm udez
64 .8 35 .2 4 0 .4
61.6 38.4 44.4
62.1 37.9 43.1

800

600

400
Ij
8 

* <3

<

200

Volume of Acid 
F ig u r e  2—L in see d  O il

40 46 52
Volume of A d d  

F ig u re  3—L in se e d  O il a n d  G ils o n ite

58
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The method was applied to mixtures of soy bean oil with 
gilsonite and with Bermudez asphalt with less success. 
Difficulty was experienced in detecting the last maximum. 
It is recommended, therefore, that standard alcoholic base be 
used in the analysis of mixtures which contain soy bean oil.

These results are also given in Table IV.
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Effect of A m ino Acids upon R otation  of G lucose 
and Fructose and Its Significance to  D eter

m ination of Sucrose by D ouble 
Polarization M ethods1

D. T. Englis and F. A. Dykins

C h e m i c a l  L a b o r a t o r y , U n i v e r s i t y  o p  I l l i n o i s , U r b a n a , I I I .

The effect of increase in  alkalinity upon the combina
tion of glucose with glycine, as previously noted by Euler 
and associates, has been extended with studies of the effect 
of temperature and different molar relationships. The 
extent of com bination has been followed polarimetrically 
and by an iodometric determination of uncombined glu
cose.

The increase in combination with increase in pH, and 
the equilibrium constants for the reaction as determined 
by polarimetric and iodometric methods, were in  agree
m ent w ith each other and with results obtained by Euler 
from freezing point data.

At 25° C. the glycine-glucose complex was alm ost com
pletely reversed by acidification while at a temperature

as low as 35° C. som e of the stable type of melanoidal 
combination, not affected by acid, was evident. Near 0 ° C. 
the extent of the reaction was very lim ited.

Similar experiments were carried out with asparagln and 
glucose and the same general effects noted although the 
two methods gave values of different magnitudes.

Fructose showed no optical changes in  the presence of 
glycine and asparagin with increasing pH which could 
not be attributed to alkalinity alone.

The significance of the effect of pH, tim e of standing, 
and temperature upon the determination of sucrose in 
the presence of amino acids by double polarization m ethod  
is discussed.

THE importance of more exact knowledge of the effect 
of certain optically active nitrogenous impurities upon 
simple sugars and its significance to the determination 

of sucrose by the double polarization method is evident 
from the recent referee studies reported upon this subject 
by Zerban {15, 16).

The information is especially necessary in studies of 
carbohydrate metabolism of plants in which the sugar con
centration is quite low and the concentration of the nitroge
nous materials relatively higher in proportion to the sugars 
than in the juice of plants used as sugar sources. Brown 
and Morris {2), who are perhaps among the earliest workers 
to make a detailed study of the individual carbohydrates 
in plants, call attention to a disparity between the value 
for sucrose determined by polarization as compared to 
chemical methods. The magnitude of the difference varied 
with different plant materials and with different portions 
of the same plant. More recently Davis and co-workers, 
in estimating the carbohydrates of the mangold and potato, 
found polarization values as much as 80 per cent greater 
than the reduction values and sometimes as much as 90 
per cent lower. The variation was generally greatest in 
the stem extracts. Davis (5) has made the assumption that 
the fluctuations between the optical and chemical values is 
due to asparagin and glutamin. In this laboratory, in the 
investigation of the effect of potassium salts upon the carbo
hydrate metabolism of the nasturtium, the results of the 
determination of sucrose by polarimetric methods have been 
consistently higher. This has led to a series of studies in an 
effort to determine the causes of the differences, and to find a 

of eliminating the more serious sources of error.
Received Septem ber 4, 1930.

Somers {14) investigated first the effect of reduction due to 
sucrose upon the chemical method; second, the effect of 
certain salts left after different defecation procedures; and 
finally, the influence of asparagin upon the optical values. 
These factors taken separately were found to have compara
tively little effect, but some observations of the last mentioned 
are of special interest.

An asparagin solution and invert solution were prepared 
and portions of each were mixed with an equal volume of 
water. Then equal portions of each original solution were 
mixed together. The mixture showed an increased levo- 
rotation over the sum of the optical values of the individual 
constituents.

A few years later, Drake {6) studied the effect of the 
presence of a large number of amino acids upon glucose, 
fructose, and sucrose before and after its inversion. An 
effort was made to keep the solutions approximately neutral 
to avoid the effect of change in acidity upon the rotation 
of the amino acid itself. Both plus and minus differences 
in rotation of the mixtures were found but the value of the 
work suffers from lack of exact knowledge of the acidity 
and duration of the reaction period.

In 1925, Nueberg and Kobel {11) made observations of a 
somewhat similar character. These investigators were con
cerned with a probable reaction product between sugar and 
amino acid which accelerated the alcoholic fermentation of 
the sugar. Addition of d-Z-alanine to a fructose solution 
increased the levorotation while with glucose very little 
effect was noted. Supplementary work by Neuberg and 
Kobel {12) indicated that fructose seems to react immediately 
with amino acids and amides at a pH of 7. Particularly 
striking increases in levorotation were given by aspartic
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and glutamic acids. With the aldol sugars the effects were 
much less.

It has been pointed out by Browne (3) and others whom 
he quotes that optical rotation in the ordinary sense of the 
term is not an additive property. I t  follows as a consequence 
that a discrepancy between the rotation of a mixture and the 
sum of the rotations of its constituents does not necessarily 
mean that a reaction has taken place between the constituents. 
Although the effect of the water concentration which Browne 
has emphasized would probably not be sufficient to account 
for the total differences observed by Somers and other in
vestigators cited, additional indications of a reaction should 
be furnished by other methods. This has been done by 
Euler and his associates.

Euler and Josephson (10) gave attention to the effect of 
decreasing hydrogen-ion concentration upon the reaction of 
glucose with glycine. At the isoelectric point of glycine no 
reaction took place, but with increasing pH, the apparent 
combination as indicated by change in polarization was 
32 per cent at a pH of 9.6. A more detailed study by Euler 
and Brunius (7, 8, 9) in which the reaction was followed by 
freezing point lowering, determination of uncombined amino 
acid by the Van Slyke method and glucose by the iodometric 
method, in addition to polarimetric change, confirmed the 
earlier observations. I t was observed that the rate of com
bination of glucose with glycine is slow, but at a pH of 9.5, 
based on observations of freezing point lowering, it reaches 
equilibrium at 53 per cent combination in 48 hours. Glucose 
and alanine behaved in a similar fashion. The first ex
planation advanced for the increase in extent of reaction 
with increase in pH was that the alkalinity favored the 
change of the sugar from the lactone to the free aldehyde 
form which then condensed with the amino group. Pre
liminary treatment of the sugar with alkali had no effect on 
the final reaction, so any previous rearrangement to the acyc
lic form did not accelerate the combination. Additional 
evidence from refractometric observations seemed to indi
cate absence of a double-bonded compound, and it was con
cluded that the union between sugar and amino acid was of 
glucosidal character.

While the experiments of Neuberg and Kobel, and Euler 
and his associates were carried out with a biological appli
cation in view, they are not less important from the stand
point of analysis.

In the present study some of the previously reported ex
periments with glycine have been extended and additional 
experiments carried out with asparagin, a representative of 
one of the more common nitrogenous impurities in plant 
extracts.

Experimental Methods

The amino acids and sugars had been carefully purified 
and were of high quality. Glycine was selected as one of 
the amino acids for study since it is optically inactive and 
hence the complications due to the change in rotating power 
of the acid itself are eliminated.

Sodium hydroxide was added to the amino acid solution 
to bring it to a definite pH and then the solution made to 
volume with a carbonate-bicarbonate buffer. The sugar 
solution was similarly buffered. Amino acid and sugar 
solutions were then mixed in equal quantities, and for the 
purpose of control an equal volume of each was mixed with 
an equal volume of buffer solution. The hydrogen-ion 
concentration of each of the prepared solutions was measured. 
A Leeds and Northrup potentiometer was used with a Hilde
brand hydrogen electrode and a 0.1 N  calomel half-cell. The 
e. m. f. of the solution was measured and the pH calculated. 
An atmosphere of purified hydrogen was maintained above 
the solution to insure a steady potential. The reactions

were allowed to proceed at various pH values and various 
temperatures until equilibrium was reached. In most of 
the experiments the concentrations of the mixture were in 
a 1 to 1 molecular ratio. In others the amino acid was 
reduced, keeping the molar concentration of glucose constant. 
In all experiments the extent of the reaction was determined 
by decrease in optical value. The observations were made 
with a Schmidt and Haensch saccharimeter. In some of the 
mixtures the uncombined sugar was determined by a slight 
modification of the Cajori (4) iodometric method for aldol 
sugars, and the uncombined amino acid estimated by the 
Van Slyke (13) method.

Calculations of equilibrium constants, glucose-amino 
complex -ir glucose X amino acid, were made on the assump
tion that the combination is in an equal molecular ratio 
and that the compound formed is of negligible rotation so 
that the decrease in rotation is equivalent to the extent of 
combination. This assumption will be open to criticism. 
Euler has made a calculation of the probable optical activity 
of compound and found it to be comparatively high. How
ever, if one accepts the theory of a glucosidal structure and 
if the amino acid reacts equally well with the a and |3 
forms of glucose, one would anticipate that little change in 
rotation would occur if the glycine glucosides differ in rotation 
from their respective forms of glucose as do the methyl- 
glucosides.

The detailed results of these experiments are given in 
Table I.

T a b ic  I— E ffcc t o f G ly c in e  o n  G lu co se  a t  V a rio u s  p H  V alu es  
Pari I — Optical Changes (2 dm . tube)

T em pera tu re , 25° C .; m olar concentration , 0.0066

p H T i m e

G l u c o s e  
50 cc. 

G l y c i n e  
50 cc.

D e c r e a s e  i n  
R o t a t i o n

E q u i 
l i b r i u m

C o n s t a n t

Hrs. ° V. ° V. %
8.11 0 3 .60 0 .00 0 .00

24 3.53 0 .07 1.94
48 3 .50 0 .10 2 .77 0.43

9.52 0 3 .6 0 0.00 0 .00
24 3.12 0 .48 13.33
48 3.00 0.60 16.66 3 .5

10.30 0 3 .6 0 0 .0 0 0 .00
7 3.51 0 .09 2.50

19 3.14 0.46 12.77
26 3 .03 0.57 15.83
42 2 .94 0 .66 18.33
48 2 .80 0.80 22.22 5 .5

Part I I — Decrease in  Apparent Glucose by Iodometric Method

G l u c o s e -
G l y c i n e

M i x t u r e
p H 0.1116 N  Ï2

SO L N .
G l u c o s e
P r e s e n t

G l u c o s e
n o t

A c c o u n t e d
f o r

L oss  o p  
G l u c o s e

Cc. Cc. Mg. Mg. %
10 8.11 11.57 116.56 3.44 2.87
10 9 .52 10.18 102.20 17.80 14.83
10 10.30 9.26 92.97 27.03 22.53

Part I I I — Uncombined A m ino  Acid  by V an Slyke Method 
T em peratu re , 26° C .; barom eter, 749 mm. H g

G l u c o s e -
G l y c i n e
M i x t u r e

p H N j F o r m e d G l y c i n e  i n  
S a m p l e

T o t a l  G l y 
c i n e  F o u n d  
i n  M i x t u r e  
(1.000 G r a m  

P r e s e n t )

Cc. Cc. Mg.
10 8.11 16.64 50.10 1.002
10 9 .52 16.49 49.65 0.993
10 10.30 16.56 49.86 0.997

Part I V — Sum m ary o f  Results

p H

A p p a r e n t  C o m b i n e d  
G l u c o s e A p p a r e n t  C o m b i n e d  G l y c i n e

Polarim etric Iodom etric Van Slyke m ethod

% % %
8.11 2 .77 2.S7 0 .0
9 .52 16.66 14.83 0 .9

10.30 22.22 22.53 0 .5



Experiments with Asparagin

A series of experiments analogous to those with glycine 
were carried out with asparagin and the results are recorded 
in Table II.

January 15, 1931

T a b ic  I I— E ffec t o f A sp a ra g in  o n  G lu co se  a t  V ario u s  p H  V alues 
Part I — Optical Changes (2 dm . tube)

T em peratu re , 25° C .; m olar concentration, 0.0606

p H T i m e
G l y c i n e  50 cc. 
G l u c o s e  50 cc. D e c r e a s e  i n  R o t a t i o n

H r s. ° V. 0 V. %
8.75 0 3 .65 0 .00

24 3 .50 0 .15 4! i i
48 3 .50 0 .15 4.11
72 3 .50 0 .15 4.11

10.64 0 3 .65 0 .00
24 3 .20 0 .45 12Í33
48 2.71 0 .94 25.75
72 2.67 0 .98 26.85

11.55 0 3 .65 0 .00
24 1.35 2 .30 63 " Ól
48 0.41 3.24 88.76
72 0.23 3.42 93.72

Part I I — Decrease in  Apparent Glucose by lodomtlric Method

G l u c o s e -
A s p a r a g i n
M i x t u r e

p H
0.1116 N  
I i  S o l n .

G l u c o s e
P r e s e n t

G l u c o s e
n o t

A c c o u n t e d
f o r

L oss o p  
G l u c o s e

Cc. Cc. Mg. Mg. %
10 8 .7 5 11.97 120.10
10 10.64 10.70 107.40 12.60 10.50
10 11.55 7 .26 72.89 47.11 39.26

Part I I I — Uncombincd A m ino  Acid by V an Slyke Method 
T em perature , 26° C .; barom eter, 749 mm. Hg

G l u c o s e -
A s p a r a g i n

M i x t u r e
p H N j F o r m e d A s p a r a g i n  

i n  S a m p l e

T o t a l  A s p a r a g i n  
i n  M i x t u r e  =  

0.440 g m .

Cc. Cc. Mg. Gm.
10 8 .75 4 .16 22.04 0.441
10 10.64 4 .07 21.57 0.431
10 11.55 4 .10 21.73 0.434

Part I V — Sum m ary o f Results

p H

A p p a r e n t  C o m b i n e d  G l u c o s e A p p a r e n t  C o m b i n e d  
G l y c i n e

V an Slyke m ethodPolarim etrie Iodom etric

% % %
8.75 4 .11 0 .00 0 .0

10.64 26.85 10.50 2.04
11.55 93.72 39.26 1.36

Effect of Acidification on the Reversibility of the 
Reaction

Euler and Brunius (8) found that, when solutions of ala
nine and glucose with a pH of 10.4 had been allowed to stand 
until equilibrium was reached and then acidified with sulfuric 
acid, after 25 hours the iodine consumption was almost the 
same as the initial value, indicating a reversibility of the 
reaction. Such reversibility should characterize all glucose- 
amino compounds. To demonstrate this point solutions 
were prepared in double the concentration indicated in Table 
I, Part I, and polarized. They were allowed to stand 
48 hours, polarized, and acidified with an equal volume of 
dilute hydrochloric acid. After 48 hours the solutions were 
again polarized. The results are given in Table III.

T a b le  I I I— E ffec t o f A c id ific a tio n  u p o n  G lu c o se -A m ln o  A cid 
C o n d e n s a tio n  P r o d u c t

M olar concentration, 0.1332

p H
G l u c o s e  50 cc. 
G l y c i n e  50 cc.

A f t e r  48 
H o u r s

A d d  E q u a l  
V o l u m e  
D i l .  HC1

A f t e r  48 
H o u r s

8 .11
9 .52

10.30

° V.
7 .20
7 .20
7 .20

° V. 
7 .00  
6 .30  
5 .60

° V.
3 .50
3 .15
2 .80

0 V.
3.60
3.50
3 .40
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Effect of Variation in Glucose-Glycine Ratio upon 
Their Combination

The next experiments were designed to determine the 
effect of altering the ratio of the glucose and glycine upon 
the optical value at different pH values. The majority of 
sugar juices or sirups contain sugar in large excess of the 
amino acids so that the mass action effect of the sugar is 
quite high, and one would expect almost all the amino acid to 
be in combination. In this study the glucose concentration 
was kept constant, and that of the glycine reduced. The 
general method of procedure was the same as previously 
outlined. After equilibrium was reached, solid oxalic acid 
was added, and the rate of reversion to the original constitu
ents followed. These experiments were carried out at room 
temperature during an exceedingly warm summer and the 
thermometer registered close to 35° C. during the whole 
period. The results are given in Table IV.

T a b le  IV— E ffect of C h an g e s  In  G lu c o se -G ly c in e  R a t io  a n d  pH  
u p o n  R a te  o f C h a n g e  In  O p tic a l V a lue  of S o lu t io n . R a te  of 

C h an g e  o n  A c id ifica tio n  
Part I — Original pH , 9.52; Temperature, 35° C.; Molar Concentration o f 

Glucose, 0.222

R o t a t i o n s A p p a r e n t  C o m b i n a t i o n

R e a c t i o n
P e r i o d

In itia l glucose-glycine 
ra tio

In itia l glucose-glycine 
ra tio

1:1 1:0.5 1:0.25 1:0.125 1:1 1:0.5 1:0.25 1:0.125

Hrs. ° V. ° V. ° V. ° V. % %  %  %
0 12.24 12.24 12.24 12.24 0 .0 0 .0  0 .0  0 .0
6 9.66 10.85 11.39 11.84 21 .0 22 .7  27 .7  26 .2

18 8 .39 10.35 11.17 11.56 31.4 30 .9  3 5 .0  44 .4
24 8.12 10.16 10.86 11.55 33 .7 33 .9  45 .1  45.1
30 8.32 9 .9 3 10.77 11.55 32 .0 37 .7  4 8 .0  45.1
42 8.04 9.83 10.78 11.28 34 .3 3 9 .3  47 .7  62 .7
48 8 .12 9 .93 10.89 11.44 33 .7 3 7 .7  44 .1  52 .3

A F T E R  A D D IT IO N  O F  S O L ID  O X A L IC  A C ID

0
6

18
66

8 .12  9 .93  10.89 11.44 
10.97 11.35 11.43 11.60 
11.18 11.23 11.38 11.53 
11.06 11.57 11.39 11.66

33 .7
10.3
8 .7
9 .6

37 .7
14.5
16.5 
10.9

44.1 
26 .4
28.1 
27.7

52 .3
4 1 .8
46 .4
37 .9

(A) Per cent reduction of ro ta tion  due 
to  destruction of glucose or form ation of a 9 .6 10.9 27 .7 37 .9
non-dissociable compound.

(B) Per cent combined a t equilibrium  
afte r correction for (A). 24 .1 26 .8 16.4 15.5

Part I I — Original pH , 10.3; Temperature, 35° C.; M olar Concentration o f 
Glucose, 0.222

R o t a t i o n s A p p a r e n t  C o m b i n a t i o n

R e a c t i o n
P e r i o d

In itia l glucose-glycine 
ra tio

In itia l glucose-glycine 
ra tio

1:1 1:0.5 1:0.25 1:0.125 1:1 1:0.5 1:0.25 1:0.125

Hrs. ° V. ° V. ° V. ° V. % %  %  %
0 12.24 12.24 12.24 12.24 0 .0 0 .0  0 .0  0 .0
6 9 .50 10.63 11.35 11.80 22.4 26 .3  2 9 .0  28 .9

18 8.10 10.38 10.98 11.28 33 .8 30 .4  41 .2  62 .7
24 7.89 9 .63 10.70 11.16 35 .5 4 2 .6  5 0 .3  7 0 .6
30 7.85 9.63 10.56 11.00 35 .8 42 .6  54 .9  81 .0
42 7.77 9 .65 10.60 11.07 36.5 42 .3  53 .6  76 .4
48 7.82 9 .63 10.51 11.03 36.1 42 .6  56 .6  79 .1

A F T E R  A D D IT IO N  O F  S O L ID  O X A L IC  A C ID

0
6

18
66

7 .8 2  9 .63  10.51 11.03
11.01 11.21 11.07 11.03
11.01 11.03 11.10 10.86 
10.93 11.21 11.00 10.89

36.1
10.0
10.0
10.7

42 .6
16.8
19.8
16.8

56.6
38.2
37.2  
40 .5

79.1
79.1
90 .2
88 .2

(A) P er cent reduction of ro ta tion  due 
to  destruction of glucose or form ation of a 10.7 16.8 4 0 .5 88 .2
non-dissociable compound.

(B) P er cent combined a t equilibrium  
afte r correction for (A). 25 .4 25 .8 16.1

Method of Calculations

Calculation of the apparent percentage of glycine in com
bination may be indicated as follows: In Table IV, Part II, 
the ratio of glucose to glycine is 1 to 0.5. The decrease in 
rotation indicates an apparent loss of glucose equal to 21.3 
per cent. Since one mol of glycine combines with one 
mol of glucose and its initial concentration is only half that

INDUSTRIAL AND ENGINEERING CHEMISTRY
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of the glucose, then 42.6 per cent of it may be considered 
as in combination.

The equilibrium values at 48 hours would seem to indicate 
that as the glucose is increased in proportion to glycine, a 
greater percentage of glycine is brought into combination. 
However, when the solutions are acidified, they fall far short 
of returning to their original values. Apparently, at this 
higher pH and temperature the type of melanoid reaction 
recently discussed by Ambler (1) begins to take place between 
sugar and amino compound. In addition there may be some 
alteration of the glucose itself. Consequently calculations 
of even apparent equilibrium constants are out of the ques
tion.

Effect of Temperatures of 0° C. and 50° C. upon 
Reaction of Glucose and Glycine at pH 10.3

The temperature of 35° C. having given a non-dissociable 
compound of sugar and amino acid, a couple of experiments 
were carried out to determine the effect of a greater range 
from ordinary room temperatures. The glycine and glucose 
were again used in equivalent amounts, and the solutions 
buffered at a pH of 10.3. Blanks containing sugar and 
buffer alone were examined at the same time. Experiments 
were run in duplicate, one series of flasks being placed in a 
refrigerator at 0° C., and the other in an oven at 50° C. The 
observations of rotation are given in Table V.

T a b le  V— E ffec t o f D if fe re n t T e m p e r a tu r e s  u p o n  R e a c tio n  of 
G lu c o se  a n d  G ly c in e  a t  a  p H  o f 10.3 

Part I — Temperature, 0° C.; Molar Concentration, 0.222

C o n t r o l : G l u c o s e -G l y c in e

R ea c t io n G l u c o s e  a n d  B u f f e r a n d  B u f f e r

P e r io d R o ta tio n C h an g e R o ta tio n C han g e
(«) (à) (a) (i>) W (&) (a) (6)

Hrs. ° V. 0 V. % % ° V . ° V. %  %
0 12.24 12.24 0.0 0.0 12.24 12.24 0.0 0 .012 12.20 12.18 0 .3 0 .4 11.80 11.78 3 .5  3 .7

24 12.16 12.16 0.6 0.6 11.80 11.78 3 .5  3 .7
36a 12.02 12.02 1.6 1.6 11.76 11.76 3 .9  3 .9
72 12.00 12.00 1.8 1.8 11.76 11.76 3 .9  3 .9

Part I I — Temperature, 50° C.; M olar Concentration, 0.222

C o n t r o l : 
G l u c o s e  a n d  B u f f e r

G l u c o s e -G l y c in e  
an d  B u f f e rR e a c t io n

P e r io d R o ta tio n C hange  
(a) («

R o ta tio n
(a) (6)

C h an g e
(a) (6)

Hrs, o Y '  o y . %  % ° V . ° V. %  %
0 12.24 12.24 0 .0  0 .0 12.24 12.24 0 .0  0 .0
3 9 .44  9 .88 2 2 .9  19.3 8 .14  8 .42 3 3 .5  31.2
6 8 .38  8 .50 31 .5  30 .5 7 .7 6  7 .7 8 3 6 .6  36.4

12 7 .2 2  7 .22 4 1 .0  41 .0 6 .9 8  7 .0 2 42 .9  42 .6
24 6.46  6 .54 4 7 .2  46 .5 6 .0 2  6 .02 50 .8  50 .8
36 6 .52  6 .52 46 .7  46 .7 D ark  D ark

°  A t end of 36-hour period th e  tem pera tu re  had risen som ew hat due 
to  trouble w ith m echanical refrigerator. E xperim ents were continued in 
an ice chest a  few degrees above zero.

At the lower temperatures, the solutions remained per
fectly clear and uncolored throughout the experiment. Even 
at relatively high pH values, the amino acid and sugar react 
to a very limited extent and the equilibrium value at the 
low temperature is practically reached within the first 12 
hours.

At the higher temperature, both the control and the mix
ture became dark colored, but the mixture was very much 
darker than the control containing no amino acid. Addi
tion of oxalic acid caused but little change in rotation, in
dicating that the products of the reaction were of a very stable 
character.

Effect of Amino Acids on Fructose at Various pH 
Values

Neuberg and Kobel (12) have demonstrated that at a pH 
of 7, fructose tends to react immediately with amino acids to 
give products of a lower rotatory value. I t  seemed desirable

to determine the effect of increasing alkalinity upon such 
sugar mixtures. Accordingly experiments were tried with 
glycine and asparagin. The results are given in Table 
VI.

T a b le  VI— E ffec t o f G ly c in e  a n d  A sp a ra g in  u p o n  O p tic a l  
V a lu e  o f  F ru c to s e  a t  V a rio u s  p H  V alu es  

Tem peratu re , 25° C .; m olar concentration , 0.222

R o t a t io n  (4-d m . T u b e )
pH T im e Levulose and 

buffer
Levulose-

glycine
Levulose-
asparagin

Hrs. ° V. ° V. ° V.
8 .1 5 0 - 1 9 . 6 9 - 1 9 . 6 1 - 1 9 . 8 7

79 - 1 9 . 5 5 - 1 9 . 5 2 - 1 9 . 7 8
9 .5 2 0 - 1 9 . 4 8 - 1 9 . 5 4 - 1 9 . 7 9

79 - 1 9 . 4 4 - 1 9 . 5 0 - 1 9 . 8 2
1 0 .3 0 0 - 1 9 . 4 1 - 1 9 . 4 6 - 1 9 . 7 4

79 - 1 9 . 4 2 - 1 9 . 4 4 - 1 9 . 7 2

Discussion of Results

As can be noted in Table I, and in agreement with obser
vations of previous workers, the effect of decreasing the 
hydrogen-ion concentration is to increase the tendency of the 
sugar and amino acid to react, and the rate of reaction is 
fairly slow. The very satisfactory agreement between the 
values for the extent of combination of glucose and glycine, as 
determined by polarimetric and iodometric methods, and the 
almost complete recovery of amino acid when the mixture is 
analyzed by the Van Slyke method, are, however, somewhat 
at variance with the results of Euler and his associates for 
the same pH values. I t  should be pointed out that their mix
tures of glycine and glucose were in the ratio of 2 mols of 
the former to 1 of the latter, and their iodometric method 
necessitated a much more strongly basic solution. The 
difference in the Van Slyke values may be attributed to a 
longer period of time consumed in the analyses here reported, 
with the result that under these conditions the amino-acid 
sugar complexes had almost completely reverted to the 
original constituents.

The equilibrium constants, as calculated, lie close to the 
curve which Euler and Brunius (7) obtained by the freezing 
point method for the extent of combination at different pH 
values. This fact, in addition to the agreement between 
the polarimetric and iodometric values of Table I, Part IV, 
lends support to the assumption that the glucose-glycine 
compound is of negligible optical activity.

A complete dissociation of the glucose-glycine complex 
is evident after acidification of the solutions of low alkalinity, 
but in the solutions of higher alkalinity there appears to be 
either a slight destruction of glucose or the formation of 
some non-dissociable product.

The results with asparagin are similar except that an 
enormous change in optical value takes place which is prob
ably due to the effect of the alkali upon the amino acid itself 
in addition to the favoring of the condensation reaction.

As can be noted in Table VI there is little change in in
creasing alkalinity upon the keto sugar-amino acid complex. 
Any differences observed are probably due to the effect of 
the alkaline solution upon the sugar itself.

Significance of Effect of Amino Acids upon Determination  
of Sucrose by Double Polarization Methods

The effects of change in the optical value of the amino acids 
and fructose with change in acidity of the solution, hydrolysis 
of reversion products, and chemical change in some of the 
amino acids themselves, upon the determination of sucrose 
by the double polarization method with different hydrolytic 
procedures, have been discussed by Zerban (15, 16). How
ever, he states that a preliminary study of the methods 
following lead clarification gave such divergent results by
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two chemists working in the same laboratory that work along 
this line was postponed temporarily.

Since raw sugar solutions are usually defecated with 
lead acetate and the excess lead removed with sodium car
bonate or a similar reagent before the determination of 
sucrose, the pH of the solution may be very markedly in
creased by both the excess of deleading agent and the solu
ble acetate salt produced in the lead precipitation process. 
This may be expected to favor the amino acid-aldol sugar 
combination, the extent depending on the relative quantities 
of each present, the alkalinity of the solution, and the time 
the solutions are allowed to stand before polarizing. Even 
if acid be added to bring to some definite pH near the neutral 
point, the rate of reversion of the complex to its original 
components in low acid concentration is slow and the time 
required to reach an equilibrium value may be several hours. 
In addition, the temperature of the solution exerts a marked 
influence upon the extent and nature of the complex formed. 
Thus the apparent change due to the hydrolysis of the sucrose 
can vary widely and be either higher or lower than the 
theoretical value. The variations between polarimetric and 
reduction previously mentioned as observed by Brown and

Morris, Davis, and others probably result from all those 
factors.

It is evident that satisfactory results for sucrose by the 
double polarization method must involve very careful 
consideration of this tendency of amino acids and glucose to 
combine as well as the many other factors which have re
ceived attention previously.
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D eterm ination of Glucose in Presence of Fructose 
and G lycine by Iodom etric M ethod1

F. A. Dykins and D. T. Englis

C h e m i c a l  L a b o r a t o r y , U n i v e r s i t y  o f  I l l i n o i s , U r b a n a , I I I .

THE selective oxidation 
of aldol sugars by io
dine in alkaline solu

tion has received renewed 
attention on account of the 
ease and ra p id ity  of the 
method (10) and its special 
application to the analysis for 
glucose in plant m ateria ls  
used as sources of fructose 
(9, 3).

One of the objections as
signed to the iodom etric 
method is that it gives high 
results because of the fact 
that substances other than 
sugars take up iodine under 
the conditions of the analysis.
On the other hand, certain fac
tors may tend to cause low re
sults. I t has been demonstrated by Euler and Brunius (5,6), 
and Englis and Dykins (4) that when amino acids are present 
and the solution is alkaline, a stable condensation product of 
the monosaccharide sugars with the amino substances takes 
place and prevents its oxidation by iodine in alkaline solution. 
With glucose the rate of condensation is relatively slow near 
the neutral point but increases rapidly in rate and extent as the 
alkalinity is increased. With levulose the combination is im
mediate and at a lower alkalinity. If the amino substance can 
then combine with only an equal molecular quantity of sugar, 
it might be expected that since fructose is the predominating 
sugar in the hydrolyzed extracts of inulin-containing plants, 
it might combine with all the amino material and thus leave 
the aldol sugar to react as it normally would in the absence 
of the amino substance. If the amino substances still tend

1 R eceived Septem ber 12, 1930.

to react with the aldol sugar, 
the rate will be a function of 
the time, temperature, and 
alkalinity, and different val
ues may be expected for the 
iodometric methods using dif
ferent degrees of alkalinity 
and different reaction periods. 
To secure definite informa
tion upon these points was 
the object of these experi
ments.

Experimental Procedure

Three methods involving 
different basic reagents for the 
iodometric procedures were 
used. In the first, sodium 
hydroxide was the base and 
the conditions approximated 

those outlined by Kolthoff (7). In the second, sodium car
bonate was utilized under about the same conditions as 
specified by Cajori (1) except that the quantities of reacting 
materials were increased about 2.5 times. In the third, 
a disodium phosphate-sodium hydroxide buffer mixture of 
about the same pH value as the sodium carbonate mixture 
was used.

The iodine and sodium thiosulfate solutions used were 
approximately 0.1 normal. The sodium thiosulfate solu
tion was standardized against pure potassium dichromate 
and its value in terms of glucose was found to be 9.515 mg. 
per cc. In each series of determinations, blank runs were 
made in which distilled water replaced the sugar solution.

A concentrated stock solution of a high purity glucose 
containing 10.000 grams in 100 cc. was made the source of 
the glucose for all experiments. When 10 cc. of this were

A study has been made of the effect of the presence 
of fructose and glycine upon the determination of 
glucose by oxidation with alkaline iodine solution in 
the presence of sodium hydroxide, sodium  carbonate, 
and phosphate buffers.

The rate of oxidation is so rapid that the extent of 
condensation of the glucose and glycine is negligible 
under the conditions of the experiments, and there is 
no tendency for low results due to this cause if the 
solution is neutral when the analysis is begun.

The results obtained are always higher than those 
due to glucose alone because of reduction of iodine by 
the fructose and glycine.

Even if fructose may react im m ediately with the 
glycine, the compound has little  protective action  
against the oxidizing agent.

Of the various basic reagents used with iodine, 
sodium phosphate has a number of advantages and gave 
the m ost satisfactory results.
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T a b le  I— D e te r m in a t io n  o f G lu co se  In  P re s e n c e  o f F ru c to s e  a n d  G ly c in e  by  I o d o m e tr ic  M e th o d
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Al k a l i  U se d I n it ia l
pH

T im e
I n t e r v a l

C o n t e n t s  op  
25 cc . S o ln .

NaaSsOa U se d  

B lank SX f

NaîSîOi 
E q u iv . to  

Ij R e d u c e d

A pp a r e n t  G l u c o s e  F o u n d  
At t r ib u t e d  t o :

T o ta l G lucose  F ru c to s e  G lycine

Cc. M inutes M g. Cc. Cc. Cc. M g. M g. M g. M g.
A L K A L IN E  M E D IU M  P R O D U C E D  B Y  S O D IU M  H Y D R O X ID E

0 .5  jV N aO H  8 12.40 10 G lucose 100 
G lycine  25 
G lucose 100 
F ru c to s e  200 
G lucose 100 
G lycine  25 
G lucose  100 
F ru c to s e  200 
G ly c in e  25

25 .93  15.35
25 .93  24.83
25 .93  14.50

25 .93  14.66

25 .93  14.22

10.58
1.10

11.43

11.27

11.71

100.7  100.7
10 .5  . . .  . . .  10 .5

108.8 100.7 8 .1

107.2  100.7 . . .  6 .5  

111.4 100.7 10.7

A L K A L IN E  M E D IU M  P R O D U C E D  B Y  S O D IU M  C A R B O N A T E

15% Na,CO« 5 11.43 25 Glucose 100 25 .92 15.17 10.75 102.3 102.3
Glycine 25 25 .92 25.69 0 .2 3 2 .2 2 .2
Glucose
Fructose

100 ) 
200 i 25 .92 14.30 11.62 110.6 102.3 8 .3

Glucose
Glycine

100)
25 I 25 .92 15.10 10.82 102.9 102.3 0 .6

Glucose 100)
Fructose 200 ^ 25.92 14.39 11.53 109.7 102.3 7 .4
Glycine 25 S

A L K A L IN E  M E D IU M  P R O D U C E D  B Y  8 0 D IU M  P H O S P H A T E -S O D IU M  H Y D R O X ID E  M IX T U R E

25%  NajHPO« 10 11.48 60 Glucose 100 25 .95 15.46 10.49 9 9 .8 9 9 .8
+  12HjO Glycine 25 25 .95 25.49 0.46 4 .4 4 .4

0 .5  N  N aO H 5 Glucose
Fructose

100 \  
200 1 25 .95 15.36 10.59 100.8 9 9 .8 1 .0

Glucose
Glycine

100)
25} 25.95 15.20 10.75 102.3 9 9 .8 2 .5

Glucose 100)
Fructose 200 > 25 .95 15.22 10.73 102.1 99 .8 2 .3
Glycine 25 )

diluted to 250 cc., the solution was of a concentration such 
that 25 cc. then contained 100 mg. glucose. For the mixtures 
containing glycine and fructose, these reagents were added 
to the diluted glucose solution before it was made up to 
volume.

A sample of Pfanstiehl 90 per cent levulose was recrys
tallized from glacial acetic acid, washed with absolute alco
hol, and dried in a vacuum oven. The crystals were per
fectly white and the purity by polarization using Vosburgh’s
(11) formula was 99.7 per cent.

The purity of the glycine was first tested by observation 
of the melting point which was found to be 225-9° C. Re
ported values of 231-5° C. are given in the literature. How
ever, due to the fact that decomposition takes place near 
the melting point, the test is not very satisfactory. To 
confirm further the purity of the sample used with the sugars 
in the experimental work which follows, comparative tests 
of its reactivity with iodine solution were made upon five 
different samples of glycine from both natural and synthetic 
sources. One of these had been analyzed for amino nitrogen 
by the Van Slyke method and the theoretical value found. 
All showed practically the same reducing power toward 
iodine as that of the sample indicated in the table. I t  seems 
safe to conclude that the reducing action is due to glycine 
and not to any impurity in the samples. The fact that 
alanine and aspartic acid show a similar reactivity adds evi
dence to this conclusion.

As pointed out by Kolthoff (S) it was found necessary 
to mix the sugar and iodine solutions before adding the 
alkali. Twenty-five cubic centimeters of each were measured 
into glass-stoppered flasks and to the mixture the alkali was 
added. The time of making the mixture alkaline was con
sidered as zero time. The flasks were then stoppered and 
placed in the dark. After the reaction had proceeded the 
specified number of minutes, the solution was acidified with 
0.5 N  sulfuric acid and titrated at once with the standard 
thiosulfate solution. Details as to the amount and kind 
of alkali used, and the time allotted, as well as the results 
obtained, are tabulated in Table I.

Discussion

In Table I the same value for iodine reduced is assigned 
for the glucose of the sugar mixture as is obtained where 
glucose is present alone, and the difference from the total 
reduction obtained is attributed to the accompanying fruc
tose or glycine or both. This figure is given for the purpose 
of indicating the error only, since the presence of the amino 
acid or fructose probably alters the reduction value of the 
glucose itself, and even greater values than those which are 
attributed to the accompanying substances in the table, 
are likely due to them.

As shown in the first section, the error due to the fruc
tose and glycine is greatest when the alkalinity is highest 
and due to sodium hydroxide. In all cases the error is in 
the direction of high results rather than lower values as was 
anticipated. The glycine itself seems to have some reduc
ing action which may be analogous to the Hoffman hypo- 
bromite reaction. The time interval for the reaction with 
the sugar is such that oxidation takes place before the con
densation of glucose and glycine is appreciable. The fact 
that fructose combines immediately with amino substances 
may account for the decrease in the total reduction when 
both are present together with glucose, as is shown by the 
fact that the summation of the increments assigned to each 
is greater than the increment when both are present in the 
mixture.

T a b le  I I — R a te  o f O x id a tio n  o f G lu c o se  In  A lk a lin e  M e d iu m  P r o 
d u c e d  b y  S o d iu m  P h o s p h a te - S o d iu m  H y d ro x id e  M ix tu re  

Alkali used» 10 cc. 25%  NaiHPO« +  12HiO; in itia l pH . 11.48;
5 cc. 0.5 N  N aO H

-Na*S»Oj U se d
NaaS20i 

E q u iv a l e n t  t o  I* G l u c o se
T im e Glucose B lank R e d u c e d 0 P r e s e n t

M inutes Cc. C a C a M g.
0 25 .98 25.98 0 .0 0 0 .0

10 16.32 25.97 9 .65 91 ,8
20 16.05 25.97 9 .92 94 .4
30 15.65 25.95 10.30 98 .0
40 15.60 25 .95 10.35 98 .5
50 15.52 25.94 10.42 99.1
60 15.45 25.95 10.50 99 .9
75 15.39 25 .95 10.56 100.5
90 15.30 25.93 10.63 101.1
°  1 cc. “  9.515 mg. glucose.
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Although Colin and Lievin (2) in 1918 have used a phos
phate buffer in connection with iodometric sugar determina
tions, they have made no critical study of it. Most of the 
recent work has been with sodium hydroxide or sodium car
bonate. With the latter the brisk effervescence of carbon 
dioxide upon acidification increases the danger of loss of iodine 
by volatility. This fact, in addition to other favorable as
pects, led to an experiment as to the effect of the time interval 
upon the extent of oxidation of the pure glucose with the 
phosphate buffer. The results are given in Table II.

Conclusion

I t  seems safe to conclude that the presence of amino sub
stances will tend to give slightly higher values for glucose 
by the iodometric method and that the condensation reaction 
between the aldol sugar and amino acid will not have a signifi
cant effect unless the solution has been allowed to stand for 
some time in an alkaline condition before the analysis is made.

Such a situation might follow a defecation procedure as has 
been pointed out in a previous paper.

On the whole the phosphate buffer gives more satisfactory 
results than a carbonate buffer of the same pH. The re
sults vary but little over a considerable time interval; there 
is less danger of loss of iodine on acidification of the reaction 
mixture and less error due to the presence of fructose and 
amino substances.
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D eterm ination  of Phosphates in Presence of Silica 
in Boiler W ate r1

Elwood W. Scarritt

E l g i n  S o f t e n e r  C o r p o r a t i o n ,  E l g i n , I I I .

THE greatest source of error in the colorimetric deter
mination of phosphate in boiler waters and in other 
alkaline solutions is the interference of silica or sili

cate. Relatively minute quantities of silica cause the pro
duction of a blue color similar to the color due to phosphate. 
This interference has recently been noted by many workers 
in the boiler field. The present paper describes a method 
that minimizes this difficulty and produces reliable results in 
the presence of silica.

When the colorimetric method for phosphate determination 
was first used in this laboratory certain samples developed 
a clear blue color more like the blue of copper sulfate solu
tion than the characteristic violet-blue of the phosphate 
when treated with slightly acidified molybdate and hydro- 
quinone solutions, and subsequently neutralized with sodium 
carbonate in the presence of sodium sulfate. I t  had been 
suggested that iron interfered, but this was found not to 
be the cause of the clear blue color in the samples of boiler 
water, zeolite-softened well water, or certain untreated 
natural waters which contained no phosphate.

Investigation showed the color to be due to silica. The 
presence of silica also intensified the color due to phosphates 
in samples of known phosphate content, causing errors in 
the phosphate estimation as great as 100 per cent.

Since the blue color is proportional to the amount of phos
phate or silicate ion in solution in the sample, it was ob
viously necessary to remove the silicate if the phosphate 
was to be determined accurately. I t was not convenient to 
dehydrate or precipitate the silicate, but by acidifying to 
the right degree it was found possible to repress the ioniza
tion of the weak silicic acid to a point where it developed no 
noticeable blue color, while the stronger phosphoric acid 
remained sufficiently ionized to react with the molybdate and 
produce a blue color proportional in intensity to the concen
tration of phosphate present.

I t  is important to make up the phosphate standards 
with the same amount of acid used in testing the samples, as

* Received Septem ber 4, 1930.

the quantity of acid used influences the depth of color pro
duced.

Solutions Required
(1 ) Standard sodium phosphate, Na3P04.12 H20 —0.320 

gram per liter. 1 ml. =  2 p.p.m . P04 in 40 ml. H20.
(2) Sulfuric acid—600 ml. H20  plus 300 ml. 95% c . p . 

HsSO*.
(3) Ammonium molybdate, (NH*)S Moj0 2i.4H20 —92.3 

grams per liter plus 38 ml. concd. HjSOi.
(4) Hydroquinone, C6H6(OH)j—23 grams per liter plus 

5 ml. concd. H^O«.
(5) Alkaline sodium sulfite—183 grams NaOH +  16 grams 

N^SO» per liter H20.
Procedure

To a 40-ml. sample to be tested for phosphate, add 5 ml. 
sulfuric acid and mix thoroughly. Add 1 nil. of molybdate 
solution and 1 ml. of hydroquinone solution. Again shake vig
orously and allow to stand 5 minutes. Then add 15 ml. of the 
alkaline sodium sulfite. If phosphate is present a blue 
color will form which is then compared with standards of 
known PO4 content prepared in exactly the same way as the 
sample being analyzed.

For general laboratory analysis it is found convenient 
to make up standards of 5, 10, 20, 30, 40, and 50 p.p.m . 
In the boiler room, however, it is usually sufficient to prepare 
only two standards representing the upper and lower limits 
of allowable PO< concentration. If the color developed 
in the boiler water is less than 20, for example, more sodium 
phosphate should be fed. If the color is greater than 30, 
the addition of phosphate may be curtailed.

Large test tubes of uniform size or 100-ml. Nessler tubes 
will be found convenient for comparing the colors. The 
comparison should be made at once since the phosphate color 
begins to fade after about 10 minutes. There is also a tend
ency for the silicate color to appear if the sample is allowed to 
stand 5 to 10 minutes after neutralizing the acid with the 
alkaline sulfite solution.
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D eterm ination  of Copper in D airy  P roducts12

IN THE past, copper has 
been considered toxic or 
undesirable in foods, but 

today it is generally known 
that copper is an essential 
constituent of most plant and 
animal material, and that it 
plays an important role in life 
processes. This has been defi
nitely shown by the recent 
work by Hart and co-workers
(5) on the function of minute 
amounts of copper in foods in 
the cure of nutritional anemia.
This recent work has opened 
an important field for further 
studies of the functions of this 
element in life processes, and 
its distribution in living ma
terial.

However, in the manufacture of many foodstuffs, it is 
still desirable to keep the copper content at a minimum for 
technical, if not legal, reasons. This is especially true in 
the case of dairy products, where the detrimental effect 
of copper has long been known, but not fully appreciated 
until the recent work of Guthrie {4). A method for deter
mining the copper content of foodstuffs is therefore of general 
and current interest.

The method given in this paper was developed in connec
tion with experimental work to determine the solubility 
of copper in milk. However, the details evolved are appli
cable to the analysis of other foodstuffs and biological mate
rials. The method as given is a modification of the Elveh- 
jem-Lindow (8) method for the determination of copper in 
biological materials, which in turn was based on the method of 
Biazzo (2) for the copper determination in canned vegetables.

M ethods Previously Used

Recent work on the distribution of copper in foodstuffs 
and biological materials has become possible only through the 
development of the colorimetric methods which permit the 
estimation of minute amounts of copper in relatively small 
samples. Previous to this, electrolytic methods had been 
used most frequently, but for samples containing mere traces 
of copper these methods were unsatisfactory because of the 
large samples required to obtain a weighable deposit, and 
because of the other ash constituents which frequently inter
fered with the copper deposition.

The colorimetric methods which have been developed 
to overcome these difficulties have been used in analyses to 
determine the copper content of raw milk and the amount 
of copper dissolved by milk from dairy equipment. The 
potassium ethylxanthate method was adapted to the deter
mination of copper in milk by Supplee and Beilis (9) and this 
adaptation was used by King and Etzel (6), Quam and co
workers (7), and, in combination with the electrolytic method, 
by Rice and Miscall (8). The colorimetric method developed 
by Elvehjem and Lindow for the determination of copper in

1 Received M arch  28,1930; revised paper received Septem ber 24,1930.
* Published w ith the permission of the D irector of the Wisconsin Agri
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biological materials is more 
recent. I t  is based on the 
color reaction given by copper 
with potassium thiocyanate 
and pyridine, which is very 
specific, and the color in the 
chloroform solution is propor
tional to the am ount of 
copper present.

Observations Leading to 
Modified Method

The method of Elvehjem 
and Lindow was tentatively 
selected mainly because the 
reagents were available.

The accuracy of the method 
was tested by making a large 
number of recovery determi

nations; but the results were disappointing. Not more than 55 
to 70 per cent of the added copper was recovered, even when 
the directions of the method were followed in detail.

To find the cause of the losses of copper during the pro
cedure, efforts were made to induce more complete and 
rapid flocculation of the copper sulfide, but no improvements 
in the percentage of recovery were attained. Removing the 
iron and phosphate in the manner of Supplee and Beilis 
(addition of an excess of ammonium hydroxide to the ash 
solution and filtering) and making the colorimetric determina
tion directly on the concentrated filtrate did not give the de
sired recovery, thus indicating that copper was lost at some 
other step in the procedure.

When the copper was added to the milk ash solution, re
covery was greatly improved. This finding, together with 
the .observation that any attempt to obtain a whiter ash 
by using higher ashing temperatures and longer times was 
followed by lower results, called for improvement of the 
ashing procedure.

In further determinations the ashing temperature was 
confined to a range of between 510° and 565° C. Using this 
temperature, ashing was completed in about 3 to 4 hours. 
Under these conditions results given in Table I were obtained.
T a b le  I— C o p p e r D e te r m in a t io n s  In  S k im  M ilk  w ith  a n d  w i th o u t  

A dded  C o p p e r  U sin g  A sh in g  T e m p e r a tu r e  o f 510° to  565° C.

S am
pl e

S k im
M il k
U sbd

C o p 
p e r

A dd ed

C o l o r im e t e r
R r a d in o s C o p p e r

I n d ica ted

A dded
C o p pe r
R e c o v -

EREDS ta n d a rd “ U n k now n

Cc. Mg. M m . M m . Mg. %
1 250 0 .0 5 .00 12.27 0.041 91 .0

250 0 .0 5 .00 12.88 0.039
250 0 .16 13.00 9.98 0.130
250 0 .16 13.00 9 .87 0.132
250 0 .0 2 .90 10.50 0 .028  (0.0235)* 96.65^
250 0 .0 3 .45 11.53 0 .030  (0.0252)4
210 0.1« 10.00 8 .27 0.121

® Color s tandard  0.1 mg. copper in 5 cc. chloroform. 
b Copper added to  ash solution. 
c C opper added to  skim  milk before ashing. 
d F igured to  basis of 210-cc. m ilk sample.

The addition of 0.1 mg. copper to the ash solution of 
sample 1 increased the result of the analysis from 0.040 
to 0.131 mg., or an increase of 0.091 mg. This represents a 
recovery of the added copper of 91 per cent. In sample 2

H. T. Gebhardt and H. H. Sommer

D e p a r t m e n t  o f  D a iry  H u sba n d ry , U n iv e r s it y  o f  W is c o n s in , M a d iso n , W is ,

A new m ethod for the determ ination of copper in 
foodstuffs and biological m aterial has been devised.
It was found that the m ethod of Elvehjem and Lindow 
could be shortened considerably, the separation of 
copper sulfide improved, and the danger of losses in 
transfers m inim ized, by shaking out the precipitated  
copper sulfide w ith chloroform Instead of separating it 
by filtering. It was found that the ashing temperature 
and tim e used may be the source of large errors in  cop
per determ inations. The ashing temperature should  
not exceed 565° C. for 3 to 4 hours.

Detailed directions for the procedure, embodying 
precautions as to ashing conditions, and the modifica
tion m entioned, are given. The detailed m ethod as 
outlined gives results that agree closely with those 
obtained by the original Elvehjem-Lindow m ethod, 
when the latter is used with the necessary precautions 
as to ashing conditions.
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the addition of 0.1 mg. copper to the skim milk before ashing 
increased the result of the analysis from 0.02435 to 0.1210 
mg. copper, or an increase of 0.09665 mg. This represents a 
recovery of added copper of 96.65 per cent. These results 
indicate that the ashing procedure used had not caused the 
loss of any copper. The possibility of losing copper in 
ashing and the suitability of a low ashing temperature is 
further illustrated in Table II.
T a b le  I I — E ffec t of A sh in g  C o n d itio n s  o n  C o p p e r  D e te r m in a t io n s

W h o l e
M i l k °
U S B D

C o p 
p e r

A d d e d

A s h 
i n g

T e m p .

A s h 
i n g

T i m e

C o l o r i m e t e r
R e a d i n g s

C o p 
p e r

I n d i 
c a t e d

A d d e d
C o p p e r
R e c o v 

e r e d
S tan d 

ard  6
U n

known

Cc. Mg. °  C . Hrs. M m . M m . Mg. %
250 0 .0 700-840 3 1.00 7 .22 0.014
250 0 .1 700-840 3 5.00 11.22 0.045 31 .0
250 0 .0 510 8 3.00 8 .89 0.034
250 0 .1 510 8 5.00 4 .43 0.113 79 .0

° T he sam e m ilk was used throughout.
6 T he color s tandard  contained 0.1 mg. copper in 5 cc. chloroform.

From the results in this table it is clear that a large fraction of 
the copper may be lost in ashing due to high ashing tempera
ture or excessive time. The low percentage recovery of 
added copper, even where an ashing temperature of 510° C. 
was used, is due to the prolonged ashing, the results differing 
from those of Table I where the ashing time was 3 to 4 hours. 
I t  is probable that part of this loss is caused by the copper 
fusing with the silica dishes that were used, and part to 
volatilization.

With the importance of the ashing temperature and time 
recognized and carefully controlled, it was now decided to 
compare the original method of Elvehjem and Lindow with 
the modified form of this method, the modification consisting, 
as already stated, in the removal of the interfering iron 
and phosphate in the manner of Supplee and Beilis. The 
comparison of the results obtained by the two methods showed 
good agreement in a reasonably large number of experiments. 
On the average the original Elvehjem-Lindow method gave 
slightly higher results.

In the study to which this work on methods was incidental, 
both methods have been used, and both served quite well 
for the routine determinations, provided the precautions as 
to ashing temperature and time were observed. However, 
both methods require considerable time. The desire to 
shorten the time finally led to the use of chloroform to shake 
out the copper sulfide precipitated from the ash solution in
stead of allowing it to stand to flocculate, and then filtering.

Chloroform has been used for removing the colloidal 
copper sulfide to facilitate the reading of the end point 
in the volumetric titration of copper with ammonium sul
fide (/). I t was found that this procedure could be ap
plied advantageously instead of filtering for the removal 
of the copper sulfide precipitate from the milk ash solution. 
A considerable saving of time is effected and, as will be 
shown, there is no sacrifice in accuracy.

Method for Determination of Copper in Milk

A 250-cc. portion of the sample is carefully evaporated 
over a low flame in a quartz evaporating dish. The addition 
of 10 to 15 drops of glacial acetic acid prevents film formation 
and foaming, and thus hastens evaporation. After evapora
tion of most of the moisture, the drying is completed in an 
oven at 150° to 200° C. When the sample has been thor
oughly dried, as indicated by the caramelized or even charred 
appearance, it is transferred to an electric ashing furnace, the 
temperature of which should not exceed 565° C. The use of a 
pyrometer so that the ashing may be conducted at a known 
temperature is advisable. At this temperature ashing is usually 
complete in 3 to 4 hours, and a grayish white ash is obtained.

The ash is moistened with 4 cc. of dilute hydrochloric 
acid (1 to 1), and diluted to about 100 cc. with distilled 
water. To bring about complete solution, the solution in the 
quartz evaporating dish is heated and kept near the boiling 
point for about 20 minutes. It is then filtered, the dish and 
filter carefully washed with distilled water, and the filtrate 
and washings collected. The undestroyed carbon together 
with the filter paper is returned to the quartz dish and ashed 
for 30 minutes; the ash is dissolved in a few drops of dilute 
hydrochloric acid, diluted with distilled water, and warmed, 
filtered, and washed as before, the filtrate and washings be
ing added to the main ash solution.

The total ash solution, or an aliquot thereof, if the copper 
content is expected to be high, is evaporated to about 10 cc. 
and transferred to a 25-cc. volumetric flask. Complete 
transfer is aided by adding a drop of dilute hydrochloric 
acid (1 to 1) to the first rinsing, and by heating this solution 
to boiling. After cooling to about room temperature, hydro
gen sulfide is passed into the solution in the volumetric 
flask for 5 minutes through a capillary glass tube (a 4- or 
5-mm. glass tube drawn out to a capillary of about 1 mm. 
outside diameter). The capillary should not be immersed in 
the solution until the hydrogen sulfide has been turned on, 
to prevent the solution from rising in the capillary; for the 
same reason it is advisable to remove the capillary from the 
solution before shutting off the hydrogen sulfide. The out
side of the capillary is rinsed with 0.5 cc. of saturated hydro
gen sulfide water. The flask is stoppered and set in cold 
water or otherwise cooled to about 10° C. To this cooled 
solution containing the precipitated copper sulfide, 5 cc. 
of chloroform, which has previously been cooled to about 
10° C., are added, the flask is securely stoppered and shaken 
vigorously for about 1 minute. The flask is then set in cold 
water and the chloroform allowed to settle out. The water 
layer becomes perfectly clear, and the copper sulfide is now 
contained in the chloroform at the bottom of the flask.

The water solution is drawn off by means of a capillary 
tube, leaving enough to avoid the possibility of drawing out 
some of the chloroform. The remainder is diluted with 15 
to 20 cc. of cold, saturated hydrogen sulfide water, and this 
is again drawn out as completely as possible. This one wash
ing has been found sufficient in all cases; it can be omitted 
entirely if the aliquot does not represent more than the 
ash of 50 cc. of milk. The small amount of phosphate which 
is left in the solution in this case dissolves completely in the 
acetic acid added later in the colorimetric determination. 
Gas bubbles may make the removing of the water portion 
difficult if the temperature during the operations is too high.

I t is desirable to limit the volume of the ash solution 
to 10 cc. as directed above, so that after the addition of 
the chloroform there is ample space for thorough shaking. 
The capillary tube which is used to draw out the water solu
tion should not touch the side of the neck, because a fine film 
of chloroform containing copper sulfide usually covers the 
glass.

After the copper sulfide is shaken out with chloroform, 
the water solution drawn off, and the residue rinsed as di
rected, the chloroform is evaporated by placing the flask in a 
hot water bath for 10 minutes, increasing the temperature 
to boiling towards the end. The residue in the flask is 
dissolved by adding 1 cc. of concentrated nitric acid, placing 
the flask in the hot water bath for 20 minutes with occasional 
shaking to bring the acid in contact with the entire inside 
surface of the flask. The solution is then neutralized with 
dilute sodium hydroxide (200 grams in 1 liter of solution) 
so that the reaction is just alkaline phenolphthalein. The 
neck of the flask must be rinsed carefully to remove every 
trace of nitric acid (also oxides of nitrogen) which would 
interfere with the color reaction later. The indicator should
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not be added too soon, because the compound formed by the 
destruction of phenolphthalein by strong acid or alkali 
dissolves in chloroform with a yellow color, and thus inter
feres with the colorimetric determination even if present 
only in traces. In the above neutralization, the indicator 
may be added after the first permanent turbidity develops 
due to the precipitation of traces of phosphate remaining in 
the flask. When this point has been reached, one drop of 
dilute sodium hydroxide solution then usually suffices to 
make the solution just alkaline to phenolphthalein.

From this point in the procedure the colorimetric determina
tion as given by Elvehjem and Lindow is followed. To the 
neutralized solution in the flask, containing the dissolved 
copper sulfide, 1 cc. of glacial acetic acid, 1 cc. of a 10 per 
cent solution of potassium thiocyanate, and 10 drops of 
pyridine are added in the order given, with slight shaking 
after each addition. Finally 5 cc. of chloroform, accurately 
measured, are added, and the volume made up to the mark with 
distilled water. After thorough shaking, the chloroform has 
taken up the green copper-thiocyanate-pyridine compound. 
The water portion is then removed by drawing off with a 
capillary tube, and the chloroform solution is used for the 
colorimetric comparison with a standard in a suitable colorime
ter.
T a b le  I I I — R e s u lts  O b ta in e d  by  N ew  M e th o d  a n d  E lv eh je m -L ln d o w  
M e th o d  U sing  A sh in g  T e m p e r a tu r e s  of 510° to  565° C. a n d  A sh in g  

T im e s  o f 3 to  4 H o u rs

E l v e h je m -L in d o w N e w D e v ia t io n  o p  B
M e t h o d  (A) M e t h o d  (B) f r o m  A

A liquot Aliquot
Sam
p l e

taken Cop taken Cop
of per of per

Cop
Copper

ash detd . Cop ash detd. detd . Cop
soln. in per soln. in per in per

of 250 ali of 250 ali aliquot
cc. quot cc. quo t

milk milk

Mg. M g./l. M g. M g ./l. Mg. M g ./l.
1 0 .25 0.054 0.864 Vi 0.054 0.864 0.000 0.000
2 0 .25 0.251 4.016 V i 0.251 4.016 0.000 0.000
3 0 .25 0.226 3.616 V i 0.263 4.208 + 0 .0 3 7 0 0.592
4 0 .40 0.050 0.500 V i 0.053 0 .530 + 0 .0 0 3 0 0.030
5° 0 .20 0.048 0.480 0.049 0.490 + 0 .0 0 2 5 0.025

V» 0.052 0.520
6° 0 .25 0.054 0.432 V i 0.055 0.440 + 0 .0 0 1 5 0.012

V i 0.056 0.448? a 0 .2 5 0.104 0.832 V i 0.103 0.824 + 0 .0 0 0 5 0.004
V i 0.105 0.848

8° 0 .25 0.065 0.520 V i 0.067 0.536 + 0 .0 0 7 5 0.060
V i 0 .078 0.624

9 0 .2 5 0.041 0.656 V i
V i

0.043
0.044

0 .688
0.704

+ 0 .0 0 2 5 0.040

10 0.25 0.019 0.304 V i 0.020 0.320 + 0 .0 0 1 5 0.024
0.021 0.336

11 0 .25 0.096 1.536 V i 0 . 103 1.64S + 0 .0 1 1 0 0.168
V i 0 .110 1.760

12 0 .40 0.070 0.700 V i 0.072 0.720 + 0 .0 0 2 0 0.020
V i 0.036 0 .720

13 0 .25 0.094 1.504 Vi 0.104 1.664 + 0 .0 1 0 0 0.160
14 0 .25 0.073 1.168 V i 0.066 1.056 - 0 .0 0 7 0 0.120
15 0.016 0.051 12.750 V m 0.047 11.750 — 0.0040 1.000
16 0 .02 0.047 9.400 V » 0.050 10.000 + 0 .0 0 3 0 0.600

° 500 cc. milk had  been used for ashing.
& Sam ple was tu rb id  and  colorim etric readings less exact. This ac

counts for wide discrepancy in results. W ith  am ounts of copper as in sam 
ples 2 and  3, tu rb id ity  is likely to  develop in 5-cc. chloroform solution. E x 
a c t poin t a t  which th is  occurs varies w ith tem pera tu re  and  salts present.

The standard for comparison is made from a stock solution 
made by dissolving 0.3928 gram of pure crystalline copper 
sulfate, CuS0<.5H20, in distilled water and diluting to 1 
liter. This stock solution contains 0.1 mg. of copper in each 
cubic centimeter. In making up the standard for com
parison, enough of this stock solution should be used so that 
the standard contains approximately the same amount of 
copper as the unknown. If the copper content of the un
known is from 0.05 to 0.15 mg., take 1 cc. of the stock solu
tion, add 1 cc. of glacial acetic acid, 1 cc. of 10 per cent po
tassium thiocyanate solution, and 10 drops of pyridine, and 
proceed as already described for the unknown sample. The 
standard for comparison will finally consist of 5 cc. chloro
form with an amount of copper-thiocyanate-pyridine eom-

pound dissolved in accordance with the amount of stock 
solution used.

In working at low room temperatures, the colorimetric 
comparisons are frequently seriously influenced by the tend
ency of the standard to become turbid. Slight warming 
will cause the standard to become clear, but on cooling it 
again becomes cloudy. This difficulty may be overcome 
entirely by adding 1 cc. of concentrated nitric acid in making 
up the standard; the solution is then neutralized to phenol
phthalein with dilute sodium hydroxide before adding the 
glacial acetic acid, potassium thiocyanate and pyridine, 
and shaking out with chloroform.

Comparison of New Method with Elvehjem-Lindow  
Method

Before the method, as outlined above, was finally adopted 
for the routine analyses in the problem under investigation, 
the copper content of a number of samples of milk, contami
nated by varying amounts of copper, was determined by 
both methods. These results are given in Table III.

When the results given in this table are compared, it 
it must be considered that minute amounts of copper are 
being dealt with and that the final determinations are by 
colorimetric comparisons. In view of.this, it may be con
cluded, first, that the results obtained by the two methods 
agree closely, and, second, that the results obtained by method 
B are slightly higher in the majority of cases and in the aver
age. This slightly higher result by method B must be 
expected because there is obviously less opportunity for 
losses by transfers in method B, and because it was observed 
that the chloroform removed additional copper sulfide from 
the filtrate of the copper sulfide precipitation as used in 
method A.

From the above, and from results of recovery determina
tions made with the new method, and as shown in Table IV, 
it is apparent that the modifications introduced in the new 
method do not impair the accuracy of the original method. 
The advantages of the new method appear to be the saving 
of considerable time, reduced danger of contamination and 
of losses in transfers, and more complete separation of the 
copper sulfide.

T a b le  IV— C o p p e r D e te r m in a t io n s  in  M ilk  w ith  a n d  w i th o u t  A dded  
C o p p e r  U sin g  A sh in g  T e m p e ra tu re s  o f 510° to  565° C.

C o p 
p e r

A sh ed
to

M il k

C o l o r im e t e r
R e a d in g s C o p  Ad d ed

S am
PLE

- M il k  
As h e d S ta n d a rd U n 

know n
re a d 
in g

p e r
I n d i

C o p p e r
R ec o v 

C op- R ea d -  
p e r  ing

ca ted e r e d

Cc. Mg. M g. M m . M m . Mg. %
1 250

250
250

0 .00
0 .10
0 .10

0 .0 5  10.0 
0 .1 0  10.0 
0 .1 0  10.0

12.22
7.34
6.47

0.0409
0.1363
0.1545

95 .4
113.6

2 250
250
250

0 .00
0.15
0 .2 0

0 .1 0  2 .0  
0 .1 0  10.0 
0 .1 0  10 .0

14.00
6 .73
4.S5

0.0143
0.1487
0.2062

89 .6
96 .0

3 250
250
250
250

0 .0 0
0 .10
0 .10
0 .05

0 .0 3  10 .0  
0 .1 0  10 .0  
0 .1 0  10.0 
0 .1 0  8 .0

11.39
8.50
8.37

10.56

0.0264
0.1177
0.1195
0.0758

91 .3
93 .1
9 8 .8
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E lectro ly tic  D eterm ination  of Lead as 
Lead D ioxide1

W. T. Schrenk and Philip H. Delano

M i s s o u r i  S c h o o l  o p  M i n e s  a n d  M e t a l l u r g y ,  R o l l a , M o .

The electrolytic m ethod for the determ ination of lead 
has been studied and the best results were obtained 
when the following conditions were observed: The sample 
should be electrolyzed for V /i  to 2 hours with a current 
of 3 amperes and placed on the board at a temperature 
of 90° C. The anodes should be sand blasted and clean 
and the am ount of lead present between 5 and 150 mg. 
The solution should contain from 20 to 30 per cent free 
nitric acid and about '/< cc- of sulfuric acid. Interfering 
elem ents should be absent.

The effects of interfering im purities were investigated  
and silver, bism uth, m anganese, tin, arsenic, antimony, 
mercury, chrom ate, and phosphate were found to cause

poor results. If these elem ents are present In any great 
am ount, a separation should be made before electrolyzing. 
Potassium, sodium, ammonia, calcium, m agnesium, cad
m ium , copper, zinc, and iron were found to have no effect 
unless the solution contains large am ounts of the salt.

The precision of the m ethod was determined. It was 
found that the average variation obtained was less than  
0.2 mg. provided the lead content of the sample is between 
5 and 150 mg. Samples of higher lead content can be run 
but the error is usually somewhat larger. The error is 
practically always negative. The theoretical factor should  
always be used with this method in order to avoid low re
sults.

THE electrolytic method for lead has been adopted as a 
control method especially for ores in which the lead 
content is less than 7 per cent. The method is rapid 

and accurate under certain conditions but variations in condi
tions produce erratic and irregular results which may check 
each other but will not check the true lead content.

Because of this fact a thorough study of the conditions 
affecting the electrolytic deposition of lead dioxide was 
undertaken. The following factors may affect the determina
tion of lead: (1) apparatus, (2) temperature, (3) time of 
electrolysis, (4) concentration of acid, (5) current, (6) amount 
of lead present, (7) added reagents, and (8) type of material 
analyzed.

Apparatus and Solutions

A slight modification of the apparatus first used by Guess (1), 
and further described by Holmes and Morgan (2), was used 
in this work. A diagram of the apparatus is given in Figure 
1.

The anodes should be made of 0.005-inch (0.0127-cm.) sand 
blasted sheet platinum. Sleeves of rubber tubing placed 
over the split terminals furnish contact pressure to hold the 
anodes and cathodes in place. The cathodes are firmly held 
in place by an additional bakelite sleeve placed over the end 
of the terminal. The cathodes are stiffer and last longer 
if crimped as shown. The terminals should be of rolled 
hard drawn aluminum in order to resist the acid fumes to 
which they are exposed. The base may be either cast or 
machined but the terminals should be welded to it to insure 
against poor contact. The wiring should be so arranged that 
any number of cells may be removed from the board without 
disturbing the remaining cells. The wiring in the diagram has 
this advantage.

Lead nitrate was prepared by dissolving pure lead in nitric 
acid. The solution was filtered through a quartz filter, and 
precipitated wnth concentrated nitric acid. The recrystalli
zation was repeated several times and the salt dried. Solu
tions of known lead content were prepared from this purified 
lead nitrate and checked gravimetrically by the sulfate 
method. *

» Received Septem ber 5, 1930. Presented before th e  Division of 
R ubber Chem istry a t  th e  80th M eeting of the  American Chemical Society, 
C incinnati. Ohio, Septem ber 8 to  12, 1930.

Preliminary Procedure

In the preliminary experiments the conditions were selected 
which had been recommended by other workers and had been 
used in this laboratory. All factors were held constant save 
one which was varied and the effect of this variable was 
studied. The procedure at first used was to take a suitable 
weight of the sample and digest with 20 cc. of nitric acid. 
When brown fumes ceased to be evolved, 15 cc. of a satu
rated solution of ammonium nitrate was added and the 
solution boiled for approximately 1 minute. The sample 
was then diluted with cold water and electrolyzed for l 1/* 
to 2 hours. If a pure lead solution were used instead of a
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standard sample, the procedure was approximately the 
same.

Effect of Time and Temperature

The usual value for current with the type of anodes used 
in these experiments is 3 amperes (a current density of about 
7 amperes per square decimeter), giving good results in 
IV2 to 2 hours. I t was found that complete deposition 
in the cold could only be secured by electrolysis over a period 
of 8 or more hours, the slowness of deposition being due to 
the plating of lead on the cathode. Electrolysis of a solution 
at an initial temperature of 90° to 95° C. yielded a quantitative 
deposition of lead in a period of IV2 to 2 hours. The tem
perature during this time dropped to about 50° C. The
lead is not completely deposited from the solution if the 
high temperature is maintained during the electrolysis.

T a b le  I— E ffect o f T im e  a n d  T e m p e ra tu re  
Conditions of experim ent: 140 cc. soln.; 30 cc. H N O 3 ; 3 am peres

Gram
P bO t ta k e n ..............................................................................  0.0288
Average of 8 determ inations (cold) l 1/ t  h o u rs......................  0.0254

M axim um  deviation from average ........................................  0.0003
E rro r .................................................................................. ...........  0.0034

PbOa ta k e n ...............*.•••..................................................................  0.0250
Average of 6 determ inations (cold) 8 h o u rs ...........................  0.0249

M axim um  deviation from average ........................................  0.0002
E rro r ...................................................................................... 0.0001

PbO i ta k e n ..............................................................................  0.0250
Average of 22 determ inations (hot) l 1/* h o u rs .........  0.02501

M axim um  deviation from average .............................  0.0002
E rro r ..................................................................................... 0.00001

These results, given in Table I, indicate that the tem
perature is one of the most important factors in the elec
trolysis of a lead solution. Results in the cold are poor 
unless a long period of electrolysis is used, while results 
with a hot solution are very good in IV2 to 2 hours. The 
experiments also brought out the fact that checking results 
could be obtained under practically all conditions, even 
though all of the lead was not deposited from the solution. 
This emphasizes the fact that checking results do not mean 
quantitative results.

T a b le  I I — E ffect o f A m m o n iu m  N itr a te ,  
S u lf u r ic  A cid

Conditions of experim ent: 140 cc. soln.; 90° C.
PbO i
T a k e n

PbOa
F ou nd NH<NOa HNOa H 2SO4

Gram Gram Cc. Cc. Cc.
0.0025 0.0009 10
0.0025 0.0016 20
0.0025 0.0014 30
0.0250 0.0096 10
0.0250 0.0238 20
0.0250 0.0250 30
0.115Ö 0.1125 15
0.1156 0.1148 30
0.01S8 0.0182 30
0.0469 0.0454 30
0.1407 0.1351 30
0.0188 0.0175 Í5 30
0.0469 0.0452 15 30
0.1407 0.1384 15 30
0.01S8 0.01S7 30 8 drops
0.0469 0.0470 30 8 drops
0.1407 0.1410 Í5 30 8 drops
0.28S7 0.2864 30
0.2887 0.2S06 Í5 . 30
0.2887 0.2876 30 8 drops
0.2887 0.2878 Í5 30 8 drops
0.1156 0.1155 30 0 .5  cc.
0.1156 0.1156 30 1 .5  cc.
0.1156 0.1154 Í5 30 1 .5  cc.
0.1156 0.1155 15 30 2 .5  cc.
0.1156 0.1156 30 2 .5  cc.
0.1156 0.10S0 Í5 30 5 cc.
0.1156 15 30 30 cc.

N itr ic  A cid , a n d  

2 hours; 3 am peres 

R e m a r k s

Slight scaling 
Scaling increased

Very low results 
N o deposit

Effect of Acid Concentrations

The series of experiments to determine the effect of acid 
concentrations brought out the fact that complete deposition 
is best secured when from 20 to 30 per cent free nitric acid 
is present. A series of experiments was run to determine 
the effect of sulfuric acid and the sulfate ion. From 0.25 
to 0.5 cc. of sulfuric acid aided the deposition materially

by giving a firmer and more coherent deposit and increasing 
the amount of lead dioxide which could be quantitatively 
determined. A concentration of sulfuric acid in greater 
amounts than 2.5 cc. produces incomplete deposition. The 
concentration of sulfate ion produced by the addition of 
sodium sulfate, potassium sulfate, or calcium sulfate pro
duced the same effect as did sulfuric acid. When running a 
sulfide ore there is always a little sulfate present, either 
from the original ore or formed by the action of the nitric 
acid during the solution of the sample. This sulfate probably 
explains the excellent results usually obtained in the elec
trolytic analysis of sulfide ores.

In these experiments, noted in Table II, it was demonstrated 
that ammonium nitrate is not essential and in larger amounts 
tends to produce scaling. Also it has been found that satis
factory results are obtained when the electrodes are dried 
rapidly on a hot plate or in an oven at a temperature between 
150° and 200° C. The anodes are removed from the hot 
plate as soon as dry.

Interfering Elem ents

The effect of certain salts on the deposition of lead dioxide 
was studied. The salts were those which might be obtained 
in the solution of a lead ore. Calcium nitrate, cadmium 
nitrate, zinc nitrate, potassium nitrate, sodium nitrate, 
cupric nitrate, ferric nitrate, and perchloric acid were without 
effect when sulfuric acid was present.

Certain elements, however, do interfere with the deter
mination. An investigation of the effects of silver, bismuth, 
arsenic, antimony, mercury, manganese, tin, ehromate, and 
phosphate shows them to be harmful to the determination. 
Some of these impurities deposit with the lead while others 
prevent deposition or cause scaling of the lead dioxide deposit. 
In any case in which these elements are present in an amount 
large enough to cause trouble, a separation must be per
formed. Traces of these impurities may be present with
out the production of any appreciable interference. The 
results of this investigation are given in Table III.

A small amount of ehromate does not harm the determina
tion so that it would be possible to precipitate lead from 
solution as lead ehromate, redissolve, and deposit electro- 
lytically as lead dioxide.

T a b le  I I I — E ffect of I n te r f e r in g  E le m e n ts
C o n d itio n s  o f ex p e rim en t: 30 cc. H N O a; 1 .5 -2

cc. H 2SO 4 ; 9 0° C .; 140 cc.
I m p u r it y W e ig h t  o p  P b O i P b O ï
P r e s e n t I m pu r it y T a k e n F o u n d

Gram Gram Gram
As 0 .0 0 5 0 0 .0 1 0 0 0 .0 0 6 4

0 .0 1 0 0 0 .0 5 0 0 0 .0 4 1 6
M n 0 .0 3 0 0 0 .0 1 0 0 0 .0 1 0 8

0 .0 2 0 0 0 .0 5 0 0 0 .0 5 0 4
S ca ling  w ith  la rg e  a m o u n ts  o f M n

Bi 0 .0 0 5 0 0 .0 5 0 0 0 .0 5 2 4

0 .0 1 0 0 0 .0 5 0 0 0 .0 5 5 0
0 .0 5 0 0 0 .0 5 0 0 S caling

S n 0 .2 5 0 0 0 .0 5 0 0 0 .0 5 5 2
0 .5 0 0 0 0 .0 5 0 0 0 .0 5 9 0

S b 0 .0 1 0 0 0 .0 5 0 0 0 .0 5 2 0
0 .1 0 0 0 0 .0 5 0 0 0 .0 4 9 4

A g 0 .0 1 0 0 0 .0 5 0 0 0 .0 5 0 6
0 .1 0 0 0 0 .0 5 0 0 0 .0 5 1 0

H g 0 .0 1 0 0 0 .0 5 0 0 0 .0 4 2 6
0 .1 0 0 0 0 .0 5 0 0 0 .0 4 2 2

CrO< 0 .0 5 0 0 0 .1 1 5 6 0 .1 1 5 7
0 .2 5 0 0 0 .1 1 5 6 0 .1 1 6 8
1 .0 0 0 0 0 .1 1 5 6 0 .1 1 8 6

H jPO* 1 cc. 0 .0 5 0 0 V ery  low
5 cc. 0 .0 5 0 0 N o  d ep o s it

N aiH P O « 0 .0 5 0 0 0 .1 1 5 6 0 .1 1 4 7
0 .2 5 0 0 0 .1 1 5 6 0 .1 1 0 0
0 .5 0 0 0 0 .1 1 5 6 0.09  SO

0.25

D eposit with PbOi loosens 
deposit

D eposit w ith PbO i m ay 
loosen deposit

Deposits w ith Pb02 

Hg on cathode holds Pb 

Occluded

Am ount of Lead

The amount of lead which may be quantitatively deposited 
was determined and the data presented in Table IV and 
Figures 2 and 3. These indicate that the method gives
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excellent results when the lead content of the sample is be
tween 5 and 150 mg. Within this range the average error 
of the method is less than 0.2 mg. of lead. When the sample 
contains less than 5 mg. of lead, low results are obtained. 
Should the lead content of the solution be more than 150 
mg., as much as 1 mg. of lead may remain in solution.

F ig u re  2

Other workers have recommended factors less than theo
retical. According to this the method should give high 
results when the theoretical factor is used, but in these 
experiments high results were never obtained unless some 
interfering element, such as bismuth or tin, were present. 
The factor lead taken over lead dioxide deposited, is always 
0.8662 if the proper conditions are observed. Hydrogen 
sulfide was used to test, for the complete deposition of lead 
and_only traces were found after electrolysis.

T a b le  IV— D e p o s itio n  o f V a rio u s  A m o u n ts  of PbO i 
C onditions of experim ent: 140 cc. soln.; 0.25 cc. H 2SO*; 2 hours; 3 

am peres; 90° C .; 35 cc. HNOa
PbO* PbO j N o. o p A v e r a g e

T a k e n F o u n d D e t n s . D e v i a t i o n

Gram Gram Gram
0.0015 0.0000 2
0.0020 0.0010 3
0.0025 0.0012 5 0.0013
0.0030 0.0022 1 0.0008
0.0035 0.0028 1 0.0007
0.0040 0.0036 5 0.0004
0.0045 0.0044 1 0.0001
0.0050 0.0049 4 0.0001
0.0075 0.0076 2 0.0001
0.0100 0.0100 2 0.0000
0.0250 0.02501 22 O.OoOOl
0.1156 0.11555 18 0.00005
0.1732 0.1727 5 0.0005
0.2309 0.2295 3 0.0014
0.2887 0.2876 5 0.0012
0.3464 0.3451 4 0.0013
0.4041 0.4024 5 0.0017

Procedure

The procedure as finally adopted and recommended for use 
when^there is no interference from other elements is as fol-

PbO , C on to** o f  S o lu t io n

F ig u re  3

lows: A sample, the amount depending upon the per cent of 
lead, is weighed into an ordinary 150 cc. electrolytic beaker, 
30 to 35 cc. of nitric acid are added, and the sample is boiled

until brown fumes cease to be evolved. The sides of the 
beaker are washed and 0.25 cc. sulfuric acid added. The solu
tion is boiled again for 1 to 2 minutes, diluted to 140 cc., and 
heated to a temperature of 90° C. It is then electrolyzed for 
2 hours at 3 amperes. The anodes are removed from the 
board, washed in water, alcohol, dried rapidly in an oven or on 
a hot plate, cooled, and weighed. The weight of lead dioxide 
deposited is equal to the per cent of lead when a factor weight 
of the sample has been used. When interfering elements are 
present, it is necessary to perform a separation before electro
lysing.

In applying this method to the analysis of lead concentrates 
it is usually best to take a one-fourth factor weight sample. A 
one-half factor weight sample may be run but the error is 
usually greater. Care must be taken to assure a homoge
neous sample. In some instances it is necessary to grind 
the sample to pass a 200-mesh screen before satisfactory 
results can be obtained.

This is illustrated by the data given in Table V.

T a b le  V— A n aly sis  of L ead  C o n c e n tr a te s
O r ig in a l  S a m ple S a m ple S a m ple

100-M e s h 150-M e s h 2 0 0 -M e s ii

% % %
5 1 .7 6 5 3 .8 8 5 3 .9 2
5 3 .7 6 5 3 .6 8 5 3 .9 2
5 3 .9 6 5 3 .6 0 5 4 .0 4
5 3 .9 2 5 3 .7 6 5 3 .8 8 «
5 4 .4 6 5 3 .8 8 5 3 .8 4 °
5 3 .7 2 5 4 .0 8 5 3 .8 4 «
5 3 .4 4 Av. 5 3 .9 1  *
5 3 .4 8
5 4 .4 6
5 3 .4 2
5 3 .9 0
5 3 .9 0

° R un by A. W. Holmes, B ureau of M ines.
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Determination of Hydrogen Sul
fide in Refinery Still Gases1

A. R. Scharnagel and A. W. Trusty

L o u i s i a n a  O i l  R e f i n i n g  C o r p o r a t i o n , S h r e v e p o r t ,  L a .

r PH E  iodine titration method has always been a standard 
* method for the determination of hydrogen sulfide, but 

with refinery still gases this method is inaccurate because 
of the reaction of the gaseous unsaturated hydrocarbons 
with the iodine. The following method has been used in 
our laboratory: 100 cc. of 0.1 N  acid lead nitrate is placed 
in a Fisher gas washing bottle or any convenient scrub
ber. The gas to be tested is passed through the bottle and 
metered with a gas meter, or a known volume of water 
is displaced. A second wash bottle with 100 cc. of 0.1 N  
lead nitrate is placed directly after the first wash bottle. 
With the slightest discoloration of the second bottle, the rate 
of flow of the gas is reduced to insure all of the hydrogen 
sulfide being caught in the first bottle. The second bottle 
is useful also when testing a gas in which the quantity of 
hydrogen sulfide is unknown, as the second bottle will be an 
indicator when the first bottle becomes spent.

The first bottle is filtered, made up to volume, and aliquot 
portions titrated with ammonium molybdate solution. 
With convenient factors on the solutions, the method is 
rapid and accurate.

1 Received N ovem ber 3, 1930.
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Proposed M odification of O xygen Consum ed 
M ethod for D eterm ination  of Sea W ater P o llu tion1

H. K. Benson and J. F. G. Hicks, Jr.

U n i v e r s i t y  o p  W a s h i n g t o n ,  S e a t t l e , W a s h .

IN USING the standard 
method (2) for the deter
mination of pollution in 

briny w aters, considerable 
difficulty was experienced in 
this laboratory in obtaining 
a sharp end point. Also re
sults were not consistent with 
the known pollution in given 
sam ples and the values

By applying the Zim m erman-Reinhardt reaction to 
alkaline perm anganate consum ption, an easy and 
reliable m ethod for the estim ation of pollution in sea 
water is obtained.

Each set of determ inations m ust be calibrated 
against the blank sam ple of the purest sea water in the 
locality of the pollution.

The m ethod may be correlated w ith other m eans for 
the detection of pollution such as the biochemical 
oxygen demand, bacteria, and plankton.

were several fold too high.
Table I shows the variations obtained in samples of sea 
water from several bays of Puget Sound. These samples 
were all taken by means of a deep sea tester at a uniform 
depth of 10 feet. The biochemical oxygen demand was 
determined after 5 days’ incubation in a thermostat at 
25° C., and computed to a 20-day basis by use of the sewage 
factor 0.68.

T a b ic  I— V a r ia tio n s  in  P o l lu t io n  D a ta

ion by the permanganate ion 
in acid solution occurs to a 
variable degree dependent 
upon time, temperature, and 
concentration factors. How
ever, at times it was found 
possible to check aliquot 
parts of the same sam ple 
within 2 or 3 p. p. m. of 
oxygen by allow ing an

S a m p l e B. O .D .
O x y g e n  C o n s u m e d  

b y  K M n O < C h l o r i d e s

M g./liter M g./liter M g./liter
1 1.82 18.54 14,750
2 3.49 17.89 14,200
3 0.87 20.29 14,184
4 2 .75 17.45 15,905
5 2.21 14.76 15,975
6 4 .15 29.34 16,110
7 1.82 13.13 16,075
8 5.88 19.60 15,150

T a b le  I I —•C o m p a riso n  of R e s u lts  by  O ld a n d  N ew  M e th o d s
S a m p l e N e w  M e t h o d O l d  M e t h o d

1

M g./liter
B L A N K  S E A  W A T E R  B E F O R E  IN C U B A T IO N

13 .0

M g./liter

37 .4
2 12.8 46.4
3 12.7 45 .0
4 12 .5 49 .0
5 12.7 40 .5
Av. 12.7 43.7

A F T E R  IN C U B A T IO N  F O R  96 H O U R S  A T  23° c.
1 6 .8 38 .3
2 6 .7 27.8
3 6 .7 28 .5
4 7 .0 20 .2
5 6 .8 34.2
Av. 6 .8 33 .0

D IG E S T E R  L IQ U O R  D IL U T IO N S  A F T E R  96 H O U R S ’ IN C U B A T IO N  A T  2 3° C.

R a t i o  L i q u o r  t o  S e a  W a t e r

1:1000 7 4 .5  SO.9
7 3 .5 S I .9

1:5000 2 1 .7  40.1
20 .7  23 .2

1:10000 14.6 34 .3
1 3 .5 30 .8

1:50000 7 .2  40 .3
7 .2  25 .3

D IG E S T E R  L IQ U O R  D IL U T IO N S  A F T E R  24 H O U R S ’ IN C U B A T IO N  A T  2 3 ° C .

1:7500 25 .2  38 .2
25 .2  36 .2

1:30000 16.1 36 .2
15.9 37 .2

I t  is evident that no correlation exists between the or
ganic content of these samples as measured by the biologic 
and permanganate oxygen consumptions, respectively. The 
differences are rather suggestive of slight variations in tech
nic which would permit other reactions than the oxidation 
of organic matter to proceed. In the presence of iron as a 
catalyzer it seems probable that the oxidation of the chloride

* Received Septem ber 10, 1930.

a rb itra ry  length of time 
(20 seconds) from the addition of a single drop of perman
ganate (in back titrating) until the disappearance of its 
color. Even so, the values obtained for oxygen consumed 
appear much too large.

In order to enable the accurate reproduction of results 
in a given sample and to limit the reaction more nearly to 
the oxidizable organic matter contained in sea water, use is 
made of the Zimmerman-Reinhardt (5) method for the 
titration of permanganate in the presence of hydrochloric acid.

Proposed Procedure

The digestion is carried out in exactly the same mannei- 
as in the standard method (2). The modification lies . în 
the determination of unconsumed permanganate. After 
digestion, the sample is acidified with 25 ml. of the preventa
tive solution containing manganous sulfate, sulfuric acid, 
and phosphoric acid. Immediately thereafter 10 ml. of 
standard ferrous sulfate solutions are added. The sample
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is brought to room temperature and standard permanganate 
added until the addition of one drop changes the solution 
from colorless to light pink. This end point is sharp enough 
so that two identical samples may be checked within 0.02 
ml. Tenth normal permanganate standardized against either
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iron wire or sodium oxalate is used. The iron solution con
tains ferrous ammonium sulfate and sulfuric acid in concen
trations of 0.1 N  and 0.3 N, respectively. The preventative 
solution contained 67 grams of MnSO<.4H2(), 138 ml. of 85 
per cent phosphoric acid, and 130 ml. of sulfuric acid (concd.) 
diluted to the volume of 1 liter.

The comparison of this method with the standard method 
is given in the determinations, used in Table II, which utilized 
various dilutions of waste liquor from sulfite digesters in 
sea water obtained from Seattle harbor.

With this constancy of results it is obvious that the oxygen- 
consumed values may be used to indicate the concentrations 
of sulfite liquor when it is known that it is the polluting 
agent in sea water. By making up the various dilutions 
and taking the mean of five determinations on each dilution 
the results used in Table III were obtained.

T a b le  I I I — O xygen C o n su m e d  w ith  S u lf ite  L iq u o r  a s  P o llu t in g  A g en t
D i l u t i o n  o f  L i q u o r  i n  O x y g e n  C o n s u m e d  O x y g e n  C o n s u m e d  b y

S e a  W a t e r b y  M i x t u r e D i g e s t e r  L i q u o r

M g./liter M g./liter
Blank 11.3 0 .0
1:1000 73.7 62.4
1:5000 32 .8 21.5
1:7500 23 .7 12.4
1:10,000 18.3 7 .0
1:30,000 13.7 2 .4
1:50,000 11.5 0 .2
1:100,000 11 .3 0 .0

When these values are plotted against concentrations the 
resulting curve (Figure 1) is either identical or nearly so with 
that obtained by dividing the 5-day biochemical oxygen 
demand (3) by the sewage factor 0.68 commonly used to 
express complete biological oxygen consumption. Inasmuch 
as Rudolfs (4) has shown that there is a direct relation be
tween the biochemical oxygen demand, bacteria, and plank
ton, it would seem that the oxygen consumed as determined 
by this modified method correlates with the other factors 
ordinarily used for detection of pollution.

Abbot (1) has proposed a modified acid dichromate absorp-

tion test as a more sensitive index of oxidizable matter than 
the permanganate absorption test. His values of the per
centage oxidation of various organic substances range from 
98 per cent in the case of sodium oxalate to 66 per cent for 
gelatin. To ascertain the degree of completion of oxidation of 
organic substances somewhat similar to lignin and the other 
components of digester liquor, the following compounds were 
submitted to the modified permanganate consumed test: 
vanillin, tannic acid, starch, sucrose, and pyrogallol. Com
plete oxidation is defined according to the following reactions:

Vanillin: 
Tannic acid: 
Starch: 
Sucrose : 
Pyrogallol:

C,H80 ,  +  17 (O)— 
CuHioOa +  24 (O)- 
C,H,o0 6 +  12 (O )-  
CuHjsOii +  24 (O)- 
C,H,Os +  12 (O)—

> 8 C 0 2 +  H 20  
—M 4 C 0 2 +  5H20  
-M ico:, +  5H20  
—>12CO, +  11 HjO 
> 6 C 0 2 +  3H20

After making correction for the oxygen consumed by the 
blank, the results given in Table IV were obtained by the 
modified method.

T a b le  IV— M odified  P e rm a n g a n a te  C o n su m e d  T e s ts
W e i g h t  o f O x y g e n  R e q u i r e d C o m p l e t e

S u b s t a n c e S a m p l e Theoretical Actual O x i d a t i o n

Gram Gram Gram %
Vanillin 0.0159 0.0285 0.0282 9 9 .0
Tannic  acid 0.0056 0.0067 0.0044 65 .5
Starch 0.0527 0.0626 0.0451 72 .0
Sucrose 0.0408 0.0446 0.0372 83 .5
Pyrogallol 0.0130 0.0196 0.0152 77 .5

From the similarity of these substances to those present 
in digester liquor it would be reasonable to expect that their 
oxidation is from 85 to 90 per cent complete.
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Modified Ford-W illiam s M ethod1
L. H. James

R e o  M o t o r  Co., L a n s i n g ,  M i c h .

THE following procedure is applicable to the determi
nation of manganese in high chrome-nickel alloys which 
are practically insoluble in nitric acid. Such alloys 

are, however, soluble in nitro-hydrochloric acid.
If either the persulfate or bismuthate method is used for 

determining the manganese in nickel-chrome alloys soluble 
only in nitro-hydrochloric acid, it is necessary to remove 
the hydrochloric acid by fuming with sulfuric acid and the 
chromium with zinc oxide. The only difficulty encountered 
in this procedure arises from the fact that the complex sul
fates formed often dissolve very slowly after dilution with 
water. The insolubility of these chromium sulfates probably 
increases with the temperature and time of fuming, although 
rather startling variations have been met with in regard to 
the time required to dissolve the sulfates formed, while work
ing with the same alloy under like conditions.

The Ford-Williams method is the only other practical 
alternative method used to determine the manganese in such 
alloys. I t  is not necessary to separate the chromium in this 
method, but the hydrochloric acid must be removed by at 
least two evaporations with nitric acid to a sirupy consistency.

1 Received Septem ber 3, 1930.

Evaporations of this kind are always somewhat troublesome 
and time-consuming.

The proposed method eliminates the objectionable features 
of the above-mentioned procedures if the alloy is insoluble 
in nitric acid, as it is easily carried out, reasonably accurate, 
and much faster than the methods usually employed. How
ever, if the material to be analyzed is soluble in nitric acid, 
obviously the following modification cannot be used to any 
advantage as the Ford-Williams method in its present form 
has always been recognized as entirely reliable.

Method

Weigh 2 grams of sample into a 500-cc. tall form beaker. 
Add 15 cc. of hydrochloric acid (sp. gr. 1.19), 5 cc. of nitric 
acid (sp. gr. 1.42), and 20 cc. of water. Boil until dissolved 
and add 20 cc. of perchloric acid (60 per cent). Continue 
to boil until the perchloric acid fumes and insoluble salts 
start to separate. Cool, dissolve in 30 cc. of nitric acid (sp. 
gr. 1.42), and heat just to boiling. Add a few crystals of 
sodium chlorate in order to avoid excessive foaming and 
then precipitate with four additions of 2 grams each of sodium 
chlorate adding each portion after the effervescence produced
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by the last addition has about ceased. This precipitation 
properly carried out should take about 20 minutes during 
which time the solution should always be saturated with 
free chloric acid in order to precipitate the manganese com
pletely. If the solution is overheated at this point, the 
sodium chlorate decomposes too rapidly and the manganese 
may not be entirely precipitated. Remove the solution from 
the hot plate before the effervescence from the last addition 
of sodium chlorate has entirely ceased, filter on an asbestos 
pad with suction, and wash thoroughly with water. I t is 
not necessary to allow the solution to cool and settle before 
filtering although it does no harm. Transfer the pad to the 
beaker in which the precipitation was made and wash any 
adhering manganese dioxide from the funnel into the beaker 
with 100 cc. of water. Dissolve the manganese dioxide in 
20 cc. of 0.1 N  ferrous sulfate containing 100 cc. of sulfuric 
acid (sp. gr. 1.84) per liter, and titrate back to a permanent 
pink end point with 0.1 N  potassium permanganate.

Calculate the manganese by means of the following formula:

Per cent Mn [(/l X B) -  C] X 0.2747 X D
Weight of sample 

= cc. of 0.1 N  ferrous sulfate
=  permanganate solution equivalent of the 0.1 N  sulfate 
= ec. of 0.1 N  potassium permanganate 
= normality factor of 0.1 N  potassium permanganate

In order to estimate the accuracy of this method, the 
manganese in two stainless steels containing approximately
1.5 per cent silicon, 8 per cent chromium, and 22 per cent 
nickel, was carefully determined by both the persulfate and 
bismuthate methods, after separating the chromium with

zinc oxide. The average percentage obtained from four 
determinations on each steel was assumed to be the correct 
manganese content of these two samples which are designated 
in the table as 1 and 2.

D e te r m in a t io n  o f M a n g a n e se  In  E ig h t  S a m p le s

S a m p l e
M a n g a n e s e  O b t a i n e d M a n g a n e s e

P r e s e n t1 2 3 4 Av.

% % % % % %
1 0.85 0.S1 0.81 0.83 0 .83 0 .83
2 0.49 0.50 0 .49 0.51 0 .5 0 0.51

12c 0.41 0.39 0 .3 8 0 .43 0 .4 0 0.409
72 0.64 0 .64 0 .65 0.62 0.64 0.651
32a 0 .25 0 .24 0 .2 5 0 .24 0 .25 0.244
306 0 .49 0 .48 0 .48 0 .50 0 .49 0.499
10c 1.12 1.15 1.14 1.13 1.14 1.13
7a 0 .42 0.41 0 .42 0.42 0 .42 0.446

The manganese in five Bureau of Standards standard steel 
samples and one iron (7a) was also determined and included 
in this table in order to compare further the accuracy of the 
above method with the commonly used procedures. The 
results on iron (7a) were obtained without separating the silicon 
or graphitic carbon.

Four determinations on each sample were run at the same 
time without employing any more care or refined apparatus 
than is ordinarily used to obtain reasonably accurate re
sults in routine steel work. The theoretical titer was used 
as shown in the preceding formula to calculate the results 
thus obtained, which were tabulated without rejecting the 
percentages obviously inaccurate. These values, however, 
considered as a whole would be closer to the theoretical per
centages if multiplied by 1.02 as an empirical factor.

Investigation of A m m onium  A cetate Separation of 
Sulfates of Lead, Barium , and Calcium 1

Wilfred W. Scott and Sam uel M. Alldredge

U n i v e r s i t y  o p  S o u t h e r n  C a l i f o r n i a , L o s  A n g e l e s . C a l i f .

A METHOD commonly given by standard texts upon 
quantitative chemical analyses for separating lead 
from barium and calcium depends upon the solubility 

of lead sulfate and the insolubility of barium and calcium 
sulfates in ammonium acetate solution. It is the intention 
of this piece of work to test out that method as regards its 
completeness of separation.

Previous Investigations

In speaking of the precipitation of lead as a sulfate in 
the determination of lead in ores and metallurgical products, 
Treadwell and Hall (7) claim that the precipitate of lead sulfate 
containing silica and barium sulfate (also strontium and some
times calcium sulfate) can be purified by redissolving the 
lead in hot ammonium acetate solution. They suggest 
that the lead extraction be made with 20 cc. of hot 2 N  am
monium acetate.

Low (2) suggests the use of ammonium or sodium acetate 
solution in dissolving lead sulfate. He would titrate the 
lead solution with standard ammonium molybdate solution 
while the calcium remains out of solution.

In the analysis of fluorspar Sisco (6) claims that lead and 
barium sulfates are separated by the acetate extraction using 
a 20 per cent solution of ammonium acetate.

Scott (3) considers the barium sulfate slightly soluble in
1 Received A ugust 12, 1930.

ammonium acetate and hence a possible contaminant of 
the extracted lead.

The problem has two main parts—namely, (1) is barium 
extracted with the lead; and (2) is calcium extracted with 
the lead when ammonium acetate, hot and concentrated, is 
used upon a precipitated mixture of the sulfates of lead, 
barium, and calcium?

A subdivision of the problem, however, of minor impor
tance was added by the claim of Majdel (3) that the separa
tion of lead from barium in the presence of barium, by pre
cipitating both components with sulfuric acid and dissolving 
lead sulfate in ammonium acetate, is not possible as the 
double salt of lead and barium sulfate is formed which is 
insoluble in ammonium acetate, and, therefore, a part of the 
lead remains with barium. The error is greater as the ratio 
of barium to lead increases. In proportion of Pb:Ba as 
1:0.6,9 per cent lead remains in the undissolved barium sulfate ; 
as 1:1, 45 per cent; as 1:2, 88per cent; asl:7 , lOOpercent; 
and is thereby lost. The separation must be accomplished, 
therefore, with hydrogen sulfide.

The ratio of 1 lead to 100 barium was taken. The pre
cipitated mixture of their sulfates was extracted ten times 
with boiling 50 per cent ammonium acetate as given below. 
The filter and its residue then were boiled with 100 cc. of 
50 per cent ammonium acetate until spattering commenced. 
Fifty cubic centimeters more of ammonium acetate were 
added, the mixture heated to boiling and allowed to settle.
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E x p e r im e n ta l  D a ta

D e t e r m i n a t i o n

(1) (2) (3) (4) (5) (6) (7) (8) (9) U0) (11) (12) (13) (14) (15)
Solution of am m onium  acetate ,

per cent 50 50 50 50 50 . 50 50 50 25 25 50 H ot
w ater

H o t 50 
w ater

50
N um ber of extractions made 6 6 6 6 8 8 8 8 8 8 12 8 8 8 8
Volume used in each extraction, cc. 25 25 25 25 25 25 25 25 25 25 30 25 25 25 25
Lead in sam ple, gram 0.0200 0 .0200 0 .0200 0 .0200 0 .0200 0 .0200 00 .020 0.0200 0.0200 0.0200 0.0100
Lead in ex tract, gram 
Lead extracted , per cent

0.0199 0.0200 0.0199 0 .0199 0.0199 0 .0198 0 .0198 0.0199 0.0198 0 .0198 0.0095
99.5 100 99.5 99 .5 99.5 99 .0 99 .0 99 .5 99 .0 99 .0 95 .0

Barium  in sam ple, gram 0.0100 0.0100 0.0200 0.0200 0 .0800 0.0800 0 .0900 0.0900 0 .0600 0.0600 1.000
Barium  extracted None None None None None None None N one None None
Calcium in sample, gram 0.0100 0.0100 0.0200 0.0200 0.0800 0.0800 0 .0900 0 .0900 0 .0600 0.0600 None 0.0600 0 .0600 0 .0600 O.Ó6Ó(
Calcium  ex tracted , per cent 3 .37 3 .62 0 .66 0 .77 8 .50 5.00 26 .3 3 5 .3  3 .16 19. ;

It was then filtered, the filtrate being passed into the filtrate 
of the first ten extractions. The results of tliis extraction 
may be found under column 11 of the data.

In all extractions the filter paper with its precipitated 
sulfates was transferred to a casserole, 25 cc. of concentrated 
ammonium acetate added, and heated to boiling. The 
acetate solution was filtered through a Swedish filter paper. 
This was repeated six or eight times until the paper in the 
casserole and funnel did not darken when touched with a 
rod containing a drop of hydrogen sulfide solution. The 
filter paper in the funnel was washed four times with hot 
water and squeezed well to remove all liquid.

Method of Procedure

Known mixtures of lead nitrate, barium nitrate, and cal
cium carbonate are dissolved in water acidulated with nitric 
acid. An excess of sulfuric acid is added to the mixture and 
taken to sulfuric acid fumes. This is cooled, diluted, filtered 
on Swedish filter paper, and washed well with water con
taining 10 per cent sulfuric acid. The filter paper with 
its residue is placed in a casserole and extracted with 30 cc. 
of hot, concentrated ammonium acetate, and the solution de
canted through filter paper. This extraction is repeated until 
the filtrate indicates no lead when a drop of the filtrate is 
put in some potassium chromate solution. I t  requires 
about six to eight extractions to get negative tests for lead 
on the filtrate.

Filtrate I .  T h is  contains th e  lead 
and  possibly som e of th e  barium  
and  calcium . T he filtra te  is m ade 
fa in tly  acid w ith hydrochloric acid 
and  hydrogen sulfide is passed 
th rough i t  for 30 m inutes. I t  is then 
heated  on a  steam  b a th  for sam e 
period of tim e and  filtered.
Filtrate I I .  C ontains barium  and  
calcium . T his filtra te  is evaporated  
nearly  to  dryness and  th e  sulfides 
dissolved in  th e  least am oun t of 
hydrochloric acid, and  th e  excess 
acid expelled by  evaporation . T he 
residue is tak en  up  in 300 cc. of 
w a ter contain ing  5 drops of acetic 
acid . Sufficient am m onium  ace ta te  
solution is added to  m ake th e  solu
tion  neu tra l. An excess of p o tas
sium  chrom ate  solution is added 
a fte r heating  th e  solution to  boiling. 
T he solution is allowed to  settle  
u n til cold. I t  is filtered through  a 
Gooch crucible.

Filtrate I I I .  C ontains calcium. 
T o  the  n eu tra l solution a fte r heating 
to  boiling, 10 cc. of acetic acid are 
added and  15 cc. of a  sa tu rated  
solution of oxalic acid, and  a fte r 
5 m inutes, a  slight excess of am 
monia. I t  is allowed to  cool an  
hour, then  decanted  through  a filter. 
T he  p rec ip ita te  is ignited w et in a 
weighed crucible and  strongly heated 
to  constan t weight. I t  is weighed 
as calcium  oxide.

Residue I .  C ontains m ost of the  
barium  and calcium. This was 
discarded in th is  problem.

Residue I I .  C ontains th e  lead as 
a  sulfide. T h is residue is washed 
well w ith  w ater sa tu rated  w ith 
hydrogen sulfide gas. I t  is then 
trea ted  w ith ho t hydrochloric acid 
and  then  n itric  acid and heated  to 
boiling. T en cubic centim eters of 
concentrated  sulfuric acid are added 
and  the  solution evaporated to  
strong sulfuric acid fumes. I t  
is cooled, diluted w ith w ater, and 
filtered on an  asbestos m at in a 
weighed Gooch crucible. The resi
due is washed w ith dilu te  sulfuric 
acid and  w ith alcohol, and dried a t  
a  dull red  h eat. I t  is weighed as 
lead sulfate.
Residue I I I .  C ontains barium  as 
a  chrom ate. I t  is washed w ith a 
d ilu te  potassium  chrom ate solution 
u n til free of calcium  and with w ater 
u n til free of potassium  chrom ate. 
I t  is then  washed once with dilute 
alcohol, dried a t  110° C ., and 
weighed as barium  chrom ate.

R e su lts

The data of the first ten columns (of the table of experimen
tal data) are the result of twenty-two determinations on lead. 
If the lead did not check with the amount in the original 
sample, the sample was discarded and another one begun. 
In case the amount of lead sulfate ran high, further heating 
sometimes brought the amount of lead down to the amount 
in the sample. The general tendency, however, was for the 
lead to run low. The work was done with extreme care. 
Each sample was weighed separately and carefully. Consider
ing the slight solubility of lead sulfate and the small amount 
of lead in the sample, a slight loss of lead is to be expected, as 
is shown in the table.

Outstanding Findings of the Work

(1) In a ratio of calcium to barium of 1 to 1: (a) all lead is 
extracted, (b) no barium is extracted, (c) as much as 8.5 
per cent of calcium is extracted.

(2) In a ratio of calcium to barium of 1 to 9.3, no barium 
is extracted.

(3) In a ratio of lead to barium of 1 to 100, 95 per cent of 
lead is extracted.

Conclusions

(1) Lead may be separated from barium by ammonium 
acetate extraction of their sulfates, the barium not passing 
into the lead solution in appreciable amounts.

(2) Lead cannot be separated entirely from calcium by 
ammonium acetate extraction, the calcium passing into the 
lead solution in considerable quantity.

(3) The amount of calcium passing into the lead solution 
seems to depend upon certain physical factors not in control 
of the operator. The writers suggest these as possible 
factors: the time required in filtering each extract, the 
amount of cooling during filtration, small changes in the 
density of the acetate solution during boiling.

(4) As the amount of barium is increased there seems to 
be an increasing difficulty in extracting all the lead. This 
may be due to physical occlusion of the lead sulfate by the 
barium sulfate or to the formation of a definite lead-barium 
salt which is insoluble. The writers are inclined to believe 
from the data in column 11 of the table that this noticeable 
difficulty may be due to occlusion.

(5) Less calcium is extracted in the presence of lead and 
barium than when it is the only constituent of the sulfate 
precipitate.
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M easurem ent of D rillability  of Fertilizers1
Arnon L. Mehring

F e r t i l i z e r  a n d  F i x e d  N i t r o g e n  I n v e s t i g a t i o n s ,  B u r e a u  o p  C h e m i s t r y  a n d  S o i l s ,  W a s h i n g t o n ,  D. C .

THE term drillability is 
used to denote the re
sultant of all the prop

erties of fertilizers that affect 
the manner in which they 
flow. The p roperties  and 
therefore the disabilities of 
different fe rtilize rs  vary 
widely and the drillability of 
even the same fertilizer is apt 
to change from time to time 
with variations in external 
conditions (4). The drilla
bility of a fertilizer affects its 
flow from most distributors 
in two ways: I t determines
(1) the quantity of fertilizer 
that will be applied on any 
given field with a fixed set
ting of the mechanism, and (2) 
the degree of uniformity or 
quality of its distribution.

For maximum efficiency fertilizers must be applied uni
formly (/) and at the proper rate. These conditions are 
difficult, if not impossible, to obtain at present. A method 
of measuring drillability would facilitate obtaining desired 
rates of application and thus lead to greater efficiency in the 
use of fertilizers.

With a little experience good and poor drillability in a 
fertilizer can be distinguished just as readily as hot and cold 
weather, but small differences in drillability like small differ
ences in temperature and humidity can only be detected by 
instruments.

A search of the literature has revealed only one method (3) 
for measuring drillability. This was devised by Doctor 
Wichern in Germany and is intended only for superphos
phates. The apparatus used is shown in Figure 1. To 
make a determination, 25 grams of superphosphate previously 
passed through a 2-mm. sieve are placed in each bowl and 10 
glass marbles, weighing exactly 100 grams, are placed on top 
of each sample. The reciprocating motion of the apparatus 
causes the marbles to roll back and forth until they finally 
pack the fertilizer into a cake which will not fall from the 
bowl when it is inverted. The time required to do this is used 
as the measure of the drillability of the superphosphate.

This apparatus distinguishes between superphosphates of 
satisfactory and unsatisfactory drillability and assigns numeri
cal values to the drillability which is very desirable. I t  will 
not, however, work satisfactorily with certain kinds of fer
tilizers, nor give a numerical value that can be relied upon 
with superphosphates of the best drillability. Three samples 
tested by it in this laboratory showed no signs of packing 
after one hour although all the conditions laid down for the 
test were rigorously met. They did pack down, however, 
after still longer periods of time. The drillability of a fer
tilizer depends to a large extent upon its content of moisture 
and very fine particles. These also determine the length 
of time required to pack the sample in the apparatus, but

1 Received O ctober 9, 1930. Presented  before th e  Division of F e rti
lizer C hem istry  a t  th e  SOth M eeting  of th e  American Chem ical Society, 
C incinnati, Ohio, Septem ber 8 to  12, 1930.

under the conditions Of this 
test both the moisture and 
fine powder content are apt 
to change very greatly dur
ing the test. The amount of 
exposure to the air in the 
screening, w eighing, and 
shaking is so great in pro
portion to the size of the 
sample that unless already 
approximately in equilibrium 
with the atm osphere, its 
moisture content is bound to 
change. Thus the length of 
time required to pack the 
sample may depend upon the 
relative humidity of the at
mosphere much more than 
upon the condition of the ma
terial being te s ted . The 
amount of fine powder in the 

sample is usually increased during the determination because the 
marbles have much the same effect as the balls in a ball mill. 
Thus a granular superphosphate may be reduced to an impal
pable powder in this apparatus and when this occurs the sample 
will pack tightly, although it would not pack tightly so long 
as it remained in a granular condition. The length of 
time required for packing depends upon the original size 
and hardness of the particles, which may or may not affect 
the drillability.

To be of greatest value a method of measuring drillability 
should apply to all kinds of fertilizers and over the entire 
range of drillability, give reliable results that can be du
plicated, be easily and quickly carried out, and not involve 
the use of equipment that is expensive or difficult to procure. 
This paper gives a method for measuring the drillability of 
fertilizers which promises to meet these requirements.

Theoretical Considerations

Drillability consists of two elements, the rate of flow 
(unit of mass per unit of time) through a fixed opening, and 
the degree of uniformity of flow when subjected to a given 
amount of force. This force in all fertilizer distributors 
except the top delivery type consists of two components in 
varying proportions according to the type of mechanism. 
These components are the pressure supplied by the dispensing 
mechanism and the force of gravity.

In the top delivery type the rate of delivery is independent 
of the force of gravity, and thus all fertilizers are delivered 
at the same rate when calculated on a volume basis. Applica
tion rates, however, are computed by weight per unit of area, 
and on this basis rates by the top delivery type of distributor 
vary with the apparent specific gravity of the fertilizer. 
There is no flow in the hopper of the top delivery type and 
therefore the rate of delivery on a weight basis can be deter
mined if only the apparent specific gravity of the fertilizer 
is known.

The vast majority of distributors now in use deliver the 
fertilizer from an orifice at the bottom of the hopper. With 
this type the fertilizer flows to the delivery opening and the

The drillability of a fertilizer affects its flow from  
m ost distributors in  two ways: It determines (1)
the quantity of fertilizer that will be applied on any 
given field w ith a fixed setting of the m echanism , and 
(2) the degree of uniform ity or quality of its distribu
tion. The comparative rate of flow of a fertilizer under 
a given force m ay be determined if its angle of repose, 
apparent specific gravity, and average particle diameter 
are known. Of these the angle of repose is of greatest 
and particle size of least importance. Under the con
ditions prevailing in the field application of ordinary 
fertilizer the effect of particle size is often negligible. 
The angle of repose of a fertilizer is also an indication  
of the degree of uniform ity attainable w ith distributors 
in its application to crops. Directions are outlined for 
measuring the angle of repose, apparent specific gravity, 
and average particle diameter of fertilizers. A m ethod  
is given by which a coefficient of the rate of flow of the 
fertilizer may be obtained by substituting these three 
m easurem ents in  an equation.
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F ig u re  2—E a sily  C o n s tr u c te d  a n d  C o n v e n ie n t A p p a ra tu s  fo r  
M e a s u rin g  A ng le  of R ep o se  o f F e r t i l iz e rs

between the calculated and observed time required for a given 
weight of any material to flow was no greater than the ex
perimental errors involved in determining the time and it is 
therefore concluded that measurements of the angle of repose, 
apparent specific gravity, and average particle size are suffi
cient to determine completely the comparative rate of flow 
of a fertilizer.

Although Equation 1 gives excellent results for materials 
that flow by gravity, it does not hold good for those that re-.

delivery rate with a given setting of the quantity-regulating 
devices depends upon the angle of repose, apparent specific 
gravity, and average diameter of the particles composing the 
mass.

The kinetic angle of repose is the slope which a substance 
forms with the horizontal when it has come to rest after being 
carefully poured into a pile. I t measures the point at which 
the forces tending to continue the flow exactly balance the

Measurement of Rate of Flow

The factors that affect the rate of flow of a subdivided 
solid are the coefficient of friction, apparent density, and 
size of the particles composing the mass. Rates of flow of 
fertilizers that have low angles of repose may be determined 
directly by measuring with a stop-watch the time required 
for a definite weight of material to flow by gravity from a 

specially constructed funnel. Many fertilizers now 
in use, however, will not flow by gravity alone so 
that this method is of limited usefulness. Al
though a machine could be devised to exert con
stant pressure upon them and thus cause most ma
terials to flow, yet certain of the materials that flow 
well by gravity alone do not flow at all when sub
jected to pressure in such a machine. The ma
terial is crushed or the machine is broken. The 
only method so far known that will apply to all 
fertilizer materials and mixtures is the use of a 
formula, requiring measurements of the angle of 
repose, the average particle diameter, and the 
apparent density of the fertilizer.

In a previous study (2) of the flow of masses of solid par
ticles as the result of the force of gravity the following for
mula was derived:

t =  g [34.6 +  (67.4 +  444 sin >/i <t>)
(JD/B +  0.130 — 0.161m) ] (1)

where I is the time in minutes required for 100 grams to flow 
through an orifice, n is the kinetic coefficient of friction or 
natural tangent of the angle of repose, B is the diameter of the 
orifice in millimeters, d is the apparent specific gravity of the 
material, <j> is the vertical angle of the hopper bottom, and 
D the average diameter of the particles in millimeters. The 
rates of flow calculated for various materials by use of this 
equation agreed remarkably well with experimentally deter
mined rates. The materials included a number of fertilizers, 
sand, lead shot, various seeds, marbles, etc., and thus em
braced a wide range of physical properties. The variation

F ig u re  1—W ic h e rn  A p p a ra tu s  fo r  M e a s u rin g  D rilla b ill ty  of S u p e rp h o s p h a te s

forces opposing the flow, or in other words, the friction be
tween the particles. The effect of cohesion caused by the 
presence of moisture and of very small particles, and part of 
the effect of specific gravity on the rate of flow also affect 
the angle of repose. The rate of flow of comminuted solids 
and consequently the delivery rate of fertilizers by most 
distributors varies inversely with the angle of repose. No 
flow from an orifice can be caused by gravity alone when the 
kinetic angle of repose is greater than 45 degrees, but fertilizer 
distributors in operation exert pressure upon the material 
being dispensed by means of paddle wheels, revolving plates, 
or other devices. This pressure increases the rate of flow 
and thus many distributors can dispense materials with angles 
of repose considerably higher than 45 degrees.

Rate of flow varies directly with the apparent specific 
gravity. With most fertilizer distributors the variations in 
rate of delivery caused by differences in apparent specific 
gravities are less than those caused by differences in the 
angles of repose.

Average particle size is not an appreciable factor in the 
rate of flow of materials when they are not in a confined space, 
as, for example, when poured from a vessel or flowing down an 
inclined chute. I t becomes important when the flow is in a 
confined space and the diameter of the particles approaches 
in size that of the opening through which they flow. Most 
materials fail to flow through an opening with a diameter 
less than 5 times the average diameter of its particles. Under 
field conditions the effect of size of the particles of the fer
tilizer on rate of delivery is often negligible.

The second element of drillability is the degree of uniformity 
of distribution. Irregular distribution of a homogeneous 
fertilizer is caused, first, by the fact that cohesion of the par
ticles of the mass is greater than the forces available for 
separating them, and second, by various mechanical imper
fections in the distributor. The irregularities caused by 
cohesion may be measured by the angle of repose of the mate
rial.

lyteasurements of the temperature, relative humidity, and 
wind velocity of the atmosphere are each important in inter
preting the weather, but no simple means exists for measuring 
the effect of all these simultaneously so that a single figure 
will answer for all purposes. Drillability, like the weather, 
cannot be completely measured by a single determination, be
cause it is composed of two elements. These, as explained 
before, are the rate of flow and degree of uniformity of 
flow.
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quire pressure to flow. Empirical Equation 2, however, 
appears to be satisfactory for all fertilizers.

t = ~ r d [ 34.6 +  (07.4 +  444 sin»/»<t>) ( d /B  +  ̂ ? )  ]  (2)

For all materials that will flow by gravity t is the actual 
time consumed. Although t is a hypothetical figure when 
measurements of a material that will not flow by gravity are 
substituted in the equation, it nevertheless has a value corre
sponding to the delivery rates actually given by distribu
tors.

F ig u re  3—P ro p e r  P o s itio n  of P o u r in g  V essel in  R e la t io n  to  Apex 
of C one

The values of t may be used as coefficients of rate of flow if 
arbitrary values are assigned to B  and 4>. If this is done the 
same values should be used by all who employ the method so 
that the results of one worker may be compared with those 
of others. For this purpose B = 15 and <̂> = 60 degrees 
seem reasonable since these figures represent about average 
conditions found in the use of fertilizer distributors. Other 
values might answer equally well, t in Equations 1 and 2 
was the time in minutes required by 100 grams to flow. When 
the above values are substituted in the Equation, t is gen
erally a fraction with a zero in the first decimal place. It 
would therefore be more convenient to change the formula so 
as to obtain T, the time necessary for 1 kg. of fertilizer to 
flow. By making these changes we get Equation 3.

r -S7lWj[34-6 + 28,)-4 (f5+2f-5)] |
T  may be considered as a coefficient of rate of flow. De

tailed instructions for obtaining the values of ¡j, d , and D 
follow.

M e a s u r e m e n t  o f  A n g l e  o f  R e p o s e —A  method employ
ing a simple and convenient device, illustrated in Figure 2, 
has been used for a number of years in the Bureau of Chemis
try and Soils (4) for making kinetic angle of repose measure
ments where an accuracy of =¡=0.5 degree was sufficient.

For more accurate work the following method may be used: 
The sample should be measured preferably in the same room 
in which it has been stored, since it is apt to be more nearly in 
equilibrium with this than with some other atmosphere. 
About 5 pounds is a convenient amount to measure but it 
need not be weighed, since after taking the sample no time 
should be lost in making the determination. About three- 
fourths of the sample should be rapidly but carefully poured 
into a conical heap upon a rigid and approximately level 
surface, such as a table, placed out of all drafts or air currents.

The balance of the material must be poured slowly and very 
carefully. The final pouring may be done from an Erlen- 
meyer flask or cylinder held as shown in Figure 3, and slowly 
rotated so that a very thin stream of material will fall from a 
distance of no greater than 5 mm. directly upon the apex of 
the cone. If the pouring is too fast or from too great a height 
the velocity acquired by the particles will reduce the slope 
of the pile and the resulting determination will be too low. 
The pile must not be touched or jarred in any way. If this 
does occur accidentally more material may be added to the 
pile until the effects of the disturbance are obliterated. With 
a few fertilizers the pile mil build up rapidly and then slump 
down followed by a repetition of these events in a cyclic 
manner. When this occurs the cone should be measured as 
nearly as possible at its highest point in the cycle. The apex 
of the cone should be as sharp as possible. The height of this 
pile divided by the average radius of its base is the coefficient 
of friction of the material, ¡i, or the tangent of its angle of 
repose. From this value the angle of repose may be found 
in a table of natural tangents. I t may also be measured di
rectly with a protractor level such as is commonly used by 
machinists and carpenters. The face of the instrument 
shown in Figure 4 was extended for greater accuracy by at
taching a strip of metal to it. To make a measurement the 
limb of the protractor should be clamped in a level position 
in a ring stand. The face of the protractor should then be 
made to coincide in direction with the slope of the cone in 
the manner shown in Figure 5, but care must be used that it 
does not touch the pile. The angle of repose is then read off 
from the scale on the instrument. If the material is homo
geneous and the pouring has been properly done, the angle 
will be the same wherever it is measured. On the other 
hand, heterogeneous mixtures will give variable angles and a 
sufficient number of measurements on different parts of the 
pile must be made and averaged to secure a true mean value. 
In every case at least four readings should be averaged for a 
determination.

F ig u re  4— P r o tr a c to r  Level U sed  fo r  M e a s u r in g  A ng le  of R e 
pose o f F e r ti l iz e rs .  T h e  F a c e  W as E x ten d e d  by  S c rew in g  a  S tr ip  
o f M e ta l  to  I t

Mixtures containing particles varying in size and specific 
gravity when poured into a pile in the manner described 
above sometimes produce cones with dished sides, as shown 
in Figure 6. The slope is steeper near the apex than it is 
near the base. Large round particles also may roll be
yond the real base of the cone. The proper slope to meas
ure is that of a line connecting the apex and any point in the 
circumference of the base.

Duplicate readings made as above on materials with



January 15, 1931 INDUSTRIAL AND ENGINEERING CHEMISTRY 37

angles of repose up to 45 degrees made by different operators 
or the same operator at different times on the same material 
should agree to within 0.5 degree. The degree of accuracy 
varies with the size of the pile measured as shown by Table I. 
The angle of repose becomes increasingly difficult to measure 
accurately as its value is raised above 45 degrees although 
approximate measurements may be made up to values of 
about 65 degrees. For practical purposes it is usually suffi
cient to know the angle of repose to the closest whole number. 
With some distributors it is impossible to secure satisfactory 
distribution of materials with angles of repose of 55 degrees 
or above. The minimum value for a fertilizer material en
countered in this laboratory is 22 degrees. The average 
mixed fertilizer when measured in the manner described 
above has an angle of about 40 degrees.

T a b le  I— E ffec t o f S ize  o f S a m p le  u p o n  A c cu racy  o f A ngle  o f R ep o se  
M e a s u re m e n ts  

M e a s u r e m e n t  M e a s u r e m e n t
W e i g h t  o f  b y  F i r s t  b y  S e c o n d

S a m p l e  O p e r a t o r  O p e r a t o r

Pounds Degrees Degrees
1 3 4 .6  3 4 .1
5 3 4 .5  3 4 .3

25 34 .3 1  3 4 .3 7
200 3 4 .3 9  34 .3 7

2000 3 4 .3 8 0  3 4 .3 7 5

M e a s u r e m e n t  o f  A p p a r e n t  S p e c i f i c  G r a v i t y —The 
apparent specific gravity is the weight of a unit volume of the 
material. I t is measured in connection with the testing of 
various classes of materials, either with or without tamping. 
Since fertilizers are never tamped down in the hopper of a 
distributor but on the contrary are often kept in a loose 
uncompacted condition by the agitator of the distributor 
it is felt that for fertilizers this measure will be of greatest 
value if the material is not compressed. The following pro
cedure has been found satisfactory: Fill a 100-cc. graduated 
cylinder to the 50-cc. mark and lightly tap the bottom of the 
cylinder on the palm of the hand three times. Then fill 
to the 100-cc. mark and tap three times more. Refill to

F ig u re  5—M a n n e r  o f M ak in g  A ngle  o f R epose  M e a s u re m e n ts  
w ith  P r o t r a c to r  Level

the mark and tap as before until the material does not settle 
further with light tapping. The weight in grams of the 
contents of the cylinder divided by 100 is the apparent specific 
gravity. To be comparable this determination must al
ways be made in the same manner.

M e a s u r e m e n t  o f  A v e r a g e  P a r t i c l e  S i z e —When the 
particles composing a mass are all or nearly all of the same 
relative size, the average diameter may be quickly deter
mined by screening and use of the equation D = Vs Wi +

A )  where D  is the average diam eter o f the particles, 
is th e  diam eter of the openings in a  screen through w hich the  
bulk of the m aterial w ill pass, and D 2 is  the diam eter of the  
openings in  a  screen w hich w ill hold it.

F ig u re  6—Ir re g u la r  S lopes O b ta in e d  w ith  H e te ro g e n e o u s  M ix tu re s
I t  requires the  exercise of judgm ent to  determ ine the  correct angle of 

repose in such cases.

Commercial fertilizers are usually composed of particles 
widely varying in size. Under these circumstances the 
rate of flow will be different from that of a material composed 
of uniformly sized particles and a set of sieves or screens 
should be used in which the size of the openings form a series 
in which each member is about one-half the value of the 
preceding. The effective size may then be calculated by 
use of the equation
„  = n R (D \ -  D\)Pi +  (D\ -  DS)Pi + (PS -  D‘a)P, +■■■■

(¿,4, _  D S)Pl +  (£,4, _  D t})Pt +  (D \ -  D \)P , + . . . .
(4)

where Du D2, I)3. . . are the diameters of the sieve openings, 
and Pi, P¡, Pi. . . are the percentages of material found in 
the indicated intervals. Less than 5 per cent of any of the 
sizes may be omitted from the calculation without any mate
rial effect upon the result. When the effective particle 
size is determined in this way its value is equal to that nec
essary, in a mass composed entirely of particles with uniform 
diameters, to flow at the same rate.

Measurement of Degree of Uniformity of Flow

In a previous study (4) the relation between the angles 
of repose of fertilizers and the degree of uniformity of flow 
wjas determined by collecting the amount of fertilizer de
posited in each foot of row and calculating the average 
deviations from the mean rate of delivery. These devia
tions were complicated by variations in deli ven- caused by 
the machines, but this work coupled with numerous other 
observations of distributors in action show’s that the angle 
of repose gives a good indication of the degree of uniformity 
of distribution attainable with ordinary distributors. Di
rections for making this determination have already been 
given in connection with the measurement of the comparative 
rate of flow'. The same determination will answer for both 
purposes.

When the angle of repose is less than 40 degrees, cohesion 
is imperceptible and any homogeneous fertilizer with an 
angle of repose below this value will flow' uniformly if the 
forces applied to it remain constant. When in practice they 
do not, it is because of imperfections of the distributor.
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As the angle of repose of a fertilizer increases above 45 degrees 
it flows more and more irregularly. With most distributors 
the degree of irregularity of distribution increases at a more 
rapid rate than the angle of repose until finally a point is 
reached at which flow ceases altogether.

Discussion

Whether more than one or all of the measurements outlined 
above should be made in any particular case must depend 
upon the circumstances and the purpose in view. If a com
plete statement of the drillability of a fertilizer is desired 
in mathematical terms, the angle of repose, apparent den
sity, and average particle diameter should be measured and T  
computed by substitution of the proper terms in Equation 3. 
All four values should be reported. In the case of distributors 
depending largely upon gravity for the flow of the fertilizer, 
T  will be inversely proportional to the rates of delivery at 
each adjustment of the mechanism and this holds good for 
all fertilizers, not merely for commercial mixtures with aver
age properties. These distributors constitute a large pro
portion of those now in use. In the proportion that the de
livery of the fertilizer is effected by mechanical force, the 
apparent density will determine the delivery rate. De
liver)' is brought about entirely by the pressure supplied 
by the mechanism of the top delivery type and largely so by 
that of the auger type. In every case the angle of repose 
will indicate the degree of uniformity of distribution likely 
to be obtained independently of that caused directly by the 
machine.

The ratio of the average particle diameter of the majority of 
commercial mixed goods to the size of the delivery opening 
of the ordinary distributor when making average appli
cations remains approximately constant. Therefore the de
livery rates of such mixtures can be determined, if suitable

standard calibrations of the implement are available, from 
the angle of repose and apparent density only.

For some purposes the angle of repose measurement alone 
will be satisfactory as a rough measure both of rate of flow 
and degree of uniformity of flow; for example, when several 
samples of the same kind of material are compared, since 
they are likely to have nearly the same apparent densities, 
or when measurements are made at different times upon the 
same fertilizer. Variations in the apparent specific gravity of 
more than ±0.1, however, must not be neglected even in 
rough work.

In comparing the effects of different fertilizer formulas or 
of various sources of a single fertilizing element upon crops 
in the field it is important that each plot should be fer
tilized with the same degree of uniformity and at the proper 
rate. I t  has been difficult to do this with machinery in the 
past. The use of the measurements outlined above will 
give control of the drillability of the fertilizer and should 
assist in getting better results from such agronomic experi
ments.

Drillability measurements may also be used by implement 
manufacturers to calibrate distributors more accurately, by 
fertilizer manufacturers to standardize their products and to 
maintain uniform drillability, and in other ways.
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C onductom etric  Form ula for D eterm ining Ash in 
Both R aw  and R efinery  Sirups and Molasses1

Louis Sattler and F. W. Zerban

N .  Y .  S u g a r  T r a d e  L a b o r a t o r y ,  SO S o u t h  S t . ,  X e w  Y o r e ,  N .  Y .

IN PREVIOUS papers the 
writers have pointed out 
the difficulties entailed in 

attempting to predict the per 
cent ash in raw sugars from 
the electrical conductivity of 
their solutions. The crux of the problem lay in the variability 
of the chemical composition of the conducting substances. 
This variability was found to be considerable in samples which 
came even from the same district, and so larger variations 
in the ratio of ash divided by conductance—that is, the C- 
ratio—were to be expected for different geographical sources.

In those cases where the C-ratio was found to vary ■within 
narrow limits, an average ratio was all that was necessary in 
order to determine the per cent ash in a given sample. The 
specific conductance of the solution containing 5 grams of 
raw sugar in 100 mi. was multiplied by the specific C-ratio 
of the particular community, and the ash was thus at once 
obtained (1).

When the origin of the sugar was unknown, the simple
1 R e e v e d  Septem ber 15, 1930. Presen ted  before th e  D ivistoc at 

C h*custry a t  tire M eeting  of th e  A m ericaa Chem ical Society.
A tlanta* G j*.. A pril 7  to  11* 193QL

conductance method was in
adequate, and it was shown
(2) that the equation

Ash = 0.001757(0.913 K  
+  193.5 -  0.1 K0 (1)

gave good results regardless of the source of the sugar. Here 
K  is the simple conductance X 10* as mentioned before, and 
Ki is the specific conductance X 10s of a solution made 
by taking 200 ml. of a sugar solution (5 grams per 100 ml.) 
and adding to it 5 ml. of 0.25 N  hydrochloric acid.

When the above method was applied to other sugar prod
ucts, Formula 1, with the factor in it multiplied by 
10, was found to hold under specific experimental condi
tions (0.5 gram product plus 4.5 grams sucrose in 100 ml.) 
for sirups and molasses produced in the raw cane sugar 
factory, but it did not give good results for refinery sirups
(3). The factor in the equation was lower than 0.01757 
for final refinery sirups, lower still for unfiltered sirups and 
still lower for filtered sirups. Not only that, but the factor 
varied from refinery to refinery, and so the simple conducto
metric Formula 1 was found to be quite unsatisfactory. 
Obviously the difficulties due to the variability in the chemi-

A conductom etric method has been provided for the 
determ ination of ash in both raw and refinery sirups 
and m olasses. It is applicable to those products 
regardless of their geographical source or their factory 
and refinery treatm ent.
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cal composition of the conducting substances were ag
gravated by the treatment in the refinery. I t was ap
parent that the decrease in the value of the factor kept pace 
with the increase in the extent of the bone black treatment. 
This was experimentally verified {Jt), and the conclusion 
was drawn that the results could be accounted for by the 
selective adsorption of cations as well as of anions by the 
bone black.

Conductometric studies with 0.25 N  potassium hydroxide 
instead of 0.25 N  hydrochloric acid were made on the 175 
remaining samples in the hope that some information might 
be secured regarding the nature of the cations in the various 
types of sugar products under investigation. This equation 
was developed:
Per cent ash =  0.01757(1.33 K + 49S.3 -

0.091 K, - 0 .5  K2) (2)

where K  and 7£i are the specific conductances X 106 without 
and with 0.25 N  hydrochloric acid, respectively, and Ki is 
the specific conductance X 108 with 0.25 N  potassium hy
droxide.

Although the formula gave excellent results with refinery 
products, it was exceedingly poor for Porto Rican black
straps. The equation was not at all as general as had been 
desired, and so the problem was attacked from a slightly 
different angle.

Orthophosplioric acid is only a moderately strong acid, and 
it could be expected to do two things—to displace the weak 
organic acids which were present as salts, and to react with 
the di- and tri-valent metallic ions. The use of this acid 
in place of the hydrochloric acid has apparently solved the 
general problem of ash determination, and the present paper 
provides a method which is applicable to various cane sirups 
and molasses regardless of their geographical source or their 
factory and refinery treatment.

The range in the per cent ash in the products studied varied 
between 4.84 and 14.23 per cent, and for the 133 samples 
which were still available for the conductometric deter
minations with phosphoric acid, the maximum deviation 
between chemical ash and ash calculated from the conduc
tivity measurements was ±0.30 per cent compared to 1 
per cent when Formula 2 was used. With an average chemi
cal ash of 9.209 per cent the average deviation of the con
ductometric ash was found to be ±0.134 per cent for the 
■entire series taken as a supposedly homogeneous group.

M eth o d

The experimental procedure was, in general, the same as 
in the determinations made previously with hydrochloric 
acid. Duplicate ash determinations were made in silica 
dishes on samples which had been filtered by suc
tion through a mat of filter paper pulp covered 
with asbestos. The important change consists in 
the addition of 5 ml. of normal orthophosphoric 
acid to 200 ml. of solution in place of the 0.25 N  
hydrochloric acid which had been used previously 
in the other investigations. The phosphoric 
acid is standardized by adding 5 ml. of it to 
200 ml. of conductivity water. The corrected 
specific conductance at 20° C. is 1925 X 10~‘ re
ciprocal ohm. In order to have comparable 
analytical conditions, one liter of solution was 
made from each sample by diluting. 40 ml. of 
the 25 grams in 200 ml. sirup filtrate. As in the 
previous studies, 4.5 grams of Domino tablet 
sugar were added per 100 ml. of solution before 
making up to the mark at 20° C. For routine 
work, there is a possibility that a smaller volume

Ks

of solution would be suffi
cient, but if the cell is to 
be rinsed three times be
fore each reading, it is 
better to have larger vol
umes of material. |

Three conductivity de
terminations were m ade: 
the specific conductance of 
the solution, that of a solu
tion made by taking 200 ml. 
of the sugar solution and 
adding to it 5 ml. of 0.25 N  
potassium  hydroxide and 
finally the specific conduc
tance of a solution contain
ing 200 ml. of the sugar solu
tion plus 5 ml. of normal 
orthophosphoric acid. 
These three values, multi
plied by 10', will be desig
nated as K, Ki, and Kh 
respectively.

Irving Lorge, of Columbia 
University, made a statis
tical analysis of all the de
terminations, and by means 
of a technic which will be 
published by him elsewhere, 
found that the equation:
Per ccnt ash = 0.01913G9 K

-  0.002249 Kt -  0.001210
K , +  3.07 (3)

satisfies the data.
The ash percentage may 

be rapidly obtained from 
the nomograph made by A. 
Bakst. A straight edge, or a 
thread, is laid on the values 
of Ki and Ki, and the point 
of intersection on S  is next 
connected with the value 
of K. The ash is read di
rectly where this line in
tersects the per cent ash 
scale.

It is to be remembered 
that the equation applies 
only for solutions to which 
pure sucrose has been added.
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In view of the results which have been obtained with the 
hydrochloric acid method (Formula 1), it is very likely that 
an equation similar to the one above might be found which 
would apply to solutions to which no pure sucrose has 
been added. The omission of sucrose would be an advan
tage in routine work. J. E. Mull, of this laboratory, is now 
making such measurements on the same samples, and the 
formula for calculating the ash on this basis will be published 
later.

T a b le  I— C o m p a ris o n  b e tw ee n  C h e m ic a l  A sh  a n d  A sh  V alues  
C a lc u la te d  by  F o r m u la  3

Av.
C iie m i- Av. D e v ia - Av.

cal  C alcd . t io n  of D e v ia - M a x .
A sh  Ash  A v . t io n  V a r ia tio nS a m ple  

Raw  sugar products: 
C uban b lackstraps 
Porto  R ican black

straps 
Refinery products: 

F iltered  sirups 
Unfiltered sirups 
F inal sirups (X) 
F inal sirups ( Y ) 
F inal sirups, misc. 

Beet molasses (1 
sample)

T o tal for 133 samples

E q u a t io n  E q u a t io n  E q u a t io n
C -R at io 1 2 3

0.278 0.155 0.188 0.146
0.128 0.125 0.296 0.117
0.227 0.145 0.224 0.135

0.147 0 .070 0.140 0.159
0.114 0.083 0.126 0.117
0.140 0.093 0.121 0.140
0.240 0.158 0.112 0.121
0.100 0.123 0.083 0.080
0.170 0.111 0.120 0.137

9.986  9.931 - 0 .0 5 5  *=0.146 - 0 . 2 9  t o + 0 .2 1

9 .176  9.106 - 0 .0 7 0  ± 0 .1 1 7  - 0 . 2 8  t o + 0 .1 7

7 .393  7.552 + 0 .1 5 9  ± 0 .1 5 9  + 0 .0 6  t o + 0 .2 7
6.707 6.807 + 0 .1 0 0  ± 0 .1 1 7  - 0 . 0 3 t o + 0 . 1 9
8.089 7 .996  -  0 .093  ± 0 .1 4 0  - 0 . 3 0 t o + 0 . 1 5

10.274 10.281 + 0 .0 0 7  ± 0 .1 2 1  - 0 . 2 9  to  + 0 .2 7
8.613 8.673 + 0 .0 6 0  ± 0 .0 8 0  - 0 . 0 3 t o + 0 . 1 9

13.510 13.800 + 0 .2 9 0  ± 0 .2 9 0  + 0 .2 9  t o + 0 .2 9
9.209 9.196 - 0 .0 1 3  ± 0 .1 3 4  - 0 . 3 0 t o + 0 . 2 9

Table I shows clearly the general applicability of the 
formula for various types of raw cane sugar as well as re
finery products. I t  is of some interest to note that a beet 
molasses also fell into line. When it is remembered that ac
ceptable duplicate chemical ash analyses of raw sugars may 
vary ±0.03 per cent on the basis of a total ash of 0.50 per 
cent, it is seen that the conductometric method with phos
phoric acid and potassium hydroxide gives superior results 
for materials of low purity. In the case of the raw sugars, 
the tolerance amounts to 6 per cent of the total ash, while 
in the series under discussion the average deviation amounts 
to 1.4 per cent of the average ash. Furthermore, duplicate 
chemical analyses on low-grade products often vary enor
mously from laboratory to laboratory on the same sample 
because slight differences in the ashing technic cause great 
variations in the per cent ash which is reported, and so the 
precision with which the ash in sugar cane products can be 
measured by the new method is perhaps much higher than 
is obvious from the figures which are reported. It is true 
that in the final analysis the equation is based upon chemical 
ash determinations, but since the determinations were all 
made under comparable conditions, the technic would be 
uniform, and consequently the equation would be free from 
any extraneous disturbing factors. The conductometric 
method is rapid, and it eliminates most of the human factors 
which crop up in the chemical ash method.

T a b le  I I I — A verage o f In d iv id u a l  D e v ia tio n  f ro m  C h e m ic a l A sh  
F ig u re  fo r  E a c h  K in d  o f P r o d u c t  o r  C lass  of P r o d u c ts

S a m pl e  
R aw  sugar products:

C uban blackstraps 
Po rto  R ican b lackstraps 
All raw  sugar b lackstraps 

Refinery products:
F iltered  sirups 
Unfiltered sirups 
F inal sirups (X)
Final sirups ( Y)
Final sirups, misc.
All refinery sirups

As shown in Table II the potassium hydroxide-hydro
chloric acid method was best for refinery products, but 
the potassium hydroxide-phosphoric acid method is only 
slightly worse whereas it shows marked improvement for the 
Porto Rican blackstraps as well as for the final sirups from 
source ( Y). The C-ratio and the simple conductance methods 
for the Porto Rican blackstraps are even better than the 
new method, but the disadvantage is overcome by the con
sideration that the Porto Rican blackstraps now can be 
treated as members of the same family as the refinery 
sirups.

There is considerable variation among the various methods, 
but again it is seen that raw and refinery products are now 
brought quite close together. This is even clearer from Table 
IV.

T a b le  IV— M a x im u m  In d iv id u a l  D e v ia tio n s  f ro m  C h e m ic a l A sh  
fo r  E a c h  K in d  o f P r o d u c t  o r C lass  of P ro d u c ts

S a m pl e  
R aw  sugar products:

C uban blackstraps 
Po rto  R ican b lackstraps 
All raw  sugar b lackstraps 

Refinery products:
F iltered sirups 
Unfiltered sirups 
F inal sirups (X)
F inal sirups ( Yj  
F inal sirups, misc.
All refinery sirups

The most striking tiling about the new method is the 
elimination of the distinction between raw and refined prod
ucts. Not only that, but in every case the method is su
perior to the C-ratio method where the individual idiosyn
crasies of the products were taken into consideration.
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E q u a t io n E q u a t io n E q u a t io n

C -R a tio 1 2 3

0 .7 0 .4 0 .5 0 .3
0 .4 0 .3 1 .0 0 .3
0 .7 0 .4 1 .0 0 .3

0 .4 0 .2 0 .2 0 .3
0 .3 0 .2 0 .2 0 .2
0 .4 0 .3 0 .3 0 .3
0 .6 0 .5 0 .3 0 .3
0 .2 0 .2 0 .2 0 .2
0 .6 0 .5 0 .3 0 .3

T a b le  I I— D e v ia tio n  of A verage E le c tr ic a l  A sh  fo r  S ev e ra l P ro d u c ts  of 
S a m e  C lass  f ro m  A verage C h e m ic a l A sh  o f S a m e  S a m p le s

S a m ple  
Raw  sugar products:

Cuban blackstraps 
Porto  R ican b lackstraps 
All raw  sugar b lackstraps 

Refinery products:
F iltered sirups 
Unfiltered sirups 
F inal sirups (A)
F inal sirups (F )
F inal sirups, misc.
All refinery sirups

It is of interest to compare the four methods for ash deter
mination which have been studied in this laboratory. They 
have been the following: the C-ratio method, the simple 
conductometric formula (Equation 1), the potassium hy
droxide-hydrochloric acid method (Equation 2), and finally 
the most general method—namely, the potassium hydroxide- 
phosphoric acid method (Equation 3).

C -R a t io
E q u a t io n

1
E q u a t io n  E qu a t io n  

2 3

+ 0 .0 0 6 - 0 .0 9 S + 0 .0 0 5 —0.055
+ 0 .0 5 3 - 0 .0 2 3 -0 .1 S 7 - 0 .0 7 0
+ 0 .0 2 2 —0.07S - 0 .0 6 1 -0 .0 6 1

- 0 .0 2 1 + 0 .0 1 1 —0.04S + 0 .1 5 9
+ 0 .0 0 3 0.000 - 0 .0 6 6 + 0 ,1 0 0
-0 .0 1 6 -0 .0 1 S - 0 .0 0 1 - 0 .0 9 3
-0 .0 2 4 - 0 .0 2 6 + 0 .0 5 3 + 0 .0 0 7
+ 0 .0 3 2 0.000 - 0 .0 2 0 +  0 .060
- 0 .0 1 5 - 0 .0 1 3 + 0 .0 0 4 + 0 .0 0 9

Mineral Production of Alaska in 1930
The Department of the Interior announces that mines in 

Alaska are estimated to have produced minerals to the value 
of $13,602,000 in 1930 as against 516,066,000 in 1929. The 
total value of the mineral output of Alaska since 18S0 is approxi
mately 8629.000,000. The figures for 1930, which are pre
liminary estimates and consequently subject to revision, are 
taken from the Geological Survey’s annual report on the mineral 
resources of Alaska, now in preparation. The source of this 
mineral wealth was approximately as follows:

V alu e  o f M in e ra l  O u tp u t  o f A la sk a  in  1930 a n d  1929

Gold
Copper
S ilve r
Coal
O ther m inerals (lead, petroleum , 

m arble, tin , p la tinum , etc.)

1930 1929
$ 8,394,000 $ 7,761,000

4,100,000 7,130.000
15S.000 252,000
609,000 528,000

341,000 395,000

$13,602,000 $16,066,000
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Ash and E lectrical C onductiv ity  of Refined 
Cane Sugars1

F. W. Zerban and Louis Sattler

N .  Y .  S u g a r  T r a d e  L a b o r a t o r y , 8 0  S o u t h  S t .,  N e w  Y o r k , N .  Y .

THIS final chapter of our 
investigation on the re
lation between ash and 

e lec trica l conductivity of 
sugar cane products (8 to 9) 
deals with the sugars made in 
cane sugar refineries, and 
either sold or re tu rn ed  to 
process.

Work on similar products of 
beet sugar refineries has been 
reported in Europe, especially 
by Lundén (1), and on Ameri
can granulated beet sugars by 
Nees (2). The last named 
author used a concentration 
of 25 grams of sugar in 100 ml., and found that for granulated 
beet sugars from three different states the ratio between the spe
cific conductance X 105 and the per cent sulfated ash (less 10 
per cent) averages 231.5 if the conductivity determinations are 
made at 25° C. and corrected for the conductance of the water 
used as a solvent. The concentration of 25 grams in 100 ml. 
was chosen because the specific conductance passes through 
a maximum in the neighborhood of that point.

Granulated and Rem elt Cane Sugars with Low Ash

The first group of refined cane sugars taken up by the 
writers comprised granulated and remelt sugars with an ash 
content up to 0.3 per cent. Nees’ concentration of 25 grams 
was adopted for these low ash sugars, but the normal tem
perature for sugar laboratories, 20° C., has been adhered to. 
The same equipment was used as in all previous work, and 
all the solutions were filtered through á mat of filter paper 
and asbestos to exclude the effect of the ash contained in the 
insoluble portion of the sugar on the chemical ash determi
nation. The limit of 0.3 per cent ash was arbitrarily chosen 
because with sugars of high ash content our standard con
centration of 5 grams of sugar in 100 ml. can be used, as has 
been done in the case of raw sugars and also of soft sugars.

The results for 34 samples from four different refineries 
are given in Table I, where the sugars are arranged in the 
order of ascending ash content. The column headed “Chemi
cal Ash” shows the sulfated ash, less 10 per cent, determined 
in the usual manner on the filtered solution of the sample. 
The next column show's K, the specific conductance X 106, 
of the solution at 20° C., corrected for the conductance of 
the water. The figures in the succeeding column, headed 
“C-Ratio,” represent the quotient of the ash percentage^ di
vided by the specific conductance itself (not X 10G). The 
last column gives the ash percentage calculated by multi
plying the specific conductance with the average C-ratio 530, 
or K  with 0.000530.

For the proper interpretation of these results it must be 
kept in mind that the different chemical ash methods them
selves are all entirely empirical and do not give concord
ant results among each other. I t will be recalled that the

I Received Septem ber 18, 1930. Presented before the Division of
Sugar C hem istry a t the  80th M eeting of the  American Chemical Society.
C incinnati, Ohio, Septem ber 8 to  12, 1930.

sulfated ash method was se
lected by the writers as the 
standard because it is affected 
less by details in manipu
lation than any of the “car
b o n a ted ” ash m ethods. 
With the latter, the quan
tities of chlorine, sulfur, 
and perhaps phosphorus 
which are volatilized during 
the heating process may 
vary widely with slight dif
ferences in procedure. 
F u rth erm o re , Lund6n (I) 
has found that the sulfated 
ash method gives the most 

concordant figures when used as a basis for refinery con
trol. Yet it is after all an empirical method and yields 
discrepant results in the hands of different analysts. Wien 
the ash content is very small, as in many of the samples re
corded in Table I, the results even of the sulfated ash method 
are quite unreliable, because usually only a few milligrams 
or even less of ash are actually weighed, unless very large 
quantities of sugar are ashed, which is precluded in actual 
practice. In such cases the possible percentage error in the 
ash figure becomes enormous. The measurement of specific 
conductance, on the other hand, is well known to be most 
precise, and for this reason alone the electrical ash method, 
although admittedly empirical, is, nevertheless, to be pre
ferred over the other empirical ash methods. In addition 
to this, it is much more rapid, and much more easily executed.
T a b le  I—A sh  a n d  C o n d u c t iv ity  of U n w ash ed  a n d  W a s h e d  G ra n u la te d  

a n d  R e m e lt  S u g a rs , w ith  A sh u p  to  0.3 P e r C e n t

S a m ple
C h e m ic a l

Ash

S p e c if ic  
C o n d u c t iv it y  

X 10‘ (K) C -R a t io
K  X 

A v. C -R a tio

1
%

0.0059 11.7 504 0.0062
2 0.0077 16.1 478 0.0085
3 0.0088 19.6 449 0.0101
4 0.0095 22 .6 420 0.0120
5 0.0110 16.5 671 0.0087
6 0.0112 16.5 679 0.0087
7 0.0128 20.6 621 0.0109
8 0.0153 31 .8 497 0.0169
9 0.0292 59.1 492 0.0313

10 0.033 63.4 524 0 .034
11 0.035 63.1 554 0.033
12 0.039 77 .5 503 0.041
13 0.052 111.8 441 0.059
14 0.071 124.4 571 0.066
15 0.073 134.3 544 0.071
16 0.079 147.9 534 0.078
17 0.083 178.4 465 0.094
18 0.084 156.9 536 0.083
19 0.096 189.5 507 0.100
20 0.110 247.5 445 0.131
21 0.114 204.5 558 0.108
22 0.118 181.3 651 0.096
23 0.124 206.4 602 0.109
24 0.130 233.9 556 0.124
25 0.134 253.1 530 0.134
26 0.146 293.3 498 0.155
27 0.167 334.5 500 0.177
28 0.169 319.9 528 0.170
29 0.172 357.4 481 0.189
30 0.175 314.0 557 0.166
31 0.177 346.9 510 0.184
32 0.225 431.7 521 0.229
33 0.226 367.2 599 0.195
34 0.269 460.0 585 0.244
35 0.295 566.2 521 0.300

Av.. 530

The percentage of ash (sulfated less 10 per cent) in  
refined cane sugars such as granulated and remelts, 
containing less than 0.3 per cent ash, can be found by 
dissolving 25 grams of the sugar in 100 m l. conductivity 
water, determining the specific conductance of the 
solution at 20° C., and m ultiplying the result, after 
correcting for the conductivity of the water, by the 
factor 530. To find the ash percentage in soft sugars, 
only 5 grams are used in 100 m l. solution, as in the case 
of raw sugars. The appropriate factor, which varies 
from place to place, may then be determined for each 
refinery, or else the general m ethod described may be 
employed. The article concludes w ith practical recom
m endations for equipment and m ethods to be used in  
routine work on all types of cane products.
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One difficulty arises in the case of specially purified su
crose, and some refined sugars of the very highest grade. 
With sugars of this type the specific conductance of the 
solution may be less than the specific conductance of the 
water, owing to the depressing effect of sucrose on the conduc
tivity of electrolytes. In cases like this, specially purified 
water might be used, but even then the difficult question 
of correction would remain. With such sugars the ash con
tent can be found only approximately, yet with greater pre
cision than by the chemical method.

I t  is interesting to inquire how the C-ratio of 530 found for 
refined cane sugars compares with the C-ratio of granulated 
beet sugars. At 25° C., the temperature used by Nees, 
the value 530 would be reduced to 470. Nees’ divisor,
231.5 at 25° C., is equal to a C-ratio of 432. This confirms 
the statement of Nees that the ratio between ash and con
ductivity for cane sugars is probably different from that for 
beet sugars, because the latter contain a large proportion of 
highly ionizable alkali salts. This would involve a lower 
C-ratio for granulated beet sugars, in agreement with the 
facts.

With this class of sugars it is obviously unnecessary to 
resort to the more complicated conductometric procedures 
of ash determination, developed by the writers for raw sugars 
and for sirups and molasses.

Soft Sugars

The chemical ash in the samples of soft sugars received by 
the writers from three different refineries ranged from 0.18 
to 2.31 per cent. The conductivity determinations were 
therefore run on solutions containing 5 grams of total sugar 
in every 100 ml. of solution, as in the case of raw sugars. 
Within the ash range up to 1 per cent, 5 grams of the soft 
sugar were used, and above 1 per cent, 2.5 grams of soft 
sugar plus 2.5 grams of sucrose; in the latter case the result 
of the conductivity determination was multiplied by 2. 
Parallel determinations were made in the presence of acid, 
5 ml. of 0.25 N  hydrochloric acid being added to 200 ml. 
of the 5-gram-per-100-ml. sugar solution, and measuring the 
specific conductance again, exactly as in the previous work. 
The results of the measurements are shown in Table II. 
Columns 1 to 5 are the same as in Table I. The average C- 
ratio was found to be 1580 which is lower than the value 
found previously for any group of refinery products, but this 
fact has little significance because it has been shown before 
that the C-ratio may vary within extremely wide limits. 
Column 6 gives the individual deviations of the electrical 
ash (in column 5) from the chemical ash. The values for 
Ki, which is the specific conductance X 106 of the acidified 
solution, are found in column 7. In column 8 are shown the 
figures for the ash calculated by the simple conductometric 
expression developed previously (0.913 K  +  193.5 — 0.1 Ki), 
multiplied by the factor 0.001695. This factor agrees closely 
with the average factor obtained for refinery sirups (8).

The individual errors by the C-ratio method exceed 0.03 
per cent in seven cases, amounting to 0.04 in two, 0.05 in 
one, 0.08 in two, and 0.12 in one. The total deviations for 
this method are —0.52 and +0.51, or 1.03 in all. The con
ductometric formula results in only two deviations of 0.04 
per cent and two of 0.05 per cent; the total deviations are 
—0.30 and +0.41, or 0.71 altogether. The simple conduc
tometric formula method is evidently more reliable than the 
C-ratio method, and still better results could probably be 
obtained by the general conductometric formula based on 
three conductivity determinations (5), one on the solution 
itself, a second after addition of N  orthophosphoric acid, 
and a third after addition of 0.25 N  potassium hydroxide 
solution. But it is believed that this would have no prac

tical advantage, and in the control of a single refinery even 
the C-ratio method will probably prove quite satisfactory 
for most purposes.

T a b le  I I — A sh a n d  C o n d u c t iv ity  of S o f t  S u g a rs
C h e m i K  X Ash  C alcd .

S am  CAL C- A v. C - BY
p l e A sh K R a tio R at io E rr o r Kx F orm ula E rr o r

% % % %
1° 1.30 829.6 1567 1.31 + 0 .0 1 1824 1.32 + 0 .0 2
2° 1.43 900.2 1589 1.42 - 0 .0 1 1776 1.45 + 0 .0 2
3° 1.53 983.4 1556 1.55 + 0 .0 2 1755 1.58 + 0 .0 5
4° 1.84 1149.4 1601 1.82 - 0 . 0 2 1717 1.85 + 0 .0 1
5° 2.31 1385.8 1667 2 .19 - 0 . 1 2 1573 2 .27 - 0 . 0 4
6 0 .43 280.5 1497 0.44 + 0 .0 1 2143 0 .40 - 0 . 0 3
7 0 .46 308.3 1492 0 .49 + 0 .0 3 2184 0 .4 4 - 0 . 0 2
8 0 .6 0 399.4 1502 0 .63 + 0 .0 3 2098 0 .59 - 0 .0 1
9 0.79 506.2 1561 0 .80 + 0 .0 1 2045 0 .77 - 0 . 0 2

10 0.89 563.4 15S0 0 .89 0 .0 0 1931 0 .87 - 0 . 0 2
l l a 1.07 695.6 153S 1.10 + 0 .0 3 1945 1.07 0.00
12° 1.23 807.8 1523 1.28 + 0 .0 5 1970 1.24 + 0 .0 1
13° 1.26 813.0 1550 1.28 + 0 .0 2 1889 1.27 + 0 .0 114o 1.50 963.8 1556 1.52 + 0 .0 2 1821 1.53 + 0 .0 3
15° 1.49 940.2 1585 1.49 0 .0 0 1767 1.51 +  0 .02
16° 1.63 1013.8 1608 1.60 - 0 . 0 3 1756 1.63 0 .0 0
17 0.27 178.2 1515 0 .28 + 0 .0 1 2077 0 .25 - 0 . 0 2
18° 1.47 892.0 1648 1.41 - 0 . 0 6 1528 1.52 + 0 .0 5
19 0 .42 276.6 1518 0 .44 + 0 .0 2 2020 0 .41 - 0 . 0 1
20 0.21 136.4 1540 0 .22 + 0 .0 1 2067 0.19 - 0 . 0 2
21« 1.84 1110.6 1657 1.76 - 0 . 0 8 1474 1.87 + 0 .0 3
22 0 .80 509.4 1570 0 .80 0 .00 1770 0 .82 + 0 .0 2
23° 1.52 942.4 1613 1.49 - 0 . 0 3 1633 1.56 + 0 .0 4
24 0.63 413.9 1522 0 .65 + 0 .0 2 1946 0 .64 + 0 .0 1
25“ 1.26 777.2 1621 1.23 - 0 . 0 3 1770 1.26 0 .0 0
26 0 .83 541.9 1532 0 .86 + 0 .0 3 1898 0 .84 + 0 .0 1
27 a 1.72 1036.4 1660 1.64 - 0 . 0 8 1613 1.71 - 0 .0 1
28 0 .28 199.1 1406 0 .32 + 0 .0 4 2113 0 .2 8 0 .00
29 0 .19 126.8 1498 0 .2 0 + 0 .0 1 2135 0 .17 - 0 . 0 2
30 0 .45 299.4 1503 0 .47 + 0 .0 2 2054 0 .44 - 0 . 0 1
31 0 .2 2 167.7 1312 0 .26 + 0 .0 4 2153 0 .22 0 .0 0
32 0 .59 375.1 1573 0 .59 0 .00 2044 0 .56 - 0 . 0 3
33 0 .18 132.7 1356 0.21 + 0 .0 3 2150 0 .17 - 0 . 0 1
34 0 .87 533.2 1632 0 .84 - 0 . 0 3 1795 0 .85 - 0 . 0 2
35 0 .4 8 309.3 1552 0 .49 + 0 .0 1 1942 0 .48 0 .0 0
36 0 .60 387.6 1548 0.61 + 0 .0 1 1934 0 .60 0 .0 0
37 0 .75 490 .3 1550 0 .77 + 0 .0 2 1855 0 .77 + 0 .0 2
38 0 .8 9 565.8 1573 0 .89 0 .00 1748 0 .91 + 0 .0 2
39° 1.31 832.2 1574 1.31 0 .0 0 1811 1 .33 + 0 .0 2
40° 1.29 824.6 1564 1 .30 + 0 .0 1 1825 1.31 +  0 .02
41 a 1.31 812.2 1613 1 .28 - 0 . 0 3 1815 1 .30 - 0 . 0 1

°  T he  conductance determ inations on these sam ples were m ade a t  a  con
cen tra tion  of 2.5 gram s sam ple p lus 2.5 gram s sucrose, and  th e  results were 
m ultiplied by  2.

High Ash Rem elt Sugars

The samples collected by the writers included six remelt 
sugars with an ash content within and also above the soft 
sugar range. The conductivity determinations were there
fore made at the concentration adopted for soft sugars— 
that is, on 5 grams sample in every 100 ml. up to an ash 
content of about 1 per cent; at an ash content between 1 
and 3 per cent, 2.5 grams sample plus 2.5 grams sucrose 
were taken, and when the ash exceeded 3 per cent, 0.5 gram 
sample plus 4.5 grams sucrose were used. The results are 
given in Table III.

T a b le  I I I — H ig h  A sh  R e m e lt  S u g a rs
C h e m i A sh  C a l c d .

Sam C A L C- K  X B Y
p l e A sh K R a t io 1580 E rro r Kx F o rm ula E rr o r

% % % %
1 0.39 245.1 1591 0 .39 0 .0 0 1936 0 .3 8 - 0 .0 1
2 0 .66 375.3 1759 0 .59 - 0 . 0 7 1723 0 .62 - 0 . 0 4
3 1.35 814.2 1658 1.29 - 0 . 0 6 1709 1.34 - 0 . 0 1
4 2 .05 1193.2 1718 1.88 - 0 . 1 7 1443 2 .01 - 0 . 0 4
5 3 .25 1985.0 1637 3 .14 - 0 .1 1 1S91 3 .15 - 0 . 1 0
6 4 .63 2761.0 1677 4 .36 - 0 . 2 7 1734 4 .61 - 0 . 0 2

The discrepancies found by the C-ratio method, with the 
average C-ratio of 1580 for soft sugars, are rather large, but, 
as has been explained above, without significance. The 
results calculated by the simple conductometric formula, 
with the soft sugar factor 1695, are very much better, con
sidering that an error of 0.10 on 3.25 per cent ash is really 
only about 3 per cent of the total. Just as with the soft 
sugars, the general conductometric formula mentioned above 
would probably reduce the errors, but in practice it is unneces
sary to go to such refinements.
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Summary of Recomm endations for Routine Electrical 
Ash Determ inations in Sugar Cane Products

E q u i p m e n t —For routine conductivity measurements it 
is advisable to use a self-contained instrument with as little 
outside wiring as possible, to prevent current leaks and other 
inconveniences. If it is operated by a battery this should 
also be enclosed in the instrument case. With this type a 
telephone receiver is necessary as a null indicator. In a 
noisy factory laboratory the telephone is practically useless, 
and if alternating line current is available or can be provided, 
it is better to use an instrument to be connected to the a. c. 
line with a galvanometer as null indicator. The only other 
outside connection should be with the conductivity cell. 
The instrument should be calibrated in terms of specific con
ductance at 20° C.; this necessitates a compensator for 
variations in the cell constant. For cane products it is not 
advisable to have the scale calibrated directly in ash per
centage, on account of the variations in the C-ratio, but an 
additional blank scale might be provided which could be 
calibrated by the individual worker for the C-ratio most 
frequently used. The instrument should also be provided 
with a compensating device for variations in temperature. 
Since the temperature coefficient itself varies to some extent 
as has been show  by the writers, especially when conduc
tivity determinations are made also in the presence of acid 
and alkali, it is safest to keep the temperature of the solu
tion as close as possible to the standard of 20° C. This is 
most readily accomplished by the use of the Lange type of 
cell provided with a water jacket, as employed by the writers. 
This cell has the further advantage for routine work that the 
solution which has been tested can be run out rapidly and 
the next solution be filled in without delay. Dipping cells 
may also be used if preferred, but they are not as convenient 
as the Lange type of cell.

M e th o d —For the control work of individual factories it 
is desirable and quite possible to use the ordinary C-ratio

procedure, with only one conductivity determination, based 
on actual comparisons of chemical ash and specific conduc
tance of the various products. These should include not 
only the materials studied by the writers, but should be ex
tended to the several types of juices.

When samples are received from many different sources, 
such as in regulatory and similar work, the choice of the 
proper method will depend on the type of product analyzed. 
For granulated and other refined sugars of low ash content, 
the simple C-ratio method outlined in this paper is sufficiently 
accurate. For raw cane sugars and soft sugars the simple 
conductometric formula with two conductivity determina
tions should be used, the factor being 0.001757 for raw sugars
(7), and 0.001695 for soft sugars. The same method, with 
the factor 0.01757, will also suffice for sirups and molasses 
known to have been produced without char treatment (8), 
but otherwise it is safest to resort to the general conduc
tometric formula based on three conductivity determina
tions, one on the solution itself, one with the addition of phos
phoric acid, and one with the addition of potassium hydroxide
(4).
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T he Plastom eter”
A New Instrum ent for Measuring Plastic Properties of Coal

Joseph D. Davis 

U. S. B d r e a o  o r  M in e s , 4800 F o r b e s  S t. ,  P it t s b u r g h , P a .

BETWEEN certain limiting temperatures, depending 
on its rank and to some extent on its origin, a coking 
coal assumes a semi-fused or plastic state. Destruc

tive distillation of the coal substance and of those constituents 
which fuse, begins as soon as or before fusion sets in and is 
greatly accelerated by rising temperature; the mass may 
assume a more or less plastic state before solidifying as coke. 
As the temperature rises to the limit of the plastic range 
(or state), most of the volatile matter is driven off and the 
mass sets into coke. Plasticity develops, however,  ̂only 
when a favorable heating rate, such as that prevailing in in
dustrial coking practice, is chosen. Audibert ($) has shown, 
for example, that it is possible to choose a heating rate so 
slow that the fusible matter is decomposed before it has 
actually fused. In such a case the coal does not become plas
tic and coke is not formed. On the other hand, heating may 
be so rapid that, although fusion does take place, decompo-

1 R eceived Septem ber 19, 1930. Presented before th e  Division of Gas 
and  Fuel C hem istry a t  th e  SOth M eeting of the  American Chemical Society. 
C incinnati, Ohio, Septem ber 8 to  12, 1930.

« P rin ted  by  permission of th e  D irector, U. S. Bureau of Mines. (Ivot 
sub ject to  copyright.)

sition is accelerated to such an extent that plasticity cannot 
be measured and a frothy coke results. The instrument 
to be described was designed in connection with the Bureau 
of Mines Survey of the Gas- and Coke-Making Properties 
of American Coals, for heating rates within the range of 
those prevailing in industrial practice under these condi
tions. Coke is invariably produced, provided that the coal 
is suitable for coke-making.

Previous Methods for Studying Plastic State of Coal

The method devised by Foxwell (8) and modified by Layng 
and Hathorne (4), and that of Agde and von Lyncker (1) 
will serve as examples of experimental methods previously 
used for study of the plastic state of coal.

Layng and Hathorne carbonize a standard column of sized 
coal at a suitable rate in an electric tube furnace while pass
ing nitrogen through it. Sufficient nitrogen for the test is 
confined in a bottle connected to the tube containing the 
coal. This is caused to flow by water displacement at con
stant head, so that resistance to its passage develops when 
the coal fuses. A manometer connected to the nitrogen
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Method of Making Test

Description of Plastometer

at constant speed by a ’/«-horsepower motor 
through a reduction gear and chain drive. The 
retort, whose wall is 3/is inch (4.8 mm.) in thick
ness, is provided with screw caps. A tubular shaft 
is passed through the gear-driven axle into the 
retort. Five rabble arms are fixed to the end 
of this shaft within the retort. These arms clear 
the retort wall by Vm inch (0.4 mih.). The pro
truding end of the shaft is fitted with a circular 
brass disc whose rim carries a scale similar to that 
of a torsion viscometer head. A pulley is also 
fixed to the end of the shaft and a chain is attached 
to its face. The other end of the chain is fixed 
to a spiral tension spring; as long as the rabble 

arms within the retort encounter no re
sistance in the rotating retort, the shaft 
does not turn and the spring is under 
no tension.

Figure 1 is a photograph of the plastometer and Figured 
shows a vertical section through the instrument. The plas
tometer consists of a steel retort 5 inches (127 mm.) in length 
by l 7/s inches (22 mm.) in diameter, mounted on a tubular 
axle through the center of a 2-inch (51-mm.) tube furnace 
12 inches (305 mm.) in length, and arranged for rotation F ig u re  3—R e s is ta n c e  D eveloped  In  H e a t in g  C o a l In  P la s to m e te r

F ig u re  1—T h e  P la s to m e te r

F ig u re  2— D ia g ra m  o f P la s to m e te r

bottle serves to indicate the amount of resistance and the 
rate at which it develops. This is plotted against the tem
perature (or time) and defines the plastic range of the coal.

Agde and von Lyncker carbonize a small sample of coal 
packed in a vertical tube furnace at a constant heating rate. 
A weighed needle, which is free to move vertically, rests on 
the coal. When the coal fuses the needle begins to sink and 
the rate of sinking is noted on a vertical scale provided for 
the purpose. The more plastic the coal the more rapid is 
the rate of sinking. When the charge sets into coke the 
needle comes to rest.

Although the Layng-Hathorne method with most coals 
serves to define approximately the limits of the plastic range, 
it does not give a direct measure of the plasticity of the 
charge within this range. The Agde-von Lyncker method, 
on the other hand, gives a figure which corresponds with the 
ease with which the charge yields to a needle. I t  is in effect 
a penetrometer, and the result obtained is not necessarily 
a measure of plasticity. In addition, it defines the limits 
of the plastic range with more or less precision.

In the hands of the writer this method proved difficult 
to carry out, yielding results difficult of close reproduction.

Without discussing the relative merits of these methods 
it is perhaps sufficient to observe that, when properly carried 
out, both will yield specific information of considerable value 
to one studying the coking process. Of course great care 
must be employed in interpretation of such results.

The specific information sought by the plastometer is the 
plasticity of the charge within the plastic range, together 
with close definition of the temperature limits.

2

Eight grams of the 20- to 40-mesh coal 
sample3 to be tested are charged into the 
retort and the heads are screwed in place, 
a thick paste of graphite and oil being used 
to prevent the threads from “freezing” on 
subsequent heating. The charged retort is 
now' placed in the furnace, the drive chain 
is attached, and a thermocouple is inserted 
in the hollow' shaft. The temperature is 
given continuously by a recording milli-

* I t  is recognized th a t  th e  selection of a  size fraction  of coal is n o t rep 
resen ta tive  of the  entire  coal, and  i t  is hoped to  modify th e  a p p ara tu s  so th a t  
a  s tric tly  rep resen ta tive  sam ple in which th e  fine coal is no t rejected m ay be 
used.
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voltmeter. The motor is now started and the furnace is rapidly 
heated (7° C. per minute) to approximately 375° C., below 
which point no tension of the coil spring develops. From 
375° C. through the plastic range (480° to 500° C.) the heat
ing rate is maintained constant (=*= 0.2°) at 3.4° C. per minute. 
A note of the scale reading is made at 1-minute intervals 
during the plastic range and at the end of the experiment 
the readings, reduced to pound-inches of torque, are plotted 
against the temperature. Tension develops at 4000 to 460 0 C. 
depending on the coal, and drops sharply at temperatures 
ranging from 450° to 480° C. The plastic range is defined 
by these limiting temperatures for each coal.

Behavior of Different Kinds of Coal under Test

By the manner of development of tension on the plastome- 
ter head several kinds of coking coals have been distin
guished :

(1) Coals that fuse at a low temperature, have a wide 
plastic range, and become very plastic at intermediate tem
peratures. These coals fuse together well and should pro
duce well-fused coke—i. e., the Powell ton coal of Figure 3.

(2) Gas coals containing splint that have a short plastic 
range and exhibit little or no plasticity, as the Elkhorn coal.

(3) Semi-bituminous coals having a high fusing tem
perature, very little plasticity, and a short plastic range

which gives an exceedingly high plastic tension, as shown 
by the Pocahontas coal of Figure 3.

(4) High oxygen, weakly coking coals of which the limit
ing temperatures of the plastic range are just distinguishable 
by the plastometer. Hocking coal represents this type.

Practical Value of Plastometer

Only a few coals have been tested by this method and no 
broad generalization can be made as to indication of coke 
quality. However, with coals so far tested it may be ob
served that: (1) Class 1 coals produce a fine-grained coke 
which does not fracture badly when exposed to high coking 
temperatures; (2) class 2 coals have large cells and when 
coked without admixed low-volatile coals give a more frac
tured high-temperature coke than class 1 or class 3 coals;
(3) class 3 coals produce strong fine-grained coke but one 
which does not shrink appreciably after setting and which 
offers resistance to pushing from ovens.

Literature Cited
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(2) A udibert, E ., Rev. ind. minirale, 1926, 115-30.
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D eterm ination  of A lkalinity of Reclaimed R ubber1
Henry F. Palmer and George YV. Miller

X y i . o s  R u b b e r  C o m p a n v , A k r o n , O h i o

THE purpose of this 
paper is to present a 
method for determin

ing the relative alkalinity of 
reclaimed rubber which, in 
the authors’ opinion, has cer
tain advantages over other 
m ethods in use at pres
ent.

In general other methods 
current for determining alka
linity consist of a digestion in 
water of various sizes of sam
ples for times varying from 3 to 48 hours. In the discussion of 
an article by Shepard, Palmer, and Miller (2) in 1928, the 
relative control method then in use by the authors was de
scribed. This method has recently been referred to by 
Stafford (S) in an article on the testing of reclaimed rubber. 
Briefly this method consists in digesting a 25-gram sample 
in water for 3 hours, after which the sample is squeezed and 
thoroughly washed during squeezing. The sample is further 
digested, and the liquor titrated with normal acid using 
methyl red as the indicator. A disadvantage of this method 
is that it involves a personal factor in the squeezing of the 
sample after digestion. Another disadvantage of the method 
and other unpublished methods known to the authors, is 
that a relatively small quantity of the total alkali is ex
tracted which naturally means that errors in the method 
will magnify the differences in alkalinity. Further, the solu
tion to be titrated is often brown enough in color so that the

* Received Septem ber 20, 1930. Presented before the  Division of
R ubber C hem istry a t  th e  80th M eeting  of th e  American Chemical Society.
C incinnati, Ohio, Septem ber 8 to  12, 1930.

end point of the usual indi
cators is m asked. The 
m ethod developed and de
scribed below overcomes these 
difficulties since a relatively 
higher percentage of alkaline 
material is removed and a 
more efficient t i tr a t io n  
method is applied.

Method of Titration

Inasmuch as the color of 
the solution often causes the 

end point of usual indicators such as methyl red to be very
indistinct, an application has been made of the iodine-starch
end point. The procedure after the sample is prepared for 
titration is as follows:

To the solution 0.1 N  HC1 is added from a buret until the 
solution is distinctly acid. This point may be most definitely 
determined by using litmus paper. Approximately 5 cc. 
each of 3 per cent K I03 solution and of 1 N  KI solution are 
then added. The mixture is allowed to stand 3 minutes 
and the same volume of 0.1 N  Na:S20 3 as 0.1 N  IIC1 is added. 
The mixture is allowed to stand for 15 minutes after which 
5 cc. of fresh starch solution are added. Titration is then 
made with 0.1 N  iodine solution until the appearance of the 
usual iodine-starch blue color. This color may of course be 
black due to the brown color of the solution.

The particular advantage of this method of titration is 
that the end point can always be distinguished and even the 
darkest solutions can be diluted so that the end point is 
visible. In cases of reclaim of low alkalinity the solutions 
are less deeply colored and the end point may often be de

A new method is given for determining the relative 
alkalinity of reclaimed rubber. The extraction of the 
alkaline material is based on a digestion of the sample 
in a mixture of ethanol, benzene, and water. The 
method is compared with the previous method described 
by the authors in 1928. The experimental figures given 
show that the new method gives results which are de
pendable, and approximately four tim es as accurate as 
the previous m ethod. The higher degree of accuracy 
is due to the elim ination of m uch of the personal error, 
the extraction of a larger percentage of alkaline m a
terial, and a more accurate titration end point.
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termined by the use of methyl red instead of the iodine- 
starch combination.

It should be mentioned that before arriving at the above 
method an effort was made to use the two following methods:

(1 ) Use of Iv>A12(S04)<.24H20 : Since KjAl^SOO« hy
drolyzes in water to H»SOi and Al(OH)3, the H2SO4 reacts 
to neutralize the alkali and the Al(OH)3 carries down a con
siderable amount of colloidal matter in the solution, but not 
enough to render the solution sufficiently clear to discern 
methyl red indicator.

(2) Use of FeCla and K,Fe(CN)6.3H20 : When FeCIj 
hydrolyzes in water to form HC1 and Fe(OH)3, the HC1 will 
neutralize the alkaline material. Any soluble ferric salt 
gives with K|Fe(CN)6 a very deep blue color. In using this 
method FeCU was added until all the alkali was neutralized, 
the blue color being formed by the excess FeClj with KiFe- 
(CN)6. The color was masked considerably, however, by 
the presence of the Fe(OH)3. The addition of HC1 to di
minish the amount of FeClj necessary was not effective 
since the indicator was not sensitive to such a small amount 
of FeCl3.

Extraction of Alkaline Material

Since other methods in vogue have extracted a relatively 
small amount of the total alkaline material, an effort was 
made to evolve a method which would give a higher per
centage of the total alkali present. This has been achieved 
by the use of the following procedure:

The sample of reclaim is sheeted to a thickness of 0.127 
mm. (0.005 inch) plus or minus 0.0254 mm. (0.001 inch) 
in thickness. A 5-gram sample is tom in pieces about 25 
mm. (1 inch) in diameter and placed in a liter Erlenmeyer 
flask to which have been added 60 cc. of benzene, 40 cc. of 
ethanol (denatured with 0.5 per cent benzene),2 and 100 cc. 
of distilled water. These reagents must, of course, be neutral. 
A reflux condenser is attached to the flask and digestion is 
made for 2 hours on a hot plate which is at 110° C. After 
the digestion 500 cc. of distilled water are added and the 
heating continued for l ‘/ 2 hours without the reflux condenser 
attached. At the end of this time the benzene and the 
larger percentage of the ethanol will be completely distilled 
off. If benzene is still present at the end of this time, the 
heating, with a periodic shaking, should be continued until 
all benzene is removed. The total heating time will not 
exceed l 5/« hours. The solution is then decanted leaving 
the rubber sample in the flask. Seventy-five cubic centi
meters of boiling distilled water are added and the flask 
whirled rapidly to wash the sample. This water is added to 
the original liquid and two more washings are made as above 
after which the solution is allowed to cool preparatory to 
titration.

In developing this method of extraction the following ob
servations have been made on factors which affect the re
sults:

T h i c k n e s s  o f  S a m p le —The same sample of reclaim was 
refined once and twice at the thicknesses of 0.0762 and 0.177S 
mm. (0.003 and 0.007 inch) with the results shown in Table I. 
The results reported in all tables are in terms of XaOH. These 
results show that the thickness between these limits may be 
tolerated and that the second refining did not affect the amount 
of alkaline material extracted. An attempt was made to pre
pare the sample by cutting it into very small pieces but the 
results in Table II show that this is not a suitable method of 
preparation.

E f f e c t  o f  B e n z e n e ,  E t h a n o l ,  a n d  W a t e r —Various propor
tions of benzene, ethanol, and water were tried. The first tests 
were run with 100 cc. benzene, 100 cc. water, and 20 cc. ethanol. 
The benzene functions to swell and break up the rubber and the

* £B Form ula, U .  S .  Industria l Alcohol Co.

ethanol acts as a carrier. With these proportions it was found 
that the emulsion formed made it difficult to boil off the benzene 
without much bumping, foaming, and spattering. The benzene 
was decreased and the ethanol increased to the proportions 
named in the method with the result that the above-mentioned 
difficulties disappeared.

The effect of these reagents in different proportions is given 
in Table III. It will be noted that increasing the volume of 
water gives no higher results. The ethanol is necessary as a 
carrier and the benzol as a swelling agent. Tests on another 
sample of reclaim A show 0.242 per cent alkalinity when the regu
lar volume of reagents was doubled, against 0.238 per cent for 
the prescribed volume.

T a b le  I— E ffec t o f R efin in g  (R ec la im  A)

T h i c k n e s s  o f  S a m p l e
N u m b e r  

o f  R e 
f i n i n g s

A l k a l i n i t y

T es t 1 T est 2 Av.

M m . Inch % % %
0 0762 0.003 1 0.312 0.300 0.306
0.0762 0.003 2 0.283 0.293 0.288
0.177S 0.007 1 0.272 0.279 0 .276
0.1778 0.007 2 0.280 0.292 0.286

T a b le  I I — C o m p a ris o n  o f M e th o d s  o f P re p a r in g  S a m p le  (R e c la im  G)

M e t h o d  o f  P r e p a r a t i o n

A l k a l i n i t y  

T est 1 T est 2

% %
Sheeted on refiner mill 0 .420 0.412
C ut in to  V i-inch (3-mm.) cubes 0.365 0.216

T a b le  I I I— E ffec t o f D ig e s tin g  R e a g e n ts

R e c l a i m T e s t

A l k a l i n i t y

Benzene, cc. 60 
E thano l, cc. 40 
W ater, cc. 100

60
40

200

100

1ÔÔ
1ÔÔ
100

% % % %
A 1 0.304 0.318 0.127 0.179

2 0.305 0.304 0.122 0.212
D 1 0.505 0.462 0 .248 0.453

2 0.507 0.462 0.248 0 .406

E f f e c t  o f  T im e  o f  D i g e s t i o n —A  sample of reclaim A  was 
digested for 2 and 3 hours with the extraction of 0.164 per cent 
and 0.165 per cent alkali, respectively. Observation showed 
that times less than 2 hours are insufficient to break up the sam
ple thoroughly.

A m o u n t  o f  W a t e r  A d d e d  a f t e r  D i g e s t i o n —Whether the 
water added after digestion is cold or hot did not affect the 
alkalinity value. The water caused the finely divided and ben
zene-swollen sample to form a semi-solid mass so that the ben
zene could be boiled off without any danger of loss of sample 
or liquor due to spattering. Five hundred cubic centimeters 
gave higher alkalinity results than lower volumes and were used 
as a practical upper limit convenient to handle.

N u m b e r  o f  W a s h i n g s —After decanting the liquor from the 
sample it was convenient to wash the sample in the flask. In 
washing with 75-cc. portions of hot water, it was found that the 
alkaline material became constant after the first washing. The 
alkalinity determination on the various washings will be found 
in Table IV.

T a b le  IV— E ffec t o f W ash in g

A l k a l i n i t y

r e c l a i m  b R E C L A IM  C

T est 1 T est 2 T est 1 T est 2

D eterm ined from decanted  liquor 
only

W ashings w ith 75 cc. ho t w ater: 
(1)
(2)
(.3)

✓ O /O

0.094  0 .106

0 .004  0 .003  
0 .004  0 .004  
0 .004 0.004

cr cr 
/C  i t /

0 .470  0 .466

0 .0 1 0  0 .010  
0 .004  0 .004  
0.004 0.004

E r r o r  C a u s e d  b y  R e t e n t i o n  o f  L i q u o r  b y  S a m p le —It is 
obvious that the sample retains some alkaline liquor, and since 
in the new method the sample is not squeezed, this is a source 
of error. In Table V is shown the approximate amount of liquor 
retained and the percentage error introduced by its retention.
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T a b le  V— E rro r  D u e  to  L iq u o r  R e ta in e d  by  S a m p le

R e c l a i m  B R e c l a i m  C

Cc. Cc.
D ccanted liquor plus washings 825 825
Liquor re ta ined  by  sample 25 23

T o tal liquor 850 848
% %

A lkalinity as determ ined on available liquor 0.114 0.486
C orrected a lkalin ity  based on to ta l liquor 0 .118 0.503
E rror due to  liquor held by  sample 3 .4 3 .2

A l k a l i n i t y

T est 1 T est 2 A v . Variation

% % % %
C ontro l 0.350 0.354 0.352
5%  R ed oxide (Fe’Oa) 0.351 0.354 0.353 + 0 .0 0 1
2%  Crimson an tim ony (SbiSi) 0.299 0.301 0.300 -0 .0 5 2

T a b le  V II— C o m p a ris o n  o f O ld a n d  New M e th o d s  o n  S evera l S a m p le s  
of D iffe ren t R ec la im s

R e 
c l a i m

S a m 
p l e

O p 
e r a 
t o r

O l d  M e t h o d N e w  M e t h o d

T est 1 T est 2 V aria
tion T est 1 T est 2 V aria

tion

A 1 Z 0.047 0.050 0.003 0.272 0.261 0.011
2 Z 0.028 0.040 0.012 0.225 0.225
3 Z 0.103 0.099 0.004 0.242 0.251 0ÍÓÓ9

B 1 Z 0.019 0.020 0.001 0.100 0.097 0.003
2 Z 0.022 0.014 0.008 0.116 0.116
3 Z 0.044 0.037 0.007 0.167 0.167
4 W 0.034 0.038 0.004 0.100 0.110 o!ôio
5 w 0.056 0.055 0.001 0.136 0.139 0.003
6 w 0.044 0.049 0.005 0.141 0.140 0.001
7 \v 0.041 0.046 0.005 0.111 0.122 0.011
8 \v 0.060 0.056 0.004 0.157 0.163 0.006

D 1 X 0.429 0.397 0.032 0.507 0.505 0.002
E 1 z 0.180 0.164 0.016 0.374 0.382 0.008

2 z 0.216 0.217 0.001 0.386 0.386
F 1 X 0.013 0.012 0.001 0.064 0.055 0!ÓÓ9
H 1 X 1.68 1.94 0.260 1.91 1.83 0 .08
I 1 X 0.819 0.585 0.234 0.96 1.05 0 .09

Alkalinity
R e c l a i m  O p e r a t o r

T est 1 T est 2 Variation

N E W  M E T H O D  A N D S A M E  S A M P L E

% % %
B X 0.123 0.126 0.003
B V 0.130 0.126 0.004
C X 0.487 0.484 0.014

Y 0.488 0.474 0.014
Z 0.488 0.488

G X 0.406 0.400 0.0Ö6
z 0.420 0.412 0.008

O L D  M E T H O D  A N D  S A M E  S A M P L E T IT R A T E D  W IT H M E T H Y L  R E D

T est 1 T est 2 T est 3

% % %
A X 0.083 0.099 0.062
A z 0.110 0.158 0.163

D—an experimental whole tire reclaim 
E—a carcass reclaim 
F—a digester tube reclaim
G—a whole tire reclaim processed in another factory 
H and I—tube reclaims processed in another factory

T a b le  IX — C o n tin u o u s  T o ta l  E i t r a c t lo n s

E f f e c t  o f  I r o n  a n d  A n t i m o n y  C o m p o u n d s  o n  R e s u l t s —  
The fact that trivalent antimony may be titrated with iodine 
led to the following experiment to determine whether iron or 
antimony would affect the results as obtained by an iodometric 
titration.

Two per cent of crimson antimony (Sb2S3) were added to a 
whole tire scrap (reclaim A) and refined on the laboratory mill. 
To another sample of scrap, 5 per cent of red oxide (Fe20j) were 
added and the reclaim finished as before. These were tested 
against a control reclaim made from the same sample of well- 
blended scrap. The figures given in Table VI show that trivalent 
antimony in the reclaim affects the titration with iodine while 
red oxide has no effect.

T a b ic  VI— E ffect of I ro n  a n d  A n tim o n y  C o m p o u n d s  A dded to  
R c c la lm  A

T i m e  o p  E x t r a c t i o n
A l k a l i n i t y  

Reclaim A  Reclaim  B

% %
F irst 24 hours 0 .375 0.089

Days
6 0.716 0.345

11 0.837 0.508
16 0.899 0.60S
21 0.953 0.684
26 0.999 0.750
31 1.018 0.783
36 1.030 0.814
41 1.038 0.837
46 1.045 0.860
51 1.048 0.865
55 1.048 0.865

Percentage extracted:
Old m ethod 0 .150° 0 .034“
New m ethod 0.3076 0.126«

Percentage of to ta l:
Old m ethod 14.31 3.93
New m ethod 29.29 14.57

0 Average of 2 tests. 
b Average of 4 tests.

The tests given in Table VII show a comparison of the 
method of extraction previously used (2), except that the re
digestion for 2 hours was not used, with the benzene-ethanol 
method described above. All titrations were made with 
the iodine-starch end point. This table shows the varia
tion which occurs with the old method in comparison with 
the new method. I t  will be noted that the new method ex
tracts two to five times as much alkaline material and conse
quently the percentage error in the new method is much

T a b le  V III— R e p ro d u c ib il i ty  o f R e s u lts  by  D iffe ren t O p e ra to rs

The experimental work given below was carried out on 
reclaims which will be designated as follows:

A—a regular production whole tire reclaim 
B—a specially washed whole tire reclaim 
C—an experimental whole tire reclaim

77 /n e Ju t P j y s

F ig u re  1—C o m p le te  E x tra c tio n s  of 
R e c la im s  A a n d  B

less than in the old method, assuming equivalent actual error 
in the test. However, examination of the figures in Table 
VII will show a less actual error in the new method, and conse
quently a much higher accuracy. The average error shown 
by these figures is 15.62 per cent for the old method and 
4.06 per cent for the new method. The results show also 
that the new method lines up different samples of the same 
reclaim better than the old method, which shows considerable 
variation between different samples.
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Tests run on the same sample of reclaim by different 
operators show that this method is not subject to the personal 
error which is caused primarily by the squeezing. The 
old method, however, cannot be depended upon to give 
reproducible results by the same or different operators as 
Table VIII shows.

In order to compare the amount of alkaline material ac
tually present with that extracted by the old and new method, 
a complete extraction was made on reclaims A and B. It 
was necessary to run this for 55 days until the percentage 
of alkaline material removed corresponded to the blank. 
Twenty-five-gram samples were digested in 800 cc. of boil
ing water continuously. At first the water was changed 
every 24 hours, while near the end of the experiment it was 
changed every 48 hours. Kilbourne and Miller (1) required 
about 60 days for determination of total alkalinity. Sam
ples of the same reclaims were also run by the old and new 
method. The results, given in Table IX, show that the old

method extracts 14.31 per cent and the new method 29.29 
per cent in reclaim A, and in the case of reclaim B, 3.93 per 
cent of the total was extracted by the old method and 14.57 
per cent by the new. While it is possible to achieve as high 
results as are given by the benzene-ethanol method by con
tinued extraction in water for at least 24 hours and upwards 
to 48 hours, this length of time is hardly practicable. The 
benzene-ethanol method may be completed in approximately 
5 hours.
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Purification  of Perch lo ric  Acid by V acuum  
D istillation1

G. Frederick Sm ith and O. E. Goeliler
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THE preparation of pure 
perchloric acid by all 
methods of manufac

ture requires that it be puri
fied by distillation. Distilla
tion of perchloric acid at at
mospheric pressure results in 
too great a loss through the 
formation of chlorine, oxygen, 
and water. The vacuum dis
tillation of perchloric acid is 
com plicated  by the pro
nounced tendency  the dis
tilling liquid shows to su
perheating. This phenome
non of superheating , to
gether with consideration  
of the pressure applied dur
ing distillation, is closely related to the rate of distillation. 
The object of the present paper is the study of the various 
factors influencing the design of vacuum distillation equip
ment for the purification of perchloric acid and its use in the 
separation by distillation from sulfuric and phosphoric acids.

Special Properties Associated with Vacuum  
Distillation of Perchloric Acid

The vacuum distillation of concentrated perchloric acid 
of approximately the constant boiling composition (72.4 
per cent at 760 mm.) up to the composition of the dihydrate 
(73.60 per cent) shows the following distinctive features: 
The distilling acid can be superheated to the extent of 30° to 
60° C. depending upon the pressure and the rate of application 
of heat. A thermometer placed in the liquid being distilled 
and another placed at varying heights in the vapors over the

1 R eceived A ugust 23, 1930. Presented before the  Division of Physical
and  Inorganic C hem istry a t  the  80th M eeting of the  American Chemical
Society, C incinnati, Ohio, Septem ber 8 to  12, 1930.

liquid will show wide differ
ences in temperature depend
ing upon the amount of su
perheating and the difference 
in level of the thermometer 
bulbs within and above the 
distilling liquid. The acid, 
therefore, is not in simple 
equilibrium with the vapors 
formed. The complex na
ture of the mixture of differ
ent forms of perchloric acid 
in this vapor phase is the 
subject of a subsequent 
paper. By regulating the 
pressure betw een the 
limits 0.0 to 18.0 mm., the 
temperature of the distill

ing liquid can be varied between 50° and 120° C. The
distillate under these conditions collects at the rate of
0.5 to 10 cc. per minute. No ebullition accompanies such 
distillations. Even with agitation of the strongly super
heated distilling acid, no ebullition results.

If the perchloric acid being distilled under reduced pressure 
contains dissolved gases some preliminary ebullition results. 
There are two methods of eliminating these dissolved gases: 
Chill the strong (71 to 72 per cent) acid before distillation to a 
temperature of —5°to —10° C. or lower. This method has the 
additional advantage that solids in solution, such as sodium, 
potassium, or other perchlorates, are also removed. Or first 
concentrate the perchloric acid to be distilled at atmospheric 
pressure until a temperature of approximately 200° C. is 
attained and the acid concentration has reached 71.5 to 72 
per cent using the same still for the concentration as that to 
be employed in the vacuum purification. The temperature 
of the concentrated acid-is then allowed to fall to from 80° 
to 90° C. and the distillation continued at reduced pres
sure.

Special designs of stills for the purification of per
chloric acid by vacuum distillation are described in 
cluding besides conventional designs a cold target type. 
Special features involved in the vacuum distillation  
of perchloric acid are shown to govern the design of 
the still to be used in its purification.

The variation in the acid concentration of both  
distillate and residue with change in pressure over the 
range 1 to 7 m m . is given.

The separation of perchloric acid from various 
am ounts of sulfuric and phosphoric acids by vacuum  
distillation is subjected to a careful quantitative 
exam ination, and the conditions under which com 
plete separations result are described. The tim e rate 
of distillation of various designs of stills is determined  
and the rate of d istillation shown to be directly pro
portional to the degree of superheating employed.
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Control of Factors Leading to Rapid Distillation  
by Changes in  Still Design

Several factors govern the design of a still for the purifica
tion of percliloric acid. The main ones are: First, the effi
cient condensation of the distilling vapors. This problem is 
made the more important by the fact that the vapors are 
at a temperature much higher than minimum distillation 
temperature because of the superheated condition of the 
distilling liquid. Second, the use of a target type of con
denser can be predicted as most efficient in both condensation

AA

F ig u re  1— S tl l lh e a d s  o f C o n v en tio n a l D esign

of the vapors emitted and in avoiding return flow of conden
sate. Third, the control of the degree of superheating by 
regulation of the pressure. This last factor is influenced in 
turn by the first two.

Dim ensions Applied to Stills of Conventional 
Design

Figure 1 shows two stillheads with dimensions included. 
The important dimensions are those of the inside diameter of 
the condenser tube and its length. As shown, the point of 
contact between the condensing side arm and the neck of the 
flask is placed as close to the balloon of the flask as indicated. 
This is possible because the liquid is distilling without ebulli
tion and is advisable to prevent return flow of condensed 
acid vapors. A 5-liter flask has been used successfully in 
connection with this design of still. This design does not 
provide for recovery of the condensed acid forming on the 
inside of the neck above the side arm. The length of the 
condenser arm was found to be suited to the use of ordinary 
tap water for cooling.

As a result of the tests upon stills AA  and BB given in 
Table I, it is observed that the latter gave both the best 
yield of finished product per unit of time and resulted in the 
greatest degree of superheating. A maximum application 
of heat which just failed to produce ebullition was employed.

Modification of Cold Target Design of Still

According to the explanation of the mechanism accounting 
for the phenomenon of superheating to be given in a later 
paper, the molecules of gaseous perchloric acid are projected 
through a probable film of oxonium perchlorate (OH3CIO4) 
upon the surface of the distilling liquid. In taking advantage 
of this phenomena and for the additional advantage of making 
the distillation apparatus more compact the cold target type 
of still illustrated in Figures 2 and 3 were designed and tested. 
These are of two types, those of A and B, Figure 2, which 
provide for the application of the pump connection at the end 
of a vertical condensing column and a refluxing of the con
densed acid vapors to be drained out at the lower horizontal 
outlet shown. Neither type A nor B was found to be suited 
by comparison with the conventional form of still shown in 
Figure 1. This type of still has a further disadvantage that 
if operated at pressures greater than 7 mm. there is some 
probability that anhydrous perchloric acid may be formed in 
some quantity and fail to be condensed before passage through 
the pumping system. The stillheads C and D, Figure 2, 
and the design shown in Figure 3 were found more efficient 
in condensing the distilling vapors and in addition are more 
compact. The drawings of Figure 2 do not show the con
denser chamber water-cooling jackets in place. The perform
ance of these (Figure 2) stills, with the exception of type 
A, is shown in Table I.

The most satisfactory still design of all those studied 
is shown in Figure 3. This type differs from those of Figure 2 
in that the double ring seal at the top of the distilling flask 
is eliminated and the length of the tubular from the top of 
the distilling flask into the condensing chamber is changed. 
I t was observed in the cold target type of condenser that 
practically all of the vapors condensed at the upper end of 
the cooled target which is in accordance with the funda
mental principles underlying the construction of such a still. 
The cooling surface is thus materially diminished. The 
ground stopper used to charge the still and support the ther
mometer (an Anschutz of range 50° to 105° C.) also provides 
for the use of a little concentrated perchloric acid to seal the 
stopper against leaks. The receiving flask is attached using a 
rubber stopper and the connection made to the vacuum pump 
using rubber pressure tubing. This form of still provided 
for the greatest degree of superheating and the best time 
rate of distillation, as shown in Table I. I t is the most easily 
charged and recharged of those designs shown and is by far 
the most compact. I t  is more expensive than the conven
tional type of Figure 1, which is practically its only dis
advantage. All the subsequent tests of the present paper 
were made using this type of distillation equipment.

T a b le  I— R a te  o f D is ti l la t io n  a n d  W o rk in g  T e m p e r a tu r e  o f V ario u s
T y p es  of P e rc h lo r ic  A cid  V a c u u m  S ti l ls  a t  1 to  2 m m . P re s su re

D istillation T empe ra tur e D istillation
T yp e Rat e M axim um Average R ate 50° C.

Kg. per hour ° C. 0 C. Kg. per hour
AA 1.05 77 75 0 .2 0
BB 1.14 89 85 0 .18
B 0.90 86 84 0 .1 0
C 1.04 90 88 0 .1 0
D 0 .93 91 85 0 .10
Fig. 3 1.19 94 93 0 .08

An examination of the data of Table I shows the superi
ority of the distillation apparatus designed according to 
Figure 3. The maximum rate of distillation is seen to 
accompany the greatest degree of superheating and the highest
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average temperature of distillation. The strength of the 
acid distilled in these tests was 71 to 72 per cent.

Further Considerations in Purification of 
Perchloric Acid

Crude perchloric acid made from technical grades of 
ammonium perchlorate after concentration to from 70 to 72 
per cent strength at atmospheric pressure will have, after 
cooling and gravity separation of the solid perchlorate im
purities (potassium, sodium and ferric perchlorates, and de

oxides of chlorine. Concentration to 72 per cent crude 
perchloric acid has the additional advantage that soluble 
impurities become less soluble to be removed later by chilling. 
In the distillation of even the crudest of perchloric acid, the 
process can be carried out until two-thirds of the starting 
material is distilled, and with more pure forms until 90 per 
cent of the starting product has distilled. This process of 
distillation which includes no ebullition makes it particularly 
suited to the freeing of perchloric acid from soluble solids 
because of the absence of spray from the distilling liquid.

hydrated silica), variable amounts of soluble impurities to be 
removed by vacuum distillation. The degree of dehydration 
of silicic acid and the extent to which soluble impurities are 
removed will depend upon the temperature applied during 
the concentration at atmospheric pressure and the tempera
ture to which the acid is chilled prior to the separation of 
solid impurities.

Crude ammonium perchlorate is made by a large number 
of technical modifications of essentially the same process, and 
the degree of purity depends upon the particular process 
employed and upon the question of its purification by re- 
ciystallization. Varieties of crude ammonium perchlorate 
containing appreciable amounts of potassium perchlorate 
are particularly objectionable, but varieties having as high 
as 5 to 6 per cent of sodium perchlorate are profitably em
ployed in the manufacture of perchloric acid. The natural 
tendency is to fail to concentrate the crude acid to a tem
perature of approximately 200° C. at atmospheric pressure in 
the preparation of 72 per cent acid for vacuum distillation. 
This is because appreciable decomposition of the hot acid 
results, a great portion of which decomposition takes place at 
190 ° to 200° C. This decomposition can be almost completely 
eliminated by using large enough vessels in the concentration 
at ordinary pressures. Twenty-liter, round-bottom, Pyrex 
flasks serve well. Starting with such a flask of dilute (20 to 
30 per cent) perchloric acid, at the point of concentration 
to 72 per cent acid the flask is approximately one-third full. 
Under these conditions the known tendency (1) of the con
centrating acid to form lower hydrates which decompose, 
is offset by their reaction with the water vapor being expelled 
which counteracts their decomposition into chlorine and

Variation in Acid Strength as Governed by Pressure 
of Distillation

The distillation of 73.60 per cent perchloric acid was 
carried out using the still design of Figure 3 at various pres
sures from 0.5 to 7.0 mm. The variation in the composition 
of the distillate and undistilled residue in the distilling flask 
was then examined by the determination of the density'of the 
products obtained. The data obtained were of importance 
because of their bearing upon a process for the preparation 
of perchloric acid dihydrate by vacuum distillation. The 
method of determining the density of the various acids thus 
obtained will be given in a subsequent paper. The results 
of these determinations are given in Table II.

T a b le  I I —V a r ia tio n  In  A cid C o n c e n t r a t io n  R e s u l t in g  f ro m  D is t i l la 
t io n  o f 73.60 P e r  C e n t  P e rc h lo r ic  A cid  a t  P re s su re s  b e tw e e n  

0.5 a n d  7 m m .
D istillate  R es i d u e  

D ens it y  D ens it y  D if f er en c e
2 5 °/4 °  C. 2 5 ° /4 °  C. D ens ityP r es su r e

M m .
0 .5 -12.0-2.5
4 .0 -4 .5  
6 .5 -7

1.71600
1.71545
1.71383
1.71211

1.71621
1.71520
1.71416
1.71190

0.00021
0.00025
0.00033
0.00021

A cid in  
R e s i d u e - 

D istillatb

%
+ 0 .1 5+0.1S
+ 0 .2 3
- 0 . 1 5

r  An examination of this table shows that the maximum 
difference obtained in acid composition between distillate 
and residue between the range 0.5 to 7 mm. is 0.30 per cent. 
Thus by plotting the values obtained from the density of the 
acid of the distillate at various pressures of distillation as 
a function of the acid composition, it is observed that the 
pressure producing acid of the exact dihydrate composition is 
5.7 mm. The plot of the data is shown in Figure 4. The
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T a b le  I I I — S e p a ra tio n  o f P e rc h lo ric  A cid  f ro m  S u lfu r ic  a n d  
P h o s p h o r ic  A cids a t  S evera l T e m p e ra tu re s  a n d  P re s su re s  

Perchloric acid used, 71-72% ; volumes distilled, 500 to  3000 grams, 
per cent acid distilled, 50%

C o n ta m in a tin g  A cid TEMPERATURE P r e s s u r e

A t s ta r t In  d is ti lla te
% Gram ° C. M m .

S u lfu ric  acid
0 .2 0.0000 65-80 1

2-4 0.0039 105 10
4-5 .7 3 0.00-12 105 10
2 -4 .1 0.0013 75-85 1

4 .1 -6 .2 0.0024 75-85 1
6 .2 -1 0 .4 0.009 75-85 1

P h o sp h o ric  acid
3 .5 -1 2 .8 N one 75-85 1

1 2 .8 -1 9 .9 N one 75-85 1
19.9-36 T ra c e 75-85 1

I t would be predicted from a general knowledge of the 
variation in vapor pressure with the temperature that the 
separation of perchloric acid from both sulfuric acid and 
phosphoric acid would be more complete the lower the pres
sure of distillation. I t would also be predicted that the 
sulfuric acid contamination would be the most difficult to 
remove. In the case of the mixed solutions of sulfuric and 
phosphoric acids with perchloric acid studied, the contami
nation was purposely made far more extensive than would 
ever be the case in the use of any serviceable stock of am
monium perchlorate for the manufacture of perchloric acid. 
The data resulting from the study of this purification are 
given in Table III.

F ig u re  3—D esign  fo r  C o ld  T a rg e t  S ti ll

density of the exact dihydrate was taken from unpublished 
data as 1.71282 at 25°/4° C.

Separation of Perchloric Acid from Sulfuric and 
Phosphoric Acids

The cheapest method of manufacture in the preparation 
of perchloric acid consists in the oxidation of ammonium per
chlorate (1). By this process any ammonium sulfate or phos
phate impurity in the raw materials would result in a con
tamination of perchloric acid produced, which would require 
the purification of the same by a distillation process capable 
of separating perchloric acid from sulfuric and phosphoric 
acids. The study was therefore made by this separation 
using the vacuum still of Figure 3, at varying pressures and 
with varying amounts of contaminating sulfuric and phos
phoric acids.

The process in the case of both sulfuric and phosphoric 
acid was as follows: 71 to 72 per cent perchloric acid was 
adulterated with known quantities of sulfuric and phosphoric 
acids in separate determinations starting with 2 per cent by 
weight of the particular acid as impurity. The distillation 
was then carried out until a given portion of distillate was 
collected at a given pressure of distillation and the distillate 
set aside for further examination. The residue in the still, 
assuming the amount of contaminating acid carried over in 
the first operation was small, has a new ratio of contaminating 
acid which can be tested for complete separation by a further 
distillation. The second distillate is then set aside for 
analysis and the process continued. The extent of the con
tamination of the acid being distilled may then be taken as 
the mean of the starting and finishing concentrations.

The extent of the contamination of the distillate of per
chloric acid by the sulfuric or phosphoric acid was deter
mined in each case by its second distillation under the same 
conditions with an analysis of the total residue in the still 
for the contamination involved. The accuracy of this 
process depends upon the practically complete separation 
of the contaminant in one operation.

The following conclusions can be drawn from the experi
ments listed in Table III.

For the separation of perchloric acid from sulfuric acid, 
if the contamination of the distillate is to be restricted to 
0.001 per cent, the original impurity of sulfuric acid must not 
exceed 4 per cent and the pressure and temperature of the 
distillation must be as low as possible. The possible con
tamination is slowly increased by allowing the pressure to 
increase together with the temperature. The amount of

F rc  i  i  u rc

F ig u re  4—P lo t  o f D a ta  U sed to  D e te rm in e  E x a c t D lh y d ra te  
C o m p o s i t io n  of P e rc h lo ric  A cid

sulfuric acid is not more than 0.004 per cent up to a concentra
tion of 6 per cent of sulfuric acid in the product purified even 
under the most unfavorable conditions of temperature 
and pressure. The amount of sulfate in crude ammonium 
perchlorate is never great enough to require that the per
chloric acid made from it be twice distilled in vacuo in order 
to completely free it from sulfuric acid.
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The separation of perchloric acid from phosphoric acid 
is not a problem even up to a contamination of 36 per cent 
if the temperature and pressure of the distillation is low, and 
probably the separation is equally good under the most un
favorable conditions. The data obtained in connection with 
the separation of perchloric acid from phosphoric acid prove 
that no contamination of the distillate resulted from spray

produced by ebullition or otherwise mechanically. This 
fact proves that the process is particularly adapted to the 
separation of perchloric acid from solid impurities by dis
tillation.
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P erchloric  Acid as a N ew  Standard in  A cid im etry1
G. Frederick Sm ith and W. W. Koch 
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THE object of this paper 
is the description of a 
process for the prepa

ration by vacuum distillation 
of perchloric acid to be used 
as a standard in acidimetry.
The p ro d u c t ob ta ined  
corresponds most closely 
to the d ih y d ra te  (HC104-  
2Ii20, theory 73.603 per 
cent HCIO4). W ith in  the 
lim its  of the pressure 
range used in this process,
2 to 7 mm. of mercury, the product obtained agrees with the 
composition of the true dihydrate as well as the analysis of 
the product can be determined, 73.60 ±  0.03 per cent, or an 
accuracy of one part in approximately 2500. It will be 
shown that the conditions of preparation are conveniently 
attained and easily duplicated.

Briefly the process is as follows: Perchloric acid of 72 per 
cent strength is distilled in a properly designed still at 2 to 7 
mm. pressure until half the product has been fractionated. 
The distillation is interrupted and the distillate discarded. 
The residue is then distilled under the same conditions to 
obtain the standard product.

Distillation Apparatus

The apparatus, shown in Figure 1, consists of a modified 
Claisen flask, A, 500 ce., fitted with a ground glass stopper 
with hook for supporting an Anschutz thermometer 50° to 
100° range. The side arm of the flask is sealed at the top 
and the condenser jacketed portion provided with the ground 
glass terminal shown, to which the 500-cc. receiving flask, C, 
is attached. The side arm of the flask A should provide an 
opening leading to the condenser tube approximately 12  mm. 
wide instead of 20 to 25 mm. as is ordinarily the case with the 
unmodified flask. Condenser B should provide 200 to 225 
mm. of cooling surface length and the inner tube should be 
10 mm. inside diameter. Flask C connects through its side 
arm to a good rotary oil pump. Between flask C and the oil 
pump is a differential mercury gage of the closed tube type 
reading pressures over a range of 0 to 20 mm. and should be 
accurate to ±0.5 mm. Between flask C and the oil pump is 
placed a soda-lime tube 25 to 35 mm. in diameter by 200 mm. 
long provided at each end with a 13 to 15 mm. adaptor. An 
air release inlet tube should be placed between the flask C 
and the soda-lime tube. Rubber tubing is used to make 
connections on the pump side of flask C. The ground glass 
union in the neck of flask C may be replaced by a rubber

1 R eceived A ugust 23, 1930.

stopper. Condenser B em
ploys a moderate stream of 
cold tap water.

Distillation Operation

The unusual features of the 
distillation operation in the 
case of perchloric acid have 
been fully described in an
other paper (S) and reference 
to this paper must be made 
for a correct understanding of 
this operation. The vacuum 

distillation of perchloric acid is not a hazardous operation. 
All pure perchloric acid of commerce is prepared by vacuum 
distillation. It is well to conduct the operation out of possible 
contact with wood or other inflammable material as fire may 
result in case of breakage. The distillation of perchloric acid 
under atmospheric pressure is accompanied by some de
composition to form chlorine, oxygen, and water. Such 
decomposition does not occur in the process described.

T a b le  I-—B o llin g  P o in t  a n d  D e n s ity  o f V a rio u s  P e rc h lo r ic
A cid  S o lu t io n s

D e n s it y HCIO*
HClO< B. P . 760 mm . 1 5 °/4 °  C. 2 5 ° /4 °  C. D is t il l a t e

%  by wt. ° C. %  by wt.
56.65 148.0 1.49 1.48
61 .2 162.3 1 .55 1.54 0 .9
65 .2 181.2 1.61 1 .60 6 .06
70.06 198.7 1.67 1.66 40.11
71 .0 200 .8 1.69 1.67
72 .4 203.0 1.71 1.69 72^4

Selection of Perchloric Acid Used as Starting  
Material

Perchloric acid is usually purchased in the form of a 60 per 
cent solution. A solution of 72 per cent acid is more satis
factory and can now be obtained from the better supply 
houses. It may be made conveniently following the Willard
(8) method of the oxidation of pure ammonium perchlorate 
with nitric and hydrochloric acid. Pure acid is preferred but 
relatively impure or “commercial” acid may be purchased 
and purified by distillation under reduced pressure. The 
distillation of constant boiling perchloric acid (the 72.4 per 
cent acid of Table I) may be carried out at atmospheric 
pressure but the loss by decomposition is appreciable. Acid 
less concentrated than 72 per cent may be converted to the 
constant boiling strength by boiling at 760 mm. until the 
temperature reaches 203° C. Decomposition begins at 60 
per cent acidity and increases in amount as the reaction 
temperature increases. Two methods serve for its rough 
analysis, the determination of its density or its boiling point. 
Values for use in this connection are given in Table I. These

A still design to be used in the preparation of stand
ard 73.60 per cent perchloric acid by vacuum distillation  
is described and a study made showing the variation 
in product w ithin the pressures 2 to 7 m m .

An indirect m ethod of analysis has been employed 
com bining the use of constant boiling hydrochloric 
acid and a precision type of Foulk chain hydrometer 
in  the analysis of 73.60 per cent perchloric acid obtained  
by this process.

Explanation is made of the effect upon and control 
of variables known to be related to the process de
scribed.
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values were found by reference to the work of van Wyk and 
van Emster (9,1).

Preparation of Materials

P e r c h l o r i c  A c i d —Prepared by the method of Willard (8). 
For other method see Goodwin and Walker. (4) (anodic 
oxidation of hydrochloric acid).

B a r i u m  H y d r o x i d e —Prepared approximately 0.1 N' from 
pure barium hydroxide dissolved in conductivity water with 
filtration into resistance glass bottles containing air free from 
carbon dioxide. I t  was preserved out of contact with carbon 
dioxide at all times and wras standardized before use and 
again after most of it had been used up. Precisely concordant 
results were obtained for both standardizations.

S t a n d a r d  A c id —Constant boiling hydrochloric acid 
wras prepared following in every detail the directions of Foulk 
and Hollingsworth (2).

I n d i c a t o r —The sodium salt of dibromothymolsulfon- 
phthalein (bromothymol blue) was prepared as described by 
Lubs and Clark (6). The color change from yellow at a pH 
of 6.0 to blue at pH of 7.6 with green at the transition point, 
serves both in natural and in artificial light. Correction was 
made for the small amount of standard solution necessary for 
the end point color change.

W a t e r —Conductivity water was used throughout.

Method of Analysis

S a m p l i n g —Both the constant boiling hydrochloric acid 
and the samples of perchloric acid were weighed in small 2-cc. 
glass bulbs having finely drawn capillary openings (miniature 
Dumas vapor density bulbs). These were filled by bending 
the capillary openings into a V shape, placing the open end 
within the sample to be taken contained in a small test tube, 
and warming the bulb to displace the air within by the acid of 
the sample. The sampling ampules wrere then cooled to 
room temperature and the capillary opening sealed by fusion 
with a fine blast flame. The difference between the weight of 
the sample tube and contents and the empty sampling tube, 
corrected for the weight of the fine capillary tube sealed off, 
gave the weight of the contents. The weight of the sample 
was not corrected for the weight of air over the sample which 
was somewhat different before and after sealing because of 
temperature effects. This correction was in all cases negli
gible for the reason that the sample tubes were nearly full in 
each*case.

W e i g h i n g — All weighings were made using a Troemner 
balance accurate to —0.02 mg. The weights used were

calibrated by the Bureau of Standards and buoyancy cor
rections were applied.

P r e p a r a t i o n  a n d  T i t r a t i o n  o f  S a m p l e s —The filled 
sampling ampules, together with the capillary tube from the 
same, were added to a titration beaker. The sampling bulb 
and the capillary tube were broken and crushed under 100 to 
150 cc. of water and a measured portion of the indicator 
solution added. The acid was then titrated with the stand
ard barium hydroxide solution using weight burets (7). 
The weight of acid taken corresponded to from 100 to 200 
grams of titrating solution. Both the standardization of the 
barium hydroxide solution against constant boiling hydro
chloric acid and the titration of the unknown perchloric acid 
samples were carried out in exactly the same way.

Yield of Perchloric Acid as Function of Strength 
of Starting Material

In order to obtain data concerning the rate of concentration 
resulting from the vacuum distillation of various strengths of 
starting material, a fractional distillation of three different 
starting concentrations was made. The data are recorded 
in Table II.

T a b le  I I — F ra c t io n a l  D is t i l la t io n  of P e rc h lo r ic  A cid
1-5 to  7.5 mm. pressure; 2000 cc. still

F r a c t i o n W e i g h t

F r a c t i o n

D i s t i l l e d HCIOa Av. HCiOi
Crams % by vol. % %

1 190
70 P E R  C E N T  A C ID

9 .0 51.03 51.05

2 290 12.0
51.07
66.72 66.74

3 300 11.0
66.75
72.49 72.51

4 230 9 .0
72.52
73.03 73.06

5 220 8 .6
73.08
73.02 73.00

6 225 8 .8
72.98
73.31 73.33

7 113 4.4
73.35
73.09 73.09

Residue 932 36 .5
73.09
73.65 73 .65

1 190
71 P E R  C E N T  A C ID

7 .8

73 .65

61.09 61.11

2 230 9 .1
61.13
67.15 67.16

3 240 9 .3
67.16
71.31 71.31

4 260 9 .9
71.30
72 .90 72.88

5 250 9 .5
72.86
73.45 73.45

6 260 9 .8
73.45
73.52 73 .53

99 3 .5
73.54
72.64 72 .63

Residue 1070 40 .5
72.63
73.55 73 .55

1 191
72 P E R  C E N T  A C ID

7 .9

73.55

60.02 60.02

2 253 9 .8
60.03
69.24 69.23

3 254 9 .5
69.21
72.00 72.00

4 254 9 .5
72.00
73.08 73 .06

5 294 10.9
73.05
73.02 73.01

Residue 1417 52.5
73.00
73.59 73.57
73.54

As shown in Table II the yield of acid corresponding most 
closely to the dihydrate (HC10i-2H20) from 70, 71, and 72 
per cent perchloric acid as starting material is 36.5, 40.5, and
52.5 per cent by volume, respectively. I t is therefore ad
vantageous to start with the 72 per cent acid in order to 
arrive at the best yield of the finished product. Concentra
tion takes place rapidly in all cases up to the 73 per cent 
range after approximately 35 per cent by volume has been 
distilled. Less rapid concentration results after 73 per cent 
acid concentration is reached, but the yield from all three 
starting strengths is excellent for this type of preparation.
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Factors Influencing Selection of 2 to 7 m m . as Pressure 
Range of Distillation Yielding Standard 

73.60 Per Cent Perchloric Acid
The complex nature of the various possible dissociations of 

perchloric acid to form the different known hydrates during 
vacuum distillation over the pressure range 0 to 18 mm. has 
been fully discussed in another paper (S). From this work, 
which should be consulted for a proper understanding of the 
reactions involved, it is apparent that above 7 mm. pressure 
the distillate starting with 73.6 per cent acid strength con
tains the following hydrates of perchloric acid: HC104.3H20 , 
HC104.2H20, and HCIO4 (anhydrous). Depending upon 
the ratio of the various hydrates formed, which in turn de
pends upon the pressure of distillation, it would be predicted 
that a distillate of varying composition would be obtained. 
The distillate obtained at 7 mm. pressure and below most 
nearly corresponds to 73.60 per cent perchloric acid (S).

Below 7 mm. pressure any variation in the acid concen
tration as a result of the formation of other hydrates than 
the dihydrate (HCIO.1.2II2O) is corrected for in the use of the 
still described in Figure 1. The side arm of the Claisen flask 
A provides a reflux chamber in which the other two forms 
HC10<.3iI20  and HCIO4 (anhydrous) are caused to combine 
and reflux into the distillation chamber. Variations in 
pressure below 7 mm. result in the formation of a distillate of 
such uniform composition, therefore, using the apparatus 
described, that the process conforms practically to the re
quirements leading to a method for the preparation of a new 
standard for acidimetry.

Determination of Lower Lim it of Pressure Permissible 
in  Process Employed

If the upper limit of pressure as indicated (3) is 7 mm. for 
all practical purposes, there remained the determination of 
the lower limit below which the distillation could not be 
carried out without appreciably affecting the acid concen
tration of the distillate. This was determined using the 
apparatus of Figure 1 with the 73.60 per cent perchloric acid 
and gradually decreasing pressures starting with 7 mm. The 
lower limit found by the analysis of the distillate at vari
ous pressures below 7 mm. was 2 mm. This is not a serious 
handicap since without the use of special equipment a pressure 
less than 2 mm. is hard to attain with the apparatus described. 
Furthermore the magnitude of the possible error is small as 
shown in the following manner:

The 73.6 per cent perchloric acid was distilled in an appa
ratus similar to that of Figure 1 except that all ground joints 
were eliminated by glass seals and a mercury vapor pump and 
liquid air trap used to increase the vacuum produced by the 
oil pump. Distillations were carried out using a pressure 
range of 0.02 to 0.1 mm. as determined using a McLeod gage.

Three hundred and twenty-three grams of acid were dis
tilled and 150 grams of distillate obtained. A second portion 
of 360 grams of acid was distilled and 130 grams of distillate 
obtained. The two residues were then combined and 200 
grams from these distilled. A distillate of 115 grams was 
thus obtained and the residue of 85 grams analyzed. I t was 
found to be 73.8 per cent perchloric acid. The analyses of the 
preliminary residues showed that most of the concentration 
that has resulted took place in the early stages. The analyses 
of the distillates showed them to be correspondingly weak in 
acidity, 73.27 per cent. The temperature during these dis
tillations varied between 60° and 70° C. There is, therefore, 
little danger of error due to distilling at too low pressure.

Preparation and Analysis of Constant Strength  
Perchloric Acid for Use as New Standard 

of Acidimetry
To test the application of the apparatus described and the 

pressure range determined, a series of acid samples were

prepared in the apparatus described using approximately 
72 per cent perchloric acid as starting material and various 
pressures between 2.2 and 7.0 mm. Most of these prepa
rations were carried out at 3.5 to 5.0 mm. pressure since 
this range represents the mean between the two extreme 
pressures permissible; 300 to 400 cc. of 72 per cent perchloric 
acid were distilled and the samples taken from the second 
fraction after the original material had been half distilled.

The samples of standard perchloric acid were analyzed by 
an indirect method depending upon the determination of 
their relative density. Two reference samples, one greater 
and one lower in density, were then carefully analyzed as 
previously described. Assuming a linear relationship to 
exist between the density and percentage composition of 
samples intermediate in density between the two reference 
solutions, the percentage composition of the sample being 
analyzed was determined graphically. That such a linear 
relationship exists was determined by van Emster (1).

The relative density of the samples of perchloric acid to be 
analyzed was determined using a precision type of Foulk 
chain hydrometer previously described (5). The two refer
ence samples by analysis were 73.49 and 73.51 per cent, 
average 73.50 per cent, perchloric acid, and 73.69 and 73.71 
per cent, average 73.70 per cent, perchloric acid. The chain 
hydrometer float position differed in equilibrium with these 
two reference solutions from reading 60 to reading 150 on a 
millimeter scale. Thus each displacement of 1 mm. in the
position of the chain hydrometer float corresponded to
or 0.0022 per cent change in acidity in the sample being 
analyzed. The analysis of the samples of perchloric acid 
intended to represent standard material is given in Table III.

T a b le  I I I — A n a ly sis  o f P e rc h lo r ic  A cid by  G ra p h ic a l  I n te r p o la t io n  
o f R e la tiv e  D e n s itie s

P r e pa r a t io n H y d r o m e t er C alcd .
S a m pl e P r e s s u r e R e a d in g HClO*

R ef/N o .’ l  
R e f/N o . 2

M m . Hg M m . %
73.50  (by analysis) 
73 .70  (by analysis)

1 3 .5 -5 .0 97 73 .58
2 3 .5 -5 .0 102 73.59
3 3 .5 -5 .0 120 73.63
4 3 .5 -5 .0 99 73 .58
5 2 .2 91 73.57
6 6 .5 -7 .0 100

M ean
73.59
73.59

By reference to this table it will be seen that if the pressure 
range 3.5 to 5.0 mm. is maintained, the average strength of 
the perchloric acid, obtained by distillation of approximately 
72 per cent perchloric acid in the apparatus described, results 
in the preparation of perchloric acid of composition 73.60 
per cent. This value is obtained if the distillate from the 
last 50 per cent of the distillation is taken. At pressures 
between 2 mm. and 7 mm. the variations in percentage 
composition of the perchloric acid obtained is inappreciable.' 
I t is at once apparent that slight variations in the pressure 
during distillation or slight inaccuracies in the reading of the 
pressure-recording device are of no appreciable influence 
upon the composition of the final product.

Specific Gravity of 73.60 Per Cent Perchloric Acid

Relative density measurements only were required for the 
purpose of this investigation. The determination of the 
specific gravity of 73.60 per cent perchloric acid gives 1.71282 
at 25°/4° C. The ideal pressure for the distillation of 73.60 
per cent perchloric acid has been shown to be 5.7 mm. (S).

Summary of Directions for Preparation of 73.60 
Per Cent Perchloric Acid

Pure 72 per cent perchloric acid is distilled under a vacuum 
of 2 to 7 mm. in an apparatus described in Figure 1. When
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one-half of the product has been distilled the process is dis
continued and the distillate set aside. A clean dry receiver is 
then used to collect the second fraction distilled under the 
same conditions. The pressure may vary between the 
limits given. A pressure of 5 to 6 mm. is best and most 
easily obtained. The rate of distillation is of no consequence 
and the temperature varies between C0° and 95° C. depending 
upon the rate of application of heat. The product obtained 
by this process varies =*= 0.03 per cent in acid content and 
=*= 0.0004 in specific gravity.

If the starting material is 71 per cent perchloric acid the 
conditions are the same except that 60 per cent is distilled and 
discarded. Starting with 70 per cent perchloric acid 65 per 
cent of the distillate is discarded.

Perchloric acid of this standard strength is slightly hygro
scopic and fumes very faintly. I t  should be weighed with the 
usual precautions to prevent absorbing atmospheric moisture.

To prepare a solution of normal perchloric acid using the 
product obtained in the manner described a sample weighing 
136.4201 grams (using brass weights and assuming average 
humidity and temperature) is weighed and diluted to 1000 cc.

Comparison of Preparation of Constant Boiling 
Hydrochloric Acid with That of Standard 

Perchloric Acid

The preparation of standard perchloric acid can be com
pared with the preparation of constant boiling hydrochloric 
acid in the following manner:

The pressure of distillation must be known in the case of 
hydrochloric acid and the use of a barometer is required. 
With perchloric acid the pressure may vary over the range 
2 to 7 mm. and a very simple pressure-recording device may 
be used and the barometer eliminated. The preparation of 
constant boiling hydrochloric acid must be carefully con
trolled as regards the rate of distillation and prevention of 
bumping. The perchloric acid process does not vary with 
the rate of distillation which may be twice as great as in the 
former process, and the distillation is free from ebullition.

One cubic centimeter of 73.60 per cent perchloric acid 
(sp. gr. 1.71) equals 2 cc. of constant boiling hydrochloric acid 
in equivalents of acid contained. Since perchloric acid can 
be distilled by the process just described at twice as great a 
rate, and since 50 per cent of the starting product is obtained 
in comparison with 25 per cent for the hydrochloric acid, the 
yield of perchloric acid obtained in a given time as compared 
to hydrochloric acid may be as much as eight times as large.
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D issociation of Concentrated Perch loric  Acid during 
Vacuum  D istillation at M oderately L ow  Pressures1

New Method for the Preparation of Anhydrous Perchloric Acid
O. E. Goehler and G. Frederick Sm ith

D e p a r t m e n t  o f  C h e m i s t r y , U n i v e r s i t y  o f  I l l i n o i s , U r b a n a , I I I .

THE following descrip
tion has for its object 
the study of the nature 

of the process and products 
formed during the vacuum 
distillation of concentrated 
perchloric acid in the pressure 
range 8 to 18 mm. Perchloric 
acid of approximately the 
composition of the dihydrate 
(HC104.2H20, 73.6 per cent 
acidity) will be shown under 
the conditions named to un-

A study of the vacuum distillation of 73.3 to 73.6 
per cent perchloric acid has been made over the pres
sure range 7 to 18 m m. and an apparatus described 
for the preparation of anhydrous perchloric acid in 
yields of 7 to 10 per cent of the weight of the starting  
product.

The anhydrous perchloric acid formed is shown to 
be more stable than that prepared by use of previously 
known processes.

The m echanism  of the distillation described is ex
plained, and this explanation found to be dependent 
upon the implied existence of a surface film of oxonium  
perchlorate (0H3C10<).

The procedure employed con
stitutes the only distillation 
method known requiring no 
desiccating agent to accom
plish this dehydration. A 
further distinctive featu re  
consists in the minimum of 
hazard involved in the prepa
ra tio n  of explosive anhy
drous perchloric acid.

Historical Data

dergo a set of dissociations
formerly little known. An attempt to explain the mechanism 
of these dissociations will be made and the design of a special 
still particularly well adapted to such a study will be described. 
Under suitable conditions this process serves as a new method 
for the formation of anhydrous perchloric acid in somewhat 
small but satisfactory yields. The dissociation reactions 
involved are represented as follows:

4HC104-2H20  
20H aC104 — 5

2HC104-3H20  +  20H äC10< (1)
HC104-2H20  +  HCIO, (anhyd.) (2)

1 Received A ugust 23, 1930. Presented before the  Division of Physical 
and  Inorganic  C hem istry a t  the 79th M eeting of th e  American Chemical 
Society, A tlan ta , Ga., April 7 to  I I ,  1930. A portion of a  thesis presented 
by  O. E . Goehler in partia l fulfilm ent of th e  requirem ents for th e  degree 
of doctor of philosophy in th e  G raduate  School of th e  U niversity of Illinois.

The first important study 
of anhydrous perchloric acid 

and its monohydrate was made by Roscoe (2). The existence 
of a constant boiling mixture with water (72.4 per cent at 
760 mm., b. p. 203° C.) was shown. The anhydrous acid was 
prepared by the reaction between potassium perchlorate and 
95 per cent sulfuric acid and by the distillation of constant 
boiling perchloric acid with 95 per cent sulfuric acid at 110° 
C. Perchloric acid monohydrate was prepared by dilution 
of the anhydrous acid with water or strong perchloric acid. 
This crystalline perchloric acid monohydrate at 100° C. 
gives a distillate of anhydrous acid and a residue correspond
ing to the composition of the dihydrate.

A more comprehensive research on the identification cryo- 
scopically of the various hydrates of perchloric acid was 
made by van Wyk (5). The following hydrates were studied :
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H y d r a t e M e l t i n g  P o i n t

0  C.
HCIO4 (anhy.) - 1 1 2
HCIOvH îO +  50
H ClO r2H sO -  17 .8
2HC10<-5HS0 -  2 9 .8
HC!CV3H îO:

Alpha -  37
Beta -  43 .2

2HC10*-7Hj0 -  41.4

In the present discussion, for the sake of simplicity, any 
hydrate higher than the dihydrate will be designated as the 
trihydrate.

Special Properties Associated w ith Vacuum  
Distillation of Perchloric Acid

The vacuum distillation of concentrated (71 per cent) per
chloric acid or of the approximate constant boiling composi
tion (72.4 per cent at 760 mm.) up to the composition of the 
dihydrate (73.6 per cent) shows the distinctive features de
scribed in another paper (3). For a correct understanding of 
the present paper the former should be consulted. Under the 
conditions of vacuum distillation described below, the per
chloric acid being distilled is not in simple equilibrium with 
the vapors formed. An attempt to explain the pronounced 
tendency of distilling perchloric to superheat is a secondary 
objective of the present work.

Preparation of Materials and Apparatus Design

Perchloric acid, 70 to 72 per cent, was purchased from the 
usual sources. The approximate dihydrate of perchloric 
acid (composition 73.6 per cent) was prepared by vacuum dis
tillation of the former product discarding all but the last 
35 per cent of the distillate.

The distillation apparatus is shown in Figure 1 drawn to 
scale, and in Figure 2 set up read}- for use. Distilling flask F 
is provided with receiver flask R, reflux condenser C, and 
reflux trap T, to by-pass condensate from C into R. A train 
of three joining liquid air traps (shown without Dewar flasks 
adjusted) are designated H, B, and D. Each liquid air trap 
is provided with sealed off intake and efflux tubes to provide 
for recovery of the products obtained. Liquid air trap D 
connects directly to a good rotary oil pump of generous ca
pacity (a megavac pump) by means of rubber pressure tubing.

A closed tube differential mercury manometer (not shown) 
is inserted in this portion of the line. This manometer had 
been previously checked for accuracy against a McLeod gage. 
Adjustments in the pressure of the distillation are made by 
opening stopcock P connected with a high-grade drying agent 
(anhydrone—granular anhydrous magnesium perchlorate). 
Thermometers for determining the temperature of the dis
tilling liquid and vapors are supported by the stopper of 
flask F which is of the liquid seal type, moist with perchloric 
acid. Flask R is attached using a one hole rubber stopper. 
Flask F is heated by the use of a burner. Condenser C 
is cooled using tap water. No capillary air inlet to F is 
needed.

Distillation Operation

Flask F is charged with 250 to 350 grams of 73.4 to 73.6 
per cent perchloric acid and the system evacuated to 2 to 
5 mm. pressure. A 3 to 4 inch (7.6 to 10.2 cm.) flame from 
a Bunsen burner is then applied and at 75° to 85° C., depend
ing upon the pressure, vapors of the dihydrate pass into 
condenser C, condense and reflux into R. When 15 to 20 cc. 
of distillate have been collected the operation is discontinued 
and the flask R emptied, dried, and replaced. The purpose 
of this preliminary operation is to prepare the distilling liquid 
for the treatment at the higher pressures and consequent 
greater degree of superheating. During the preliminary dis
tillation, unless the acid is previously chilled, a slight degree 
of ebullition will result until dissolved gases are expelled. In 
this case some monohydrate may form in the vessels of the 
condenser. Some few trial runs are advisable to familiarize 
one with these operations.

The distillation is now carried out at pressures varying 
from 8 to 18 mm. within a 1-mm. maximum variation 
for any individual run. The pressure adjustment is easily 
made through use of a stopcock P  if the oil pump has suf
ficient capacity. The traps H, B, and D are immersed in 
liquid air and the cooling water in C adjusted in rate of flow 
sufficient to cause a slight deposition of crystals of mono
hydrate (OH3CIO4) at its extreme upper end. These crystals 
must be maintained in the condenser during the whole dis
tillation process. Perchloric acid dihydrate and trihydrate 
condense in C and reflux into R at the rate of 2 to 4 cc. per 
minute depending upon the degree of superheating. An
hydrous perchloric acid collects in the trap U  (with a small 
amount of monohydrate), in trap B, and a few cubic centi
meters in trap D. The yield of anhydrous perchloric acid 
is highest in the case of the greatest degree of superheating 
obtained at the higher pressure of distillation. A favored 
working range is between 12 and 15 mm.

The sampling and analyses necessary for following the 
various dissociations obtained are accomplished as follows: 
The distillation is discontinued and the pressure increased 
to atmospheric. The Dewar flasks containing the liquid air 
for traps II, B, and D (Figure 1) are removed and the frozen 
contents on the side walls allowed to melt and run to the bot
tom of the trap. The frost is then removed from the outside 
of the traps and the liquid air replaced over the level of the 
melted acid in the bottom of the trap until it is again frozen. 
The drawn-out extensions of the traps II, B, and D are then 
file-marked and broken open before the acid is melted within, 
and a tube containing a weighed portion of previously ana
lyzed perchloric acid of 72 to 73 per cent acidity is placed in a 
position to mix with the anhydrous perchloric acid which 
quickly melts and runs into the absorbing acid.

By previously analyzing and weighing the absorbing acid 
followed by analysis of the solution obtained from the addi
tion of the known weight of anhydrous acid, the strength of 
the absorbed acid can be calculated. The absorbing acid
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T a b ic  I— D is t i l la t io n  o f P e rc h lo ric  A cid  D lh y d ra tc  a t  7 to  18 m m . P re s su re  in  P r e p a ra t io n  o f A n h y d ro u s  P e rc h lo r ic  A cid

C o n c n . of  A cid s  in  F la sk s T e m p e r a t u r e  of A m o unt T otal An h y d r o u s Y ie l d  H C IO 4
P r e s s u r e S ta r t ,  F R R esidue , F D ist il l a t io n D is t il l e d D is t il l e d Acid (An h y d r o u s )

M m . % % % ° C . Grams Grams Grams %  %
16-17 7 3 .4 7 2 .2 6 7 3 .0 5 110-117 4 7 4 .0 2 7 6 .0 1 6 .4 98  8 .7

1 7 .5 -1 8 7 3 .3 0 7 1 .3 2 7 3 .0 5 109-120 28 5 .1 2 6 7 .9 1 9 .3 97 1 0 .6
1 7 -1 7 .5 7 3 .4 5 7 1 .8 6 73 .0 1 108-119 3 0 2 .0 2 1 6 .9 1 3 .7 99 9 .3

7 - 7 .5 7 3 .3 5 7 2 .8 3 7 3 .3 0 95-102 2 5 1 .7 20 3 .1 2 .9 100 1 .9
9 - 9 .5 7 3 .4 5 7 2 .5 3 7 3 .4 0 100-110 2 0 4 .9 15 5 .4 6 .2 97 5 .5

should be in sufficient quantity of such strength that the re
sulting acid concentration of the mixture shall not be greater 
than 77 or 78 per cent for the reason that above this strength 
the crystals of monohydrated perchloric acid are not soluble 
at room temperature. The sampling of the residue in flask 
F and receiver R is obviously easily accomplished. That the 
anhydrous acid obtained was not chlorine heptoxide (1), 
which would not be apparent by the method of analysis de
scribed, was proved by its greater chemical activity, freezing 
point, and other physical properties. Two representative 
preparations of anhydrous perchloric acid are recorded in 
Table I.

F ig u re  2— S e t-u p  o f A p p a ra tu s

From an examination of this table it is observed that the 
strength of the acid of the distillate has decreased as well as 
that of the residue left in flask F. Both of these results would 
be predicted to accompany Reaction 1 previously cited. A 
decrease in acidity for the residue in the distilling flask indi
cates that the dissociation of Reaction 1 takes place in great 
part in the liquid phase during the process of distillation. 
The dissociation of Reaction 2 resulting in the formation of 
anhydrous perchloric acid from the monohydrate is known to 
result at temperatures reached by the distillation under the 
pressures employed (5). The separation of the anhydrous 
acid in the vapor phase in the presence of higher concentra
tions of the dihydrate and trihydrate is due to the influx of 
dry air through the water condenser. The hydration of the 
anhydrous acid in contact with the higher hydrates of the 
vapor phase is thus prevented. That this reaction would 
result is shown by the formation of crystals of the mono
hydrate in the top of the water-cooled condenser. The rate 
of cooling in the water condenser is adjusted to maintain the 
conditions leading to the accumulation of the greatest yield 
of anhydrous acid. An even more completely anhydrous 
perchloric acid could be obtained if the cooling water of the 
water condenser were so adjusted as to result in the formation 
of the deposit of crystals of the monohydrate at a point further 
down in the condenser tube, but the yield of anhydrous acid 
would be lower.

The data of Table I show that a larger yield of anhydrous 
acid is obtained in the case of the higher pressures. However, 
experiments were made in which the air leak to the flask R 
remained at 8 to 8.5 mm., while the total pressure on the sys

tem was increased by means of a stopcock near the pump side 
of the system. The results show a slight increase in yield 
of anhydrous acid at the higher pressure but the data showed 

■ a decrease in yield as compared to the previously described 
adjustment of pressure (9-10 per cent yield dropped to 5-6 
per cent working at 16-18 mm.).

Possible Explanation of Phenomenon of Superheating

Two characteristics of the dissociation Reactions 1 and 2 
for which explanation is desirable are as follows: First, the 
explanation of the dehydration of perchloric acid accom
plished without the presence of a drying agent. Second, the 
mechanism of the distillation operation accompanied by 
superheating to such an abnormal extent. I t is possible 
that both these results are explained in the same manner.

The dissociation of perchloric acid dihydrate to form the 
trihydrate and monohydrate (Reaction 1) under ordinary 
conditions requires a drying agent of the efficiency of sulfuric 
acid. The dehydration of strong perchloric acid can be 
brought about by distillation in the presence of concentrated 
sulfuric acid with the formation of perchloric acid monohy
drate (I). While hot concentrated perchloric acid is an ef
ficient drying agent it would be contrary to ordinary experi
ence that the higher hydrates of a given material should be 
capable of generating a lower hydrate of the same material.

Perchloric acid monohydrate has been shown (4) to be 
in reality of an oxonium structure. The formation of oxon- 
ium perchlorate according to the reaction

2HC104-2H20  =  0HjC10< +  HC104-3II20

might account for a surface orientation of molecules of oxo
nium perchlorate which would account for the property of 
superheating. The retarded liberation of the vapors of the 
main product’of the distillation HClO^HiO as well as the 
trihydrate of perchloric acid would seem by this mechanism 
to be explained. That this explanation is plausible is evident 
from the fact that monohydrated perchloric acid at 110° C. 
(approximately) is known to dissociate into the dihydrate 
and anhydrous perchloric acid.

As the oxonium perchlorate molecules dissociate at the 
surface of the distilling liquid, more assume their position to 
maintain the surface film and the superheated condition. 
The temperature of the vapors of the lower hydrates of per
chloric acid forced through the surface film of oxonium per
chlorate at the temperatures required (110° to 120° C.) do 
not react to hydrate the anhydrous perchloric acid in the 
vapors at this temperature.

That this is true is shown by the fact that when a permanent 
gas is admitted into these mixed vapors, the mean free path 
of the molecules is decreased to such an extent that the an
hydrous acid molecules do not react as a whole with the lower 
hydrates at the lower temperatures of the condenser, nor do 
they come in contact with the lower hydrated condenser sur
face. The anhydrous acid does not condense on the first im
pact with a cold surface because the three liquid air traps, 
A, B, and C, are necessary to remove all the anhydrous acid 
from the air stream. All of the lower hydrates are removed 
by the water condenser which reflux into receiver R.

The anhydrous perchloric acid formed is more stable than 
this product is generally reputed to be. A sample stored 
under the prevailing outdoor temperatures of the late winter
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season did not explode for approximately two months. A 
sample could be stored at liquid air temperatures indefinitely 
without spontaneous decomposition, as shown by the fact 
that it does not form the usual accumulation of colored de
composition products which after sufficient accumulation 
bring about the explosion of the sample. A sample was stored 
in liquid air for 2 months with no decoloration and only ex
ploded after subsequent exposure to room temperature for 
4 weeks.

If samples of perchloric acid of greater strength than the 
dihydrate are desired, the monohydrate may be formed by the 
solution of the anhydrous acid to the point at which the prod
uct solidifies. This concentration of perchloric acid can be 
stored indefinitely without hazard. I t must be kept in

mind, however, that even though the process just de
scribed for the preparation of anhydrous perchloric acid is 
entirely without hazard if directions are followed closely, the 
handling of the product once formed may result in the most 
violent explosions if it is attempted to store it beyond the 
point of the formation of an amber color or in case it is al
lowed to come into contact with organic matter such as dry 
wood, paper, rubber, cork, cotton, etc.
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O xonium  S tructu re  of H ydrated  P erch loric  A cid1
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THE cryoscopic study 
of the system water- 
perchloric acid has 

been made by van Wyk (7) 
over the range H20-100 per 
cent HC10< with the investi
gation among other hydrates 
of the mono-, di-, and tri- 
hydrates. The melting point 
of the monohydrate was found 
to be 50° C. and of the di
h y d ra te  — 17.8° C. Two 
forms of the trihydrate were 
found, the alpha form, m. p.
—37° C., and the beta form, 
m.p. — 43.2°C. In addition 
to these hydrates the two fol
lowing forms were shown:
2HC104-5H20, m. p .  -29.8°
C., and 2HC10<-7H!0,fm. p.
—41.4° C. The freezing point of anhydrous perchloric acid 
has been found to be —112° C.

The great difference in the chemical and physical proper
ties of anhydrous perchloric acid and its monohydrate has 
been explained on the assumption that the hydrate melting at 
50° C. is in reality of the oxonium structure, 0H 3C1C>4, rather 
than the simple monohydrated form of perchloric acid. 
This explanation of Hofmann has been studied experimentally 
by Volmer (6) who demonstrated that the x-ray lattices of the 
hydrate of perchloric acid m. p. 50° C. and ammonium per
chlorate are practically identical. The Hofmann conclusion 
has, therefore, been rather satisfactorily substantiated and 
the Hantzsch theory of electrolytes likewise strengthened.

The object of the present investigation was originally 
the analysis of strong perchloric acid solutions by physical 
means through the more exact determination of the melting 
point of perchloric acid dihydrate and the simultaneous deter
mination of its density. Since the relationship between the 
density and acidity of strong solutions of perchloric acid 
has been shown to be linear (7) the analysis in the region of the 
dihydrate could then be found with the density determination 
and a determination of the relationship, per cent acidity

1 Received A ugust 23, 1930. P resented  before th e  Division of Physical
and  Inorganic C hem istry a t  the  80th M eeting of th e  American Chem ical
Society, C incinnati, Ohio, Septem ber 8 to  12, 1930.

equals a func tion  of the 
change in density. A second 
reference point in the den- 
sity-percentage composition 
curve could then be estab
lished by determination of 
the physical constants of the 
monohydrate.2

The exact determination 
of the melting point of per
chloric acid dihydrate was 
found to be complicated by 
the difficulty that a physical 
transformation (Reaction 2) 
apparently always takes place 
upon crystallization of a solu
tion of perchloric acid of prac
tically the correct acid com
position 73.6 per cent HCIO4. 
The object of the present 

paper then became the use of this transition to further substan
tiate the oxonium structure of the hydrated perchloric acids 
other than the 50° melting form studied by Volmer. In thus 
strengthening the Hofmann conclusions as carried out in the 
x-ray studies of Volmer, it then became necessary to deter
mine the exact melting point of oxonium perchlorate for the 
purpose of studying transition of Reaction 1. A secondary 
objective consisted in the explanation of the structure of the 
previously known alpha and beta forms of the trihydrate 
of perchloric acid (7) which is represented in Reaction 3.

OHjCIOj — >  HC10vH 20  (1)
HC10i-2H20  — >  OHaClOj-HsO (2)
HC10<-3Hj0 — > 0H ,C10,-2H20  (3)

As a result of this investigation Reaction 1 was not found 
to take place. Reaction 2 was indicated and Reaction 3 
was previously shown (7). I t  naturally follows that the two 
hydrates of the form 2HC104-5H20  and 2HC104-7H20  prob
ably exist in the form 20H3C1C>4-3H20  and 20H3C10»-5H20. 
In other words the oxonium structure of hydrated perchloric 
acids in general is thus indicated.

* The exact chem ical analysis of perchloric acid solutions is n o t prac
ticable for th e  reason th a t  a  satisfacto ry  reducing agen t has no t been found 
capable of form ing hydrochloric a d d  which could then  be com pared w ith  
silver in th e  usual m anner.

Evidence has been supplied substantiating the 
oxonium structure of form of perchloric acid melting 
at 50° C., a conclusion previously demonstrated by 
others.

The exact melting point of oxonium perchlorate has 
been determined and found to be 49.905° +  0.005° G.

A new form of perchloric acid, oxonium perchlorate 
monohydrate, is postulated based upon the transi
tion HC10v2H20  =  0H 3C 10 4-H20 . The alpha and beta 
forms of the trihydrate of perchloric acid previously 
known are likewise postulated to result from the 
transition H CI04-3H20  =  0 H3C 104-2H20 . The oxonium 
structure of all the known hydrates of perchloric 
acid is therefore indicated as a natural conclusion 
from the data shown.

The use of the data of this paper has been suggested 
for the construction of a density-acid concentration 
table, the analyses for which have been provided by 
physical rather than chemical means.
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Transition of Crystalline Perchloric Acid Obtained 
at Freezing Point of Approximate 73.60 Per Cent 

Solution

The apparatus employed followed the design of Beckman 
CO and of Kanolt (4) illustrated in Figure 1 drawn to the 
scale indicated. The large Dewar flask, E, served as the 
reservoir for a sulfuric acid-ice freezing mixture maintained 
at a temperature of —19° to —20° C. A partially evacuated 
Dewar, D, served as the jacket for the reaction chamber, C, 
containing the perchloric acid of the determination. Pro
vision was made for the mechanical stirring of the freezing 
mixture using a platinum wire stirrer, S, moving with a 

rc period of 40 to 50 strokes per
minute inserted through B. 
The freezing of the sample be
ing examined was followed by 
use of a 10-junction thermo
couple made in the conven
tional fashion from number 28 
wire. The freezing mixture 
could be seeded out through A 
using a small capillary tube 
dipped in the acid used and 
frozen by brief immersion in 
liquid air. A stream of dry air 
was passed into tubes A and B 
to prevent contamination of 
the sample by atm ospheric 
m oisture. The whole cryo- 
scopic bath was insulated from 
changes in temperature due to 
outside influences by use of 
wool felt coverings.

The therm ocouple was 
ca lib rated  at the freezing 
point of very pure mercury 
using the value —38.87° C. 
The deviation from a stand
ard thermocouple was found 
to be +0.00192 microvolts (S). 
A White single potentiometer 

was used for recording the temperature provided with a 
compensating resistance equal to that of the thermocouple. 
The standard cell used (1.0183 volts at 25° C.) was calibrated 
against a Bureau of Standards cell. The galvanometer was 
by Leeds and Northrup having a 5-second period, a sensi
tivity of 5 mm. per microvolt employing a critical damping 
of 72 ohms. The image from the galvanometer mirror was 
cast upon a wall at a distance of 18 feet giving a deflection of 
13 mm. per microvolt.

The experimental procedure was as follows: Twenty 
cubic centimeters of perchloric acid varying in composition 
72.3 to 73.8 per cent were placed in the freezing point tube, 
C, and the whole cooled by immersion in a carbon-dioxide- 
snow cooling chamber. After the acid was undercooled 1 to 
2 degrees below its freezing point it was transferred to the 
vacuum chamber, D, immersed in the Dewar flask, E, con
taining the sulfuric acid-ice mixture at a temperature of 
1 to 4 degrees above the freezing point of the perchloric acid 
being examined. The temperature of the well-stirred per
chloric acid at this point was followed closely to observe 
the point of gradual rise in temperature, at which point it 
was seeded as previously described. The crystallization 
began at this point and a rise in temperature resulted which 
reached a variable high point, and instead of the temperature 
reaching a fixed maximum corresponding to the melting point 
of the dihydrate and remaining stationary for a fixed interval 
of time, it began to fall in a direction contrary to the direction

F ig u re  1—A p p a ra tu s  fo r  C ry s
ta l l iz a t io n  of P c rc h lo r ic  A cid

of the bath temperature. At the point at which the last 
crystal disappeared in the solution, the temperature then 
mounted to the bath temperature. The time-temperature 
plot is shown in Figure 2.

The examination of Figure 2 representing the composite 
data for many duplicate determinations of a given sample 
shows the similarity in behavior in all cases. The general 
trend of the data shows that the crystal form first produced by 
the seeding of the undercooled perchloric acid undergoes a 
transition before the melting point of this form is reached at B. 
The transition takes place with the absorption of heat and is 
complete before the lower melting point is reached at some 
point lower than A. Reaction 2 above is, therefore, indicated 
with the stable form represented by the formula OHjClOi- 
II2O (oxonium perchlorate monohydrate). That this form is 
obtained with the absorption of energy is in accordance with 
the explanation of the decomposition of perchloric acid of 
the same composition at approximately 18 mm. and 115° C. 
in the formation of anhydrous perchloric acid and previously 
shown (2). The dehydration of oxonium perchlorate mono
hydrate to form oxonium perchlorate according to this 
explanation was accompanied by the absorption of energy.

F ig u re  2—T im e - T e m p e ra tu re  P lo t  fo r  S ev era l D e te r m in a t io n s

Following the same explanation the beta form of perchloric 
acid trihydrate previously described (7) is to be correctly 
termed oxonium perchlorate dihydrate since the latter form 
results from the former with the consumption of energy. 
The repetition of the freezing point determination of various 
perchloric acid samples gave results of the same general type. 
These data are given in Table I.

T a b le  I— M a x im u m  a n d  M in im u m  T r a n s i t io n  T e m p e ra tu re s  fo r 
V ario u s  S t r e n g th s  o f A p p ro x im a te ly  73 P e r  C e n t  P e rc h lo r ic  A cid
P e r c h l o r i c  A c i d  T e m p e r a t u r e  o f  T r a n s i t i o n

M axim um  M inim um
%

73 .8
73.4
73.2
72.3

° C. 
-19 .11  
-19 .97  
-17 .85  
-19 .40

° C. 
- 1 9 .5 3  
-2 0 .1 4  
- 1 9 .3 4  
- 20.01

Determination of M elting Point of Oxonium  
Perchlorate

The determination of the melting point of oxonium per
chlorate would serve a twofold purpose in connection with 
the present investigation. The possible transition of Reac
tion 1 above would be examined. Previous determination
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Y

F ig u re  3—A p p a ra tu s  fo r  D e te r m in a 
t io n  o f M e lt in g  P o in t  o f O x o n iu m  
P e rc h lo ra te

of the melting point of 
the 50° melting hydrate 
of perchloric acid indi
cated no transition and 
therefore the nonexist
ence of perchloric acid 
monohydrate (HC10<- 
H20) as subsequently in
dicated by Volmer. Sec
ondly, the determination 
of the maximum freez
ing point for perchloric 
acid-water system would 
establish the exact com
position of perchloric 
acid by physical rather 
than chemical means. 
The solution of definite 
weights of oxonium per- 
ch lo ra te  in known 
weights of w ater to
gether with the deter
mination of the density 
of such solutions would 
serve admirably for the 
establishment of an acid 
com position-density  
chart over the range of 
acid com position be
tween 70 and 80 per cent 
including the determina
tion of the physical con
stants for the exact dihy- 

drate of perchloric acid. The latter method of attack is thus 
substituted for the failure to obtain a maximum or minimum 
melting point for the transition of Reaction 2.

Oxonium Perchlorate M elting Point Apparatus

The apparatus used in the determination of the melting 
point of oxonium perchlorate is shown in Figure 3. Dewar 
flask E  was fitted into the thermostat box, D, and heated 
electrically and the water of the bath agitated using a small 
stirrer, the heater and agitator not shown in the figure. The 
reaction cell, A, was constructed on the order of a Dewar 
flask with very small bore for the entrance of the multiple 
thermocouple, T.C. The sample of acid of approximately 
the correct composition was added to cell A through the small 
opening at the bottom end and sealed for each observation. 
Cell A was agitated by use of the shaking device shown operat
ing at approximately 300 revolutions per minute. The same 
temperature recording multiple thermocouple and White 
potentiometer previously described were used. The thermo
couple was calibrated using thiophene-free benzene and the 
boiling point of water.

Preparation of Samples and Determination of 
M elting Point

Perchloric acid of approximately oxonium perchlorate 
composition was prepared from pure thrice-distilled perchloric 
acid of approximately 73.6 per cent composition prepared by 
the method of Smith and Koch (5) followed by the addition 
of anhydrous perchloric acid made by the method of Goehler 
and Smith (2). The crystalline perchloric acid thus obtained 
was melted and poured into the reaction chamber, A, Figure 
3, which was then sealed for determination. If anhydrous 
perchloric acid is added to form a solution of greater acidity 
than that of oxonium perchlorate (OHjCIO*), the solution

darkens upon storage due to decomposition. For this 
reason solutions less strong than that of the maximum melting 
point were prepared and subsequently concentrated by the 
addition of anhydrous perchloric acid. The anhydrous 
perchloric acid used for this operation was stored in liquid 
air to prevent its gradual decomposition and subsequent 
explosion. As the oxonium perchlorate composition was 
approached starting with less strong acid by addition of an
hydrous perchloric acid, the crystalline acid was produced in 
larger and larger crystals until at the maximum melting 
point the entire tube consisted of a transparent mass of 
crystalline acid.

Four duplicate determinations of the melting point were 
carried out upon each tube. Between each pair of determi
nations 48 hours were allowed to elapse to show any failure to 
duplicate determinations. The reaction of the concentra
tion of the acid in a given case required a rather extended 
period of time. To show that equilibrium was established, 
one sample was studied over a period of 16 days. After 
a given determination the sample tube was weighed, the tip 
broken off, anhydrous acid added, the tube then resealed and 
weighed. The determination of the melting point of the 
oxonium perchlorate was carried out by two methods of

application of heat to bring about the melting. In one the 
bath temperature was maintained at 0.5° to 1.0° above the 
melting point of the sample and the sample allowed to melt 
as a result of this higher temperature employed. In the 
other case the bath temperature was gradually raised to a 
point equal to and slightly above the melting point of the 
sample. Both methods gave identical results. A graph of 
the temperature record for a typical run is shown in Figure 4. 
The results of the determination of the maximum melting 
point of a group of individual determinations for three 
different samples of material are given in Table II.

T a b le  I I — M e lt in g  P o in t  o f O x o n iu m  P e rc h lo ra te
A v . M a x . 

M e l t i n g  P o in t  
° C. 

49 .903 
49.906 
49.910

M a x .  D e v i a t i o n  o p  
F o u r  D e t n s .

° C.
0.017
0.023
0.019

Discussion of Results

The results show a satisfactory individual agreement 
as well as duplicate agreement. Results are expressed to 
thousandths of a degree although the thermocouple used
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does not exceed an accuracy of 0.005° C. The melting point 
of oxonium perchlorate is thus found to be 49.905° +  0.005° C. 
No evidence of the transition of Reaction 1 above was 
found. Perchloric acid monohydrate has not, therefore, 
been shown to exist and the oxonium structure of perchloric 
acid of this theoretical composition thus indicated.
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O xonium  Perchlorate as Reference Standard for 
C onstruction  of Specific G ravity-Percentage 

Com position Table for Strong Perchloric 
Acid Solutions1

G. Frederick Sm ith and O. E. Goehler

D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  o p  I l l i n o i s , U r b a n a , I I I .

cent at 760 m m. and 203° 
density 1.6964.

THE chemical analysis 
of strong solutions of 
perchloric acid in the 

region of 65 to 75 per cent acid 
strength is obtainable only by 
the application of an indirect 
method. A reference acidi- 
metric standard is first used 
to standardize the solution of 
a base which is then in turn 
used for the analysis of the 
perchloric acid solution in 
question. This indirect anal
ysis is made necessary by the 
fac t that a sa tis fac to ry  
method has not been devel
oped for the reduction of perchlorates to chlorides which could 
then be determined using silver. The preparation of ar> accu
rate density-percentage composition table within the range 
under question is desirable because concentrating dilute 
solutions of perchloric acid either at atmospheric pressure 
or under reduced pressure gives rise to acid within this range 
of percentage composition. Perchloric acid, when distilled 
at 760 mm., forms a constant boiling mixture with water 
which consists of 72.4 per cent acid. The formation of the 
approximate dihydrate of perchloric acid (OHûCIOî-HîO) 
which has an acid composition of 73.60 per cent results from 
the vacuum distillation of perchloric acid of constant boiling 
strength (2, B, 6, 7).

The object of the present paper is the construction of a 
density-percentage composition table, the accuracy of which 
exceeds that of existing data, using a method which can be 
demonstrated to be superior to such data, and employing 
methods of chemical analysis only. The method of attack 
is wholly dependent upon the accuracy with which the melting 
point of the highest melting hydrate of perchloric acid can be 
determined (2) (0H3C10<, m. p. 49.905° =*= 0.005° C.). 
This product, by consulting the data of van Wyk (8) can 
easily be seen to serve better than any other known form of 
perchloric acid as a reference point in the analysis of strong 
perchloric acid following the cryoscopic method, and inde
pendent of chemical analysis.

1 Received A ugust 23, 1930. A portion  of a  thesis presented by O. E. 
Goehler in p a rtia l fulfilm ent of the  requirem ents for the  degree of doctor 
of philosophy in th e  G raduate  School of th e  U niversity  of Illinois.

Oxonium perchlorate (OIljCIOx, m . p. 49.905° C.) is 
used for the preparation of known strengths of con
centrated perchloric acid solutions.

A determination of the density of strong solutions 
of perchloric acid is described and the construction of 
a density-acid composition chart over the range 65 to 
75 per cent perchloric acid carried out. The deter
m ination of the constants used in the calculation of 
interpolated and extrapolated values is given.

The determination of reference points in the den
sity-acid composition chart established the density 
of the dihydrate of perchloric acid at 25°/4° C. to be 
1.71282. Constant boiling perchloric acid 72.4 per

C. has the approximate

Previous Work

Published work closely re
lated to the present investiga
tion is found in the investi
gations by van Wyk (8), van 
Emster (i), and Hantzsch (S). 
The data of these investiga
tors (reca lcu la ted  in some 
cases to gain uniformity for 
the purpose of easy compari
son) as applied to the deter
mination of the density of per
chloric acid of strength 73.60 
per cent (the dihydrate com
position) is given in Table I. 

The values obtained as hereinafter described are included 
to conserve space.

T a b le  I - -D en sity  -of 73.60 P e r  C e n t  P e rc h lo r ic  A cid  a n d  R e la te d  
C o n s ta n ts

I n v e s t i g a t o r

van E m ster 
van W yk 
H antzsch 
Present work

C o e f f i c i e n t  o f

D e n s i t y E x p a n s i o n 2 5
2 5 °/4 °  C . Alpha Range 

0  C.
n D d A /d C

1.70942 0.00121 15-30 0.01351
1.7130 0.00121 20-50 0.01390
1.71299 1.42064 0.01366
1.71282 0.00122 20-30 1.42052 0.01343

A lpha » (change in density  per degree change in acid 
concentration).

Outline of Procedure

Samples of oxonium perchlorate (84.794 per cent HC10<) 
are prepared by the method of Smith and Goehler and their 
exact composition and identity determined by the determina
tion of their exact melting point (49.905° C.). Weighed 
portions of these samples of oxonium perchlorate are then 
diluted with weighed portions of pure water and a density 
determination made of the solutions thus prepared. The 
identity of the density thus found for solutions of the same 
acidity based upon the dilution of the individual preparations 
of oxonium perchlorate serves as an additional evaluation 
of the uniformity in composition of the high melting hydrates 
as determined by their melting point. Further dilution 
of the samples thus formed serves for the determination of 
other pointe on the density-acid composition curve. From
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the data thus accumulated the change in density per interval 
of change in acid composition is readily calculated and the 
agreement with a linear function thus examined. The 
analyses are, therefore, dependent only upon physical

Preparation of Solu
tions of Known Acid 

Composition

Oxonium perchlorate 
^  prepared as previously 

described (2), having the 
melting points 49.905° ±  

 ̂ 0.005° C., was tra n s 
ferred to the lower por
tion of the reaction tube 
shown in Figure 1 in the 
following manner:

The m elting  po in t 
tu b e  con tain ing  the 

& oxonium perchlorate was 
placed in the upper por
tion of the reaction tube 
after the tip was broken 
to provide for the trans
fer of the contents. The 
stopper with a thin gold 
foil covering is inserted 
and the whole apparatus 
dried by evacuating a 
number of times and re
filling with dry air. The 
whole reac tion  tube 
was then immersed in 
a water bath at 55° C. 

up to the height of the stopper and the contents of the melting 
point tube melted and allowed to collect in the lower part of 
the reaction tube. I t  was then fused at the constriction, 
and from the original weight of the tube and the two parts 
after the transfer of the oxonium perchlorate, the weight 
of the sample was obtained.

The weighed sample tube of oxonium perchlorate was 
file-marked at the neck, reweighed, and the tube opened. A 
weighed quantity of water was then added and the tube 
resealed. The composition of the resulting acid was then 
calculated and the density determined. The latter operations 
were repeated and a new acid concentration and density 
determined.

Determination of Density’ of Concentrated 
Perchloric Acid

The determination of the density of concentrated per
chloric acid was carried out following the displacement 
method described in Bureau of Standards Bulletin 9 (4). 
The balance employed and the arrangement of the suspen
sions in the present work provided for an accuracy of 
=*= 0.4 mg. Weights were calibrated and the vacuum correc
tions applied as well as corrections for atmospheric con
ditions, including psychrometer relative humidity, tempera
ture, and barometric corrections.

The displacement sinker was made of Pvrex glass rod 
molded into shape, annealed 4S hours at 300° C. to mini
mize thermal hysteresis, and allowed to age for 10 days. 
The sinker was suspended by a platinum wire having a 
diameter of 0.0035 inch dull goldplated over the immersed 
portion to insure wetting by the perchloric acid and avoiding 
the phenomena associated with “sticking” which is thus 
best eliminated.

observations.

F ig u re  1—R e a c tio n  F ig u r e  2— Dc 
T u b e  s im e tc r  T u t

The densimeter tube is shown in Figure 2 and had two 
ground glass stoppers, A and D. Ground joint A provided 
for the introduction of the sinker and sample. Ground 
joint D supported the upper and lower suspensions and was 
protected against introduction of moist air by use of the 
side tube, C, through which a slow stream of dry air was 
passed during the period of time in which stopper D was dis
engaged.

The densimeter tube was maintained at a constant tempera
ture with an accuracy of ±  0.01 ° C. using the large Dewar 
tube thermostat shown in Figure 3. The water of the 
thermostat bath was provided with mechanical stirrer, 
heating coil, and cooling coil, and its temperature was 
recorded by a Callender platinum resistance thermometer 
with compensating leads, using a specially designed Wheat
stone bridge. The movement of the galvanometer by means 
of a system of lights and mirrors cast an image on a scale 
above the balance. By setting the Wheatstone bridge at 
the properly calculated setting for a given temperature, 
the bath temperature during measurement was closely con
trolled by use of a switchboard controlling the heating and 
cooling coils and stirrer of the thermostat. The platinum 
resistance thermometer was calibrated at the ice point, 
the freezing point of mercury, and the boiling point of 
water.

The volume of the sinkers employed was found to be 
as follows:

No. 1 No. 2
M ass, grams 66.3081 21.5544

Volume:
20° C. 28.5512
25° C. 2S.5528 9.6170
30° C. 28.5545

Distilled water was used as the calibration liquid and the 
best values for its expansion with change in temperature. 
The calculation of the densities determined was made using 
the following formulation.

4
5 
W
Z  and F 
Vi

The results of series of determinations of points of reference 
to be used in the construction of a density-percentage compo
sition chart for concentrated perchloric acid solutions are 
found in Table II.

T a b le  I I — D e te r m in a t io n s  o f P o in ts  of R e fe ren c e  U sed in  C o n s tr u c 
t io n  of D e n s i ty -P e rc e n ta g e  C o m p o s i t io n  C h a r t

V a c u u m V a c u u m

V a c u u m W t . W t . R e s u l t 
W t . A n h y d . HCIO 4 i n g D e n s i t y

HCIO i HCIO* HClOi 4- HsO HCIO 4 2 5 ° /4 °  C. dA /dC b
Grams % Grams Grams %

35.3531 S4.794® 29.9774 41.0190 73.082 1.70583
30.7492 84.794«» 26.0735 35.6712 73.094 1.70608
40.0530 73.082 29.2715 40.5097 72.257 1.6947S 0.01341
40.3712 72.257 29.1710 41.6093 70.107 1.66582 0.01344
41.6093 70.107 29.1710 46.2831 63.027 1.57104 0.0135S
35.4381 73.094 25.9031 36.5718 70.828 1.67552 0.01345

a Oxonium perchlorate (OHjCiOO, m. p. 49.905° *  0.005° C. 
b C hange in density  per degree change in acidity.

From an examination of this table it will be observed 
that the value for dA/dC (the change in density per unit 
change in per cent) within the experimental error shows 
the relationship to be linear over the 70-73 per cent acid 
concentration, an average value of 0.01343 being obtained. 
The agreement between the present work and the value 
obtained by van Emster (1) is better than that obtained

„ t (S -  W) +  (Z — F). ,D -  — ----------------r ----------- where
4  V,

— density of sample at temperature t
= relative weight of sinker plus suspension 
= relative weight of sinker in liquid plus suspension 
= respective vacuum corrections for 5 and IV 
= volume of sinker at temperature t
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by comparison with van Wyk 
(6) or Hantzsch (S). The value 
dA/dC, 0.01343, together with 
the data of Table II, gives for 
the density of 73.603 per cent 
HC10< (the OHjCIOÆO hy
drate) the value 1.71282 with 
a probable accuracy of 5 units 
in the fifth place of decimals. 
Here the agreement is closer be
tween the present work and that 
of van Wyk and H antzsch. 
(Compare with Table I.) The 
determination of the coefficient 
of expansion resulted in a sub
stantial agreement between the 
present work and previous ob
servers (8, 1, 8). Between 63 
and 70 per cent acid concentra
tion the value for dA/dC in
creases slightly.
Construction of Density-Acid 

Composition Table for 65 to 
75 Per Cent Perchloric 

Acid

The data of Table II serves 
for the construction of a table 
of values relating density and 
acid composition. The values 

obtained are included in Table III. Values given other 
than those for the exact multiple of 0.25 per cent in acid 
composition are the result of actual observation. The re

mainder are calculated. The values of the density experi
mental reference points are intended to be accurate to 5 
units in the fifth decimal place and the acid composition to 
within =t 0.01 per cent. Values for the calculation are as 
follows: dA/dC = 0.01343 between the limits 70 to 75 
per cent acid composition, and dA/dC = 0.01351 for the 
remainder. The calculated values for the density of Table 
III are thought to be accurate to the fourth decimal place.

T a b le  I I I — D e n s ity  a n d  P e rc e n ta g e  C o m p o s i tio n  o f 65-75 P e r G en t
P e rc h lo ric  A cid

D e n s i t y D e n s i t y D e n s i t y D e n s i t y

IICIO 4 2 5 ° /4 °  C. IIC104 2 5 °/4 °  C. HClO< 2 5 °/4 °  C. HCIO 4 2 5 ° /4 °  C .
% % % %

63.027'“ 1.57104 71.25 1.68099
65.00 1.59665 68!25 1! 64055 71.50 1.68434 74.25 1.72124
65.25 1.60002 68.50 1.64393 71.75 1.68774 74.50 1.77458
65.50 1.60340 68.75 1.64731 72.00 1.69106 74.75 1.72791
65.75 1.60678 69.00 1.65060 72.25 1.69442 75.00 1.73125
66.00 1.61016 69.25 1.65406 72.257° 1.69478
66.25 1.61353 69.50 1.65744 72.50 1.69778
66.50 1.61691 69.75 1.66082 72.75 1.70113
66.75 1.62029 70.00 1.66420 73 .00 1.70449
67.00 1.62367 7 0 .107a 1.66582 73.082° 1.70583
67.25 1.62704 70.25 1.66756 73.094° 1.70608
67.50 1.63042 70.50 1.67092 73.25 1.70785
67.75 1.63380 70.75 1.67427 73.50 1.71120
68.00 1.63718 70.828° 1.67552 73.75 1.71456

71.00 1.67763 74 .00 1.71790
a Values experim entally determ ined. 

d A /d C  60-65%  =  0.01351 
65-75%  »  0.01343
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An Improved Absorption Tube for Combustion Analysis1
W. D. Turner

D e p a r t m e n t  o f  C h e m i c a l  E n g i n e e r i n g , C o l u m b i a  U n i v e r s i t y ,  N e w  Y o r k ,  N .  Y.

Q IN CE the advent of solid absorbents, such as Ascarite, 
^  for combustion analysis, many designs of absorption 
tubes have been proposed involving more and more ad
vantages over their predecessors; yet none of them possessed 
at the same time all the refinements of manipulation com
bined with simplicity of design. To meet this need an ap
paratus, diagramed in the accompanying illustration, was 
devised.

The innovation consists in using an external instead of an 
internal stopper, allowing the cut-off of both openings without 
the use of return bends or other bypasses. This renders 
possible a simplification of design with the following ad
vantages:

Minimal outside surface—easy to wipe to constant weight.
Minimal parts—one body, one stopper, one ground joint.
Minimal surface contour—low breakage.
Simple, positive operation—one turn of one stopper shutting 

inlet and outlet short off. (This was the particular point sought, 
so that for combustions in oxygen there would be no diffusion 
of air into the absorber during the operation of disconnect-

Minimal waste space—larger capacity completely utilized.
Stable standing.

1 Received O ctober 13, 1930.

A b so rp tio n  B o ttle  fo r  So lid  
A b so rb e n ts

R ound glass body, 1 ,2 ; external 
stopper, 3, 4; la teral tubes, 5; 
ground jo in t, 6; to  tu b e  a ttached  
to inner side of body neck, 7, 8; 
depressed channel com m unicating 
w ith th e  top  interior, 10.

Light weight.
Plain internal de- 

sig n —surface ac
cessible to wiping.

Ground joint ex
tern a l—n ot con
taminated in charg
ing.

Simple construc
tion—low cost.

Absorbers of this 
type have been in 
satisfactory use in 
the laboratories of 
the Bakelite Cor
p o ra tio n  and at 
Columbia Univer
s ity , and have 
been readily made 
to  order by the 
glass-blowing de
p a r tm e n ts  of 
Eimer and Amend 
and Colum bia 
University.
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Fusain1
S. W. Parr, H. C. Hopkins, and D. R. M itchell 

U n iv e r s it y  o r  I l l in o is , U r b a n a , I I I .

FUSAIN, or mother-of-coal, is receiving more attention 
than formerly because of the various properties now 
being assigned to it. Certain studies in the labora

tories at the University of Illinois have developed addi
tional data which afford further information of value.

The bedding planes which are made of fusain are usually 
very thin but at times may be found in lenses 8 inches in 
thickness, although such deposits are exceptional. I t is 
generally soft, friable, leaves soot marks on the fingers, and 
is more or less unconsolidated as compared with the rest 
of the coal in the bed. Because of the porous character of 
fusain in its normal state, it affords an easy passageway for 
infiltrating waters, and such waters, especially in the thicker 
bands, are very apt to deposit mineral matter from solution. 
In this way there will naturally result hard and dense layers 
quite in contrast to the soft friable layers that characterize 
most of the cleavage planes. These very thin layers are, 
therefore, usually the most friable and samples of such material 
can be removed in sufficient amount for analysis by use of care 
and a good brush.

It is not intended to discuss here the probable origin 
or method of formation of this material, but some informa
tion in that direction, as well as concerning its properties and 
chemical characteristics, may be gained by making the usual 
analysis and calculations for indicating the unit volatile 
and fixed carbon, as well as the unit B. t. u.

Mines were visited and lumps of freshly mined coal were 
selected containing fusain bands. Three or four lumps were 
selected from each mine. These samples were further sam
pled in the laboratory to obtain fusain samples free from 
other coal constituents, such as bright coal and dull coal. 
The lumps were broken along the bands of fusain and clean 
pieces selected, these pieces further broken down, and sam
ples showing the presence of bright or dull coal discarded. 
Two kinds of fusain were noted during sampling operations, 
one a much harder variety than the other, and these two 
kinds were kept separate and are listed in the accompanying 
table as “soft” or “hard.”

T a b le  I— P ro x im a te  A n a ly ses  of F u s a in  f r o m  M o is tu re -F re e  
I l l in o is  C oal 

V o l a -  V a r i -
t i l e  F i x e d  b t y

S a m -  C o a l  M a t -  C a r -  S u l -  F u r l  U n i t  F u -
p l b  C o u n t y  B e d  t e r  b o n  A s h  p u r  V a l u e  C o a l  s a i n

% %  %  %  B . t .u .  B . t .u .
7 Vermilion 6 23 .95  59 .20  10.85 5 .73  12.0S0 14,980 H ard
S Vermilion 7 26 .95  54 .25  18 .90  8 .1 8  11,800 15,100 H ard
9 Vermilion 6 20 .75 71 .45  7 .8 0  2 .5 8  13,600 15,050 H ard

10 Vermilion 6 13.78 79 .24  6 .9S  1.56 13,710 14,860 Soft
22 Jackson 2 15.79 69.01 15 .20  6 .57  12,197 14,833 Soft
23 Jackson 2 13.00 80 .33  6 .67  1 .78  13,794 14,913 Sort
25 Jackson 2 18.69 76 .86  4 .4 5  0 .7 5  14,165 14,903 Soft
26 Jackson 2 15.22 71 .74  13.04 4 .7 5  12,560 14,851 Soft
29 Perry  0 21 .04  65.34 13.62 5 .97  12,291 14,635 Soft
30 R andolph 6 IS .S3 68 .63  12.54 1 .28  12,795 14,837 H ard
31 Jackson 0 IS .30 7 1 .SO 9 .9 0  0 .77  13,295 14,912 H ard
Average 18.74 69. SO 11.44  3 .6 3  12,930 14,890

The accompanying tables give the results of chemical 
analyses of eleven different samples from different parts 
of the state, taken from three different coal beds. These 
results are on a dry or moisture-free basis. One condi
tion of fusain not given in the tables, but calling for reference, 
is the amount of moisture in the air-dry condition. Coals 
of the Illinois type when brought to the air-dry condition

1 Received August 2, 1930. P resented  before th e  Division of Gas
and  Fuel C hem istry a t  th e  SOth M eeting of th e  American Chemical Society.
Cincinnati, Ohio, Septem ber 8 to  12, 1930.

in the laboratory will contain from 2 to 6 per cent moisture, 
and the samples of fusain under similar conditions contained 
from 0.5 to 2.0 per cent moisture. This would be indica
tive of the porosity of fusain as compared with the bright 
and dull coal, since it gives up its moisture much more readily 
and completely than the other banded constituents.

T a b le  I I — U n it  V o la tile  M a t t e r

S a m p l e

U n i t  V o l a 
t i l e  M a t t e r S a m p l e

U n i t  V o l a 
t i l e  M a t t e r

7 27.30 23 19.20
8 31.32 20 15.89
9 21.79 29 22.04

10 15.59 30 21.27
22 10.30 31 20 .15

Average 20.44

The volatile matter percentages were from 15 to 20 per 
cent lower than is general for the rest of the coal bed. I t  
would appear from the data that the volatile matter of fusain 
is usually about 20 per cent, and the average for ten sam
ples was found to be 20.44 per cent. Ash percentages range 
from a low of 4.45 to a high of 18.80 per cent. The state
ment is frequently made that the fusain of the banded con
stituents of coal contains more ash than the other bands, 
but this may not always be true as seen from the above. 
In fact, it would appear that fusain was originally a high 
grade low-ash material but, owing to infiltration of impuri
ties because of its porous structure, the ash content was 
increased. Sulfur percentages follow rather closely the ash 
percentages—that is, a low-ash fusain is generally low in 
sulfur and, conversely, a high-ash fusain is generally high 
in sulfur.

The most striking feature to be noted here is the fairly 
consistent character of the material, and especially the uni
formity of the unit B. t. u. values, considering that samples 
were taken from all parts of the state as well as from different 
beds. While the material is non-coking, it has too high 
and too consistent a volatile constituent to admit of its 
being the product of fire, as might be inferred from some 
designations applied to it. One of the striking characteristics 
of fusain is its absorption of water, and this has been referred 
to elsewhere as furnishing the mechanism for the slacking 
of bituminous coals (2).

Sinnat (S) has devised a method for determining the rela
tive volume of absorption on the part of fusain for water 
and solutions, as compared with the coal substance with 
which it is associated. In some tests he found that fusain 
absorbed over 100 times as much as the coal in the same 
length of time. It is a well-recognized fact that fusain is 
unevenly distributed, hence we would expect an uneven 
absorption of water on the part of samples of coal from the 
same mine. It also indicates that underground waters will 
travel the most accessible fusain bands. The deposition 
of mineral salts which accompanies this process readily ac
counts for the high ash of some of the fusain bands.

The unit volatile matter, calculated by the method of 
Parr (1), gives the amount of volatile matter in the pure 
coal substance. The lowest value found is 15.59 and the 
highest 31.32, with an average of 20.44. However, the 
chief value of the unit volatile matter content lies in the 
fact that it would seem to refute completely the forest fire 
theory for the formation of fusain. The unit volatile matter 
would certainly be very much lower if fusain were formed 
because of forest fires sweeping over the coal-forming swamps.
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Fusain is entirely lacking in agglutinating power. No 
coke-buttons were formed during the determinations for 
volatile matter. The residue from the crucible is a fine 
powder with no evidence of any coking tendency.
T a b ic  I I I — P r o x im a te  A n a ly se s  o f M o is tu re -F re e  F ac e  S a m p le s  f ro m  

th e  S a m e  M in es  a s  F u s a in  S a m p le s  o f T a b le  I 
V o l a 
t i l e  F i x e d

C o a l M a t  C a r  F u e l U n i t

S a m p l e C o u n t y B e d t e r b o n A s i i S u l p u r  V a l u e C o a l

% % % % B. t. u. B. 1. u.
7 -a V e r m i l i o n 6 40 .90 54.45 4 .65 2.21 13,555 14,297
8-a V e r m i l i o n 7 41.64 49.59 8.77 3.46 12,904 14,310
9-a V e r m i l i o n 6 39.35 53.40 7.25 1.70 13,390 14,189

22-a J a c k s o n 2 42 .60 52.84 4 .56 1.06 13,320 14,039
23-a J a c k s o n 2 33.28 48.58 18.14 3 .25 11,577 14,705
25-a J  a c k s o n 2 39.69 56.72 3.89 0.75 13,857 14,501
26-a J a c k s o n 2 43.62 62.54 3 .84 1.94 13,649 14,295
29-fl P e r r y 6 44.48 44.80 10.72 2.62 12,427 14,231
30-a R a n d o l p h 6 43.80 42.43 13.77 2 .77 12,103 14,312
31-a J a c k s o n 6 41.49 47.56 10.95 1.06 12,672 14,405
A v e r a g e 41 .08 50.29 8 .65 2 .08 12,945 14,328

Table III gives some information concerning the coal sub
stance proper, face samples of which were obtained in the

usual manner when the fusain samples were taken. A strik
ing difference is shown between the fusain and the total coal 
values for ash and sulfur. The unit coal B. t. u. values 
also are consistently higher for fusain. Other analyses of 
coals from the counties and beds given in this paper may 
be found in numerous publications of the Engineering Ex
periment Station, University of Illinois, and in Bulletin 56 
of the Illinois State Geological Survey, Urbana, 111.

The authors wish to emphasize the fact that these results, 
though meager, may point the way to other investigators 
and certainly shows the need for further fundamental study 
of the chemical properties of the various bands common to 
bituminous coal of the Illinois types—namely, vitrain, or 
bright coal (anthraxylon), dull coal (attritus), and fusain 
(mineral charcoal).
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A n Electrically-H eated Melting Point A pparatus12
Charles E. Sando

B u r e a u  o f  C h e m i s t r y  a n d  S o i l s , U n i t e d  S t a t e s  D e p a r t m e n t  o r  A g r i c u l t u r e , W a s i i i n o t o n , D .  C .

THE apparatus shown in the accompanying illustrations 
has been used for a number of years with such satis
factory results that its general description seems worth

while.
It consists essentially of an electrically-heated modified 

Thiele-Dennis melting point tube, A, a lead container, B, 
filled with sand to prevent damage by sulfuric acid in case of 
breakage, a lamp, C, and a rheostat, D, all suitably mounted 
for convenience and portability in the laboratory.

Whs¿mm

The asbestos covering and a portion of the vertical tube 
are painted with aluminum paint to reduce radiation to the 
minimum.

Employing a mixture of sulfuric acid and potassium bi
sulfate as the heating liquid makes it possible to reach a 
temperature of about 300° C., provided the absorption of 
moisture by the liquid is prevented by means of a calcium 
chloride tube at H when the apparatus is not in use. With 
the particular apparatus here illustrated and with a current 
of 1.4 amperes, about 6 minutes are required to raise the

F ig u re  1—M e lt in g  P o in t  A p p a ra tu s

The Thiele-Dennis tube is constructed of Pyrex glass and 
modified by having a smaller tube, E, which is closed at the 
lower end, sealed within the vertical portion, and extends 1 or 
2 inches (25.44 or 50.8 cm.) below the point of attachment,
F, of the side arm. This modified form thus constitutes a 
combination Roth-Thiele-Dennis apparatus. The side arm,
G, is wound in the region of its lowest portion with asbestos- 
covered chromel heating element and insulated with asbestos.

1 Received October 7, 1930.
* C ontribution  No. 91 from Food Research Division.

F ig u re  2—A n o th e r  V iew  o f M e lt in g  
P o in t  A p p a ra tu s

temperature in the inner tube from room temperature to 
100° C., about 12 minutes from room temperature to 200° C., 
and about 25 minutes from room temperature to 300° C. 
Any desired range in temperature under 300° C., and the 
rapidity of change from one temperature to another are 
easily regulated by means of the adjustable rheostat. The 
melting of the substance itself is plainly observed with the 
aid of light coming through the small hole in I  from the 
lamp C.
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D eterm ination of Sulfur by Means of the 
T u rb id im eter1

S. W. Parr and W. D. Staley 

U n i v e r s i t y  o p  I l l i n o i s , U r b a n a ,  I I I .

REQUIREMENTS for sulfur determinations under 
widely varying conditions and in various and complex 
combinations seem to be on the increase. Not the 

least noticeable of these conditions is in connection with 
the work of the power plant where, for some of the deter
minations, convenience, speed, and a minimum or absence of 
chemical training are obvious conditions for arriving at the 
sulfur factor. On many accounts the sulfur photometer or 
turbidimeter lends itself in an attractive manner to this 
determination. Such an instrument has been in use for a 
number of years but the wider scope required for its function-

V
i *

ing and the increasing demand for a high degree of accuracy, 
along with a greater facility of operation, has made it desir
able to redesign the apparatus with these particular applica
tions in view.

1 Received O ctober 2, 1030. Presented before the  Division of G as
and  Fuel Chem istry a t  the  80th M eeting of the  American Chemical Society,
C incinnati, Ohio, Septem ber 8 to  12, 1930.

This extended use is especially notable in connection with 
the control of sulfates in boiler water, to conform to the 
A.S.M.E. standard, as a check on the development of em
brittlement or cracking of the boiler plates.

Description of Apparatus

In Figure 1, the base supports all of the various parts. A light 
of about 2 candle power is mounted in the center with the 
current supplied from two or three dry cells. This current 
is passed through a voltmeter and also through a resistance, 
R, so that the light can be set at any standard voltage, where 
it can be retained throughout a test. A is a tube which 
serves as a standard for the other parts of the apparatus. It 
supports a stationary telescoping tube, C, with an optical 
glass bottom immediately above the light. This tube holds 
the turbid solution to be tested and also has a plunger tube, 
P, which is empty but which has an optical glass bottom and 
which may be moved up and down, toward or from the light, 
by the ratchet. The distance from the optical glass in the 
bottom of P  to the optical glass bottom in C is measured in 
millimeters on the scale, S.

F ig u re  2—T u r b ld im e tr lc  R e a d in g  by  
V a rio u s  O p e ra to rs

The advantages of this arrangement are, that having 
made up the turbid solution to a standard amount, say 200 
cc., the depth of turbidity for the conditions chosen is not 
disturbed by ripples on the surface of the liquid. Additions 
of more solution to secure greater depth are obviated. The 
optical glass is entirely submerged at all stages in the reading, 
and is moved up or down within the solution to secure the 
neccssary depth and end point. Both tubes are of Bakelite 
or opaque glass and do not promote diffusion of the light. 
The eyepiece, located in a favorable position above the in
strument, requires that the distance from the eye to the light 
be the same for all readings. The end point is taken as the 
complete disappearance of the red filament, which gives a far 
sharper end point than is possible between a lighter and 
darker spot of light where both consist of diffused light of 
varying intensities. By means of the resistance in the volt
meter it is possible to correct the variation in the strength of
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the battery so that a light of uniform candle power is always 
available.

I t will be seen at once that the conditions thus secured 
correct many of the variables inherent in other forms of 
apparatus of this type. Indeed, the variation in eyes between 
different operators is reduced to a minimum, as may be seen 
from Table I. The solutions employed in this test were 
samples of boiler waters taken from the blow-off at the power 
plant. Four different persons made readings and the average 
of three readings for each person was taken. These people 
were taken at random and operators 3 and 4 were substan
tially without experience in this sort of work.

eyes vary, and especially so where the eye is focused on an 
object, as in this case, instead of observing the intensity of 
light on a given area. A person using glasses, therefore, will 
expect to obtain readings different from those obtained by 
one not using glasses. The variations, however, are uniform 
over the curve and the variation may be used as a constant 
or a new curve may be drawn to meet the specific conditions.

In Table II are given parallel determinations by use of the 
turbidimeter, as compared with the results by the ordinary 
gravimetric process. These results were also obtained on 
boiler waters with widely varying amounts of caustic and 
sodium carbonate.

T a b le  I— T u r b ld lm e tr lc  R e a d in g s  b y  V a rio u s  O p e ra to rs
S o l u t io n O pe r a t o r  1 O p e r a t o r  2 O pe r a t o r  3 O pe r a t o r

M  in. M m . M m . M m .
1 126 127 129 132
2 91 84 85 85
3 66 65 65 67

Figure 2 is a curve developed by use of a standard solution 
of sodium sulfate, the readings being confirmed by a number 
of individuals. I t should be remembered, however, that

T a b le  I I — T u r b id im e te r  R e s u lts  fo r  S u lf a te s  in  B o ile r W a te r  
W a t e r  N o. T u r b i d i m b t r i c  G r a v i m e t r i c

P. p. in. P. p. m.
17206 1770 1742
17299 1550 1582
17300 1482 1499
17318 808 812

It is believed that the sharpness of the end point and the 
good agreement obtainable by this instrument will make it of 
practical utility, especially in the power plant.

A pplication of a Brom ine M ethod in D eterm ination 
of Phenol and Cresols1

R. D. Scott

O h i o  D e p a r t m e n t  or H e a l t h ,  C o l u m b u s ,  O h i o

With the increasing application of dephenol ¡zing 
treatm ents to coke oven gas condensates in  order that 
water supplies may not be contaminated by phenolic 
compounds, there is need for accuracy of method in 
determining the phenols content of the wastes before 
and after treatment.

While a method based on the com bination of phenols 
with iodine has been considered more accurate than  
various bromine methods, data are presented which 
show that under certain prescribed conditions a bro
m ine method yields the more accurate results.

Iodine Methods
Theoretically, phenol and 

m-cresol form triiodo com
pounds, while o-eresol and p- 
eresol form diiodo compounds. 
In the application of the 
Messenger-Vortmann method 
to mixtures all are conven
tionally calculated to phenol, 
C«HsOH, as triio d o  com
pounds, according to the

W ITHIN the last five 
years dephenoliza- 
tion of those coke 

oven liquors which eventually 
reach public water supply in
takes, in order to eliminate so 
far as may be practicable the 
development of objectionable 
tastes following chlorination, 
has become a general practice.

To measure the efficiency 
of dephenolizing plants, the 
need exists for an accurate method of determining the phenols 
content of these wastes before and after dephenolization; 
the work to be described was prompted by the belief that 
existing methods are not sufficiently accurate.

The Skirrow (12) procedure for the estimation of phenols 
in gas liquors, the Rose and Sperr (10) modification of which 
is at present in general use, may be separated into two parts, 
first the removal of interfering substances, and second the 
combination of phenol and cresols with iodine, employing 
the method of Messenger and Vortmann (7). The procedure 
is subject to material errors, both in the removal of inter
fering substances and in the final determination of phenols. 
In this paper, only the determination of phenols is con
sidered, preliminary purification being assumed.

Several bromine methods are also in use. For instance, 
U. S. Steel Corporation chemists (14) add bromine in excess, 
acidify, then dry and weigh the precipitate of bromine com
pounds of phenol and cresols. Williams (IS) applies a bromine 
titration after preliminary purification. Shaw (11) has de
veloped a method using a specialized preliminary distilla
tion followed by a determination of the phenols in the dis
tillate turbidimetrically with bromine.

1 Received A ugust 5, 1930.

reaction:

CeHtOH +  GI +  3NaOH -  C»HjI,OH +  3NaI +  3H,0

Thus, theoretically only two thirds of the o- and p-cresols 
present would be reported. Actually with these two cresols 
the proportion of iodine fixed is more than the requirement 
for the diiodo compounds and less than the requirement 
for the triiodo compounds.

The writer found that with o-cresol the iodine fixed was 
118.8 per cent and with p-cresol 137.0 per cent of theory 
for the diiodo compound. Thus, only 79.2 per cent of the 
o-cresol and 91.3 per cent of the p-cresol present in a mixture 
would have been reported, applying the triiodo calculation.

Redman, Weith, and Brock (9) modified the Messenger- 
Vortmann method by substituting sodium bicarbonate for 
sodium hydrate and obtained results near to theory when 
working with phenol and the separate cresols. The writer, 
employing their method, also obtained results near to theory, 
phenol and m-cresol being calculated as triiodo compounds 
and o-cresol and p-cresol as diiodo compounds.

However, while this modification yields more accurate 
results than the Messenger-Vortmann method as employed 
by Skirrow, there still exists the error due to the unknown 
and no doubt varying proportions of phenol and the indi-
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vidual cresols present, when the method is applied to waste 
liquors.

I t was also incidentally observed by the writer that the 
proportion of alkali recommended by Skirrow, 4 mois sodium 
hydroxide to 1 mol phenols (Messenger and Vortmann ad
vised the use of at least 3 mois), does not yield maximum re
sults for mixtures of phenol and cresols. I t was found that 
higher results for o- and p-cresols, which were nearer to theory 
for the formation of triiodo compounds, were obtained by 
taking 6 mois of sodium hydroxide to 1 mol of cresol.

Bromine Methods

Koppesclmar (5) appears to have first applied bromine 
to the quantitative determination of phenol, using bromine 
water but later substituting a mixture of potassium and 
sodium bromides and bromates. He considered that the 
method was equally suitable for phenol or cresols, but was 
unable to investigate this point since he lacked pure cresols. 
In the bromide-bromate solution he used the equivalent of 
2 grams of potassium bromate and 7.1 grams of potassium 
bromide per liter. (The present U. S. Pharmacopeia method 
for the assay of phenol calls for 3 grams of potassium bromate 
and 50 grams of potassium bromide per liter.) One hundred 
cubic centimeters of this solution were allowed to act on 0.1 
gram of phenol for 15 minutes, then 10 cc. of potassium 
iodide, 125 grams per liter, and 5 cc. of concentrated hydro
chloric acid solution were added.

Ditz and Cedivoda (3) noted that o- and p-cresols yield 
results differing from phenol and w-cresol, tending to form 
dibromo compounds in contrast to the tribromo compounds 
formed by phenol and »¡-cresol; they concluded also that 
while tribromophenol brom is completely reduced to tribromo- 
phenol by hydriodic acid, dibromo-p-cresol brom is only 
partially reduced; further that in the presence of a large 
excess of bromine o- and p-cresols may form tribromocresol 
broms.

Autenrieth and Beuttel (1) found that if bromine is added 
to p-cresol in only slight excess the precipitate is a mixture 
of dibromocresol brom and dibromocresol. With a large 
excess of bromine reacting for several days the precipitate 
was largely (about 88 per cent) converted into tribromo
phenol brom.

Lloyd (6) in a study of the bromine determination of phenol 
only, concluded that irregularities in results are due to the 
formation of varying amounts of tribromophenol brom and 
that this compound is not quantitatively converted into 
tribromophenol by hydriodic acid. He noted that the for
mation of tribromophenol brom was promoted by the presence 
of large excess of bromine and prolonged reaction, while its 
formation was repressed by the presence of a considerable 
concentration of acid and also of potassium bromide.

Pence (S) investigated a number of the factors affecting 
the bromine estimation of phenol and cresols. He found 
that prolonged reaction with a considerable excess of bromine 
gave higher results for o- and p-cresol than could be accounted 
for by the formation of either di- or tribromocresol broms 
and that reduction with potassium iodide was incomplete, 
higher results being obtained for o-cresol than for p-cresol. 
With wi-cresol results were nearer theory for the formation 
of tribromocresol brom, followed by complete reduction to 
tribromocresol by potassium iodide, but high results were 
noted on prolonged standing with bromine.

Redman, Weith, and Brock (9) confirm the results of Pence 
and conclude that o- and p-cresol broms are not readily re
duced by potassium iodide because the precipitate of these 
compounds condenses into dense particles which do not 
afford free access to the hydriodic acid. They state that 
with the bromine method the results are too dependent upon 
the dexterity and patience of the individual experimenters.

Iiolthoff and Furman (4) conclude that phenol and w- 
cresol are accurately determined with bromine, while o- 
and p-cresol require somewhat more than two bromine 
atoms, the quantity of bromine taken up being dependent 
upon the amount in excess, the acid concentration, and the 
time of reaction.

Thus it appears that various reactions may take place 
upon the bromination of cresols and their subsequent reduc
tion with hydriodic acid, and that their determination by 
the use of bromine has not met with much favor.

However, preliminary studies led the writer to the opinion 
that for the purpose of determining phenol and cresols in 
mixtures, such as for example, gas liquors and coke oven wastes, 
bromination offered possibilities of greater accuracy than the 
present iodine methods, and as a result of further experi
mental work a method was devised with which satisfactorily 
accurate results may be obtained.

In this work, the data of which is too extensive to be 
shown in full, the phenol used was a c. p . grade further purified 
by distillation, retaining the middle third. The cresols used 
were the “practical” grade of the Eastman Kodak Com
pany, purified by distillation, retaining the middle third, 
redistilling this portion, and finally retaining the middle 
third. Some comparisons were also made with Kahlbaum’s 
cresols, redistilling and retaining the middle third; no ma
terial differences were noted.

Experimental Data

C o n c e n t r a t io n  o f  A c id—Increase in concentration of 
hydrochloric acid in the range from 0.05 N  to 0.25 N  yielded 
progressively higher results for o- and p-cresol, o-cresol being 
the more affected. With higher concentrations the results 
were not materially higher and some liberation of iodine oc
curred by the acid alone acting upon potassium iodide. 
With phenol and /«-cresol low results were noted with 0.05 
N' acid, maximum results with 0.1 N, the same results with 
0.25 N, and low results with 1.25 N.

Conc e n t r  a t io n  o f  P o t a s s iu m  I o d id e—Increase in con
centration of potassium iodide in the range from 0.01 to 
0.20 molar yielded progressively lower values for o-cresol. 
With p-cresol, wi-cresol, and phenol no material differences 
were noted.

D u r a t io n  o f  R e d u c t io n  w it h  P o t a s s iu m  I o d id e—In
crease in the time allowed for reduction with potassium iodide 
in the range from 2 minutes to 2 hours yielded progressively 
materially lower results for o-cresol. With p-cresol, w- 
cresol, and phenol only a slight progressive decrease in re
sults was noted.

D u r a t io n  o f  B r o m in a t io n —Increasing the time allowed 
for the reaction with bromine in the range from 5 minutes 
to 4 hours yielded progressively much higher results for 
o- and w-cresol. A  smaller progressive increase was noted 
for p-cresol and a still smaller increase for phenol.

E x c e s s  o f  B r o m in e —Raising the excess of bromine 
present, either by adding more potassium bromate or by tak
ing smaller amounts of phenols, yielded progressively much 
higher results for o-cresol. With p-cresol, m-cresol, and 
phenol a much smaller increase in results was noted.

T e m p e r a t u r e  d u r in g  B r o m in a t io n —Increase of tem
perature in the bromine reaction in the range from 20° to 
30° C. yielded materially higher results for o-cresol and p- 
cresol. With m-cresol and phenol no material change in 
results was noted.

V o l u m e  o f  S o l u t io n —Increase in volume of the solu
tion containing phenols, in the range 25 to 250 cc., yielded 
progressively higher results for o- and p-cresols. With Tri
cresol a smaller increase was noted and with phenol a still 
smaller increase. Increase in volume to 700 cc. yielded
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much lower results in each case. I t was observed that with 
a solution containing 0.025 gram of phenol or cresol in 200 
cc., bromination produced a large volume of precipitate with 
phenol, a smaller amount with m-cresol, a very scanty pre
cipitate with p-cresol, and no precipitate with o-cresol.

C o n c e n t r a t io n  o f  P o t a s s iu m  B r o m id e—Increase in con
centration of potassium bromide in the range 0.03 to 0.31 
molar yielded a large progressive decrease in results for o- 
cresol, while with p-cresol a small progressive increase in re
sults was noted. With m-cresol and phenol a small progres
sive decrease in results was noted. The results of variation 
in potassium bromide concentration are shown in Table I.

T a b le  I— E ffec t o f P o ta s s iu m  B ro m id e  C o n c e n tr a tio n  
Phenol or cresol taken, 0.0250 gram  
Solution containing phenol or cresol, 200 cc.
K B r03 added, 25 cc. solution containing 3 gram s in 1 liter 
Acid added, 10 cc. 1:1 HCl
K B r added, 25 cc. solution containing 200 grams in 1 liter 
D uration  of brom ine reaction, 1 hour; tem perature, 25° C.
D uration of K Ï reduction, 30 m inutes
NasSiO», 0 .9830 O .liV ; 25 cc. =», 27 .22  cc. KBrOa solution

P h e n o l o-C re so l m- C re so l P -C re so l

K B r
NasSsOa W t.

Phenol NajSîO s
Wt.
O'

Cresol
N a 2S:03

W t.
m-

Cresol

Wt. 
N ^S îO a p- 

Cresol

Grams Cc. Gram Cc. Gram Cc. Gram Cc. Gram
0.75
1.50
3.00
6.25

10.00

16.52
16.32
16.24
16.22
16.20

0.02543
0.02512
0.02500
0.02497
0.02494

15.72
15.44
15.04
14.12
12.92

0.02780
0.02730
0.02659
0.02497
0.02285

14.52 
14.42 
14.12 
14.02 
13.92

0.02568
0.02550
0.02497
0.02479
0.02462

13.97 0.02470 
14.00 0.02475 
14.07 0.02488 
14.10 0.02493 
14.17 0.02506

In general, the results for phenol and m-cresol are not 
greatly affected by changes in the factors noted, o- and 
p-cresol are in general affected to a greater extent, o-cresol 
the more markedly with a tendency toward high results, 
p-cresol with a tendency toward low results. Thus, the 
problem is largely the adaptation of the various factors in
volved in the direction that lower results would be obtained 
for o-cresol and higher results for p-cresol.

Bromine Method for Phenol and Cresols

It was found possible to take advantage of the data ob
tained in this experimental work to devise a method which 
has been found to yield reasonably accurate results for phenol 
as well as for m-, 0 -, and p-cresol, singly or in mixture, as 
follows:

After carrying the sample through a suitable preliminary 
purification treatment, take an aliquot estimated to con
tain about 0.02 gram of phenol or cresols in terms of phenol 
and transfer to a 500-cc. glass stoppered flask. Add just 
enough distilled water to make the volume 200 cc. Add 
25 cc. (measured) of potassium bromide solution containing 
250 grams in one liter. Add 10 cc. of 1:1 hydrochloric acid 
solution and place in a water bath held at 25° C. Let stand 
until the temperature of the solution is 25° C. Add exactly 
25 cc. of potassium bromate solution containing 3 grams in 
one liter. Mix well, then let stand at 25° C. (preferably 
within 1 degree, at most within 2 degrees) for exactly 60 
minutes, shaking two or three times during this period. 
At the end of this time add 25 cc. of potassium iodide solu
tion containing 200 grams in one liter, mix well, and let 
stand at 25° C. for exactly 30 minutes, shaking two or three 
times during this period.
^T itra te  the liberated iodine with 0.1 N  sodium thiosul- 
fate, adding starch solution near the end of the titration and 
disregarding any return of the blue starch-iodine color. 
Run a blank determination in the same manner.

The difference between the two titrations times 0.0015675 
equals the weight of phenol and cresols in terms of phenol. 
The calculation is made according to the empirical reactions 
for cresols:

C„H4.CH3OH +  8Br = C6H.CH,Br3OBr +  4HBr (1)
C,H.CH3BrsOBr +  2HC1 +  2KI =  C,H.CH3Br8OH

+  2KC1 + Ij +  HBr (2)

The net result is 6 mois of bromine for 1 mol of cresol, a simi
lar reaction taking place with phenol. While these reac
tions may go to practical completion with m-cresol, with
0- and p-cresol it is probable that the first reaction only 
partially takes place, further that the tribromocresol broms 
which may be formed are incompletely reduced by hydriodic 
acid to tribromocresols, in which event high values would 
result. I t is probable also that there is a considerable for
mation of dibromocresol broms with incomplete reduction 
to dibromocresols, with resulting low values when calculated 
as tri- compounds, and in addition there may be some con
version of tribromocresols into tribromophenol.

T a b le  I I —R e s u lts  w ith  V ario u s  W e ig h ts  o f P h e n o ls

W e ig h t s
T a k en

W e ig h t s  F otjnd

Phenol o-Cresol m-Cresol p- Cresol C om posite

Gram Gram Gram Gram Gram Gram
0.0400 0.03947 0.03627 0.03947 0.03867 0.03816
0.03500 0.03463 0.03306 0.03459 0.03425 0.03420
0.03000 0.02980 0.02915 0.02972 0.02951 0.02984
0.02500 0.02496 0.02504 0.02482 0.02490 0.02492
0.02000 0.02000 0.02057 0.01986 0.02000 0.02010
0.01500 0.01500 0.01596 0.01494 0.01504 0.01514
0.01000 0.01006 0.01084 0.01000 0.09980 0.01008
0.00500 0.00504 0.00579 0.00495 0.00499 0.00518

T a b le  I I I — E ffec t of T e m p e ra tu re

T e m p , of  
S o l n .

W e ig h t s  F o u nd

Phenol o-Cresol m-Cresol p- Cresol Composite

0 C. Gram Gram Gram Gram Gram
20 0.02489 0.02417 0.02460 0.02426 0.02452
23 0.02473
25 0.02489 0.02492 0.02469 0.02487 0.02496
27 0.02509
30 0.02489 0.02584 0.02489 0.02540 0.02523

The method presented would seem to provide a balance 
of these conditions which yields nearly theoretical results.

The above method is accurate for phenol, 0-, m-, and p- 
cresol when the weight present is about 0.022 gram. In the 
case of phenol, m-, and p-cresol, considerable variation from 
this weight does not materially affect the accuracy of the 
determination. However, with o-cresol extreme variations 
from this weight do materially affect the accuracy of the 
method. Thus, taking 0.022 gram of o-cresol, 100.16 per 
cent of theory was found; with 0.0261 gram, 97.17 per cent; 
with 0.0174 gram, 102.85 per cent.

With wastes such as gas liquors and coke oven wastes, 
while the proportion of o-cresol is uncertain and variable, it 
probably does not exceed one fourth of the total weight of 
phenol and cresols. On this basis, no appreciable error will 
be introduced if the indicated weight of phenols in terms of 
phenol is from 0.01 to 0.03 gram, equivalent to from 6.4 to 
19.1 cc. of 0.1 N  bromine fixed.

If the indicated amount of phenols is without this range, 
the determination should be repeated, using an aliquot which 
will fall within these limits.

If the concentration of phenols in the sample examined is 
so low that it is not practicable to have as much as 0.01 gram 
present in a volume of 200 cc., it. is still possible to obtain 
results of considerable accuracy by increasing the concen
tration of potassium bromide. Thus, for weights of phenols 
of from 0.005 to 0.1 gram, 55 cc. of potassium bromide solu
tion should be added.

Results noted with the method are shown in Table II, 
1 cc. of 0.1 N  bromine being calculated as equivalent to 
0.0015675 gram phenol and 0.001801 gram cresol. The 
results under the heading “Composite” were obtained with
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a mixture of 4 parts of phenol, 2 parts of o-cresol, 1 part of 
m-cresol, and 1 part of p-cresol.

The effect of variation in temperature is shown in Table 
III, the weight taken in each case being 0.025 gram. There 
remains the error due to calculation of both cresols and 
phenol in terms of phenol. This may be eliminated if de
sired, by applying the method of Chapin (2) to estimate 
the proportion of phenol present in the mixture of phenol 
and cresols.
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Should a Change Be Made in  A nalytical P rocedure for 
Evaluating Available Phosphoric  Acid C ontent 

of Fertilizer Materials?1
C. C. Howes and C. B. Jacobs

D a v i s o n  C h e m i c a l  Co., B a l t i m o r e , M d,

THE rapidly changing fertilizer industry demands that 
a constant watch be kept on the methods of analysis 
used to evaluate the plant food content of materials 

offered.
Most of our present methods have been in use for many 

years. From time to time minor changes have been made 
in order that they will be suitable for a greater variety of work.

The present method of determining the available phos
phoric acid has recently come into a prominent position due 
to the introduction of synthetic ammonia as a potential 
nitrogen-bearing fertilizer material. The use of ammonia 
either in the anhydrous or aqua form is dependent chiefly 
on the amount of this material that can be chemically com
bined with the superphosphate to which it is added. Dur
ing recent experiments to study conditions accompanying 
the injection of ammonia into superphosphate, a number 
of difficulties were encountered with the present official 
method for determining the insoluble P2O5.

T a b le  I— I n s o lu b le  PjOs in  A m m o n la te d  S u p e rp h o s p h a te  
Ammonia con ten t, 3 .5 0  to  6 .00%

I n s o l u b l e  PsOs I n s o l u b l e  PjOs

2-gram 1-gram 2-gram 1-gram
sample sample sample sample

% % % %
4.67 2 .30 2 .46 0 .44
0 .94 0 .33 2 .12 1.0S
1.78 0 .60 3 .03 1 .36
1.16 0 .60 5.09 3.20
1.02 0 .32 3 .97 1.78
0 .86 0 .22 1.42 0 .46
0 .98 0 .32 1.72 - 0 .62
3 .42 1.6S
3.84 1.60

This method has been in use with little change for man}' 
years and it was with hesitancy, even after thorough pains
taking analyses, that these variations were reported. The 
first of these irregularities was observed when we departed 
from the official procedure by using a 1-gram portion instead 
of 2. This deviation was made because it was at first thought 
that on the addition of ammonia too much dicalcium phos-

1 Received Septem ber 22, 1930. Presented  as a p a rt of the Sym posium  
on "A ction  of Ammonium C itra te  on Superphosphates,” before th e  Division 
of Fertilizer Chem istry a t  the  80th M eeeting of the  American Chemical 
Society, C incinnati, Ohio, Septem ber S to  12, 1930.

phate had been formed to be soluble in the 100 cc. of neutral 
ammonium citrate solution. With this deviation the in
soluble P2O5 present was changed entirely as will be noted 
in Table I.

T a b le  I I— E ffe c t o n  In s o lu b le  P jOs R e s u l ts  b y  V a ry in g  p H  V alu e  o f 
A m m o n iu m  C i t r a te  S o lu t io n

A m m o n i u m

C i t r a t e

S o l n .

I n s o l u b l e  P sO j

Amm oniated
superphosphate

Superphosphate 
(not am m oniated)

pH % %
4 .5 0 .97 0 .62
5 .0 0 .98 0 .62
5 .2 1.00 0 .6 0
5 .3 0 .9 8 0 .63
5 .4 1.06 0 .62

• 5 .6 1.16 0 .60
5 .8 1.26 0.61
6 .0 1.54 0 .62
6 .3 2 .94 0 .62
6 .6 4 .23 0 .63
7 .0 4 .67 0 .61
7 .8 6 .34 0 .62
8 .4 8 .12 0 .69
8 .8 8 .60 0.71

w i t h  i - g r a m  p o r t i o n

7 .0 2 .30 0 .60

After making a number of insoluble determinations on 
different samples containing varying amounts of ammonia, 
it became necessary to make up a new neutral ammonium 
citrate solution. The citrate solution was made up following 
the prescribed official procedure, using phenol red as the indi
cator. Following the preparation of the new batch of cit
rate solution several samples were run that had previously 
been run with the old citrate solution. The results of these 
differed very widely from those obtained with the old solu
tion. With these variations it was believed that the dif
ficulty lay in the citrate solution. Upon determining the 
true reaction of the first citrate solution it was found to have 
a pH value of 6.5, while the new citrate solution prepared 
last had a pH value of 7.0. This led to the belief that a 
slight variation in the pH value of the citrate solution may 
cause wide variations in the insoluble P2O5 results, in ma
terial to which ammonia has been added. A number of 
citrate solutions were then made up with pH values rang
ing from 4.5 to 8.S. Samples to which ammonia had been 
added to the extent of 5.76 per cent were then analyzed with



January 15, 1931 INDUSTRIAL AND ENGINEERING CHEMISTRY 71

each of these citrate solutions. Table II shows the results 
of this experiment. In addition to these figures a 1-gram 
portion was analyzed with the citrate solution having a pH 
value of 7.0. An insoluble P20 5 figure of 2.3 was obtained, 
while it will be noted that the 2-gram portion gave an in
soluble P2O5 of 4.67 per cent. An experiment similar to 
that shown in the previous tabulation was made with a nor
mal superphosphate—that is, one to which no ammonia 
had been added. The results of this experiment are also 
shown in this table.

I t will be noted that the variations obtained with the nor
mal superphosphate are within the limits of experimental 
error.

Another experiment to study the effect of varying the ratio 
of sample to citrate solution was then carried out, in a 65° C. 
bath for 30 minutes, on a 2-gram sample of normal super
phosphate and on one which had been ammoniated 6.2 per cent. 
An ammonium citrate solution having a pH value of 7.0 
was used. Table III gives the results of this experiment.

T a b le  I I I— E ffec t o n  In s o lu b le  P 2Os R e s u l ts  by  V ary in g  A m o u n t 
o f C i t r a te  S o lu t io n

S u p e r p h o s p h a t e

A m m o n i u m  C i t r a t e

100 cc. 200 cc. 250 cc. 300 cc. 350 cc. 400 cc.

% % % % % %
N o t am m oniated 0.S3 0.78 0 .74 0 .69 0.66 0 .64

1.90 1.82 1.80 1.82 1.76 1.76
A m m oniated 5 .40 2.54 2.01 1.64 1.80 1.49

It will be noted from these results that extreme variations 
are obtained with ammoniated goods, while the variations 
with a normal superphosphate are much less and scarcely 
more than that due to experimental error.

Another series of analyses was made to study the effect 
of the time of exposure of sample to citrate solution, on 
both the normal superphosphate and ammoniated super
phosphate. In this series both a 1 -gram portion and a 2- 
gram portion of sample were used. These results are shown 
in Table IV.

T a b le  IV— E ffec t o n  In s o lu b le  PiOs R e s u l ts  by  V ary in g  
P e rio d s  of D ig estio n

S upe rp h os ph at e
2 -G ram S ample 1-Gram S amp L.E

*/* hr. 1 hr. I 1/* hrs. V« hr. 1 hr. 1 ‘/ j  hrs.

% % % % % %
N o t am m oniated 0 . 8 3 0 . 5 9 0 .5 9 0 .7 4 0 . 6 0 0 .5 8

1 .9 0 1 .7 4 1 .74 1 .8 4 1 .80 1 .76
Amm oniated 5 .4 6 4 . 3 3 4 .3 2 1 .64 0 . 7 8 0 . 6 8

Difficulties with Official Method

The official method as it now stands seems to serve well 
in cases where ammonia has not been introduced, but from 
the data given in the preceding tabulations it is quite evi
dent that this method will not serve without alteration in 
cases where ammonia has been introduced. Under the 
present status innumerable difficulties may be expected. 
For instance, let us picture for a moment conditions where 
a manufacturing department depends entirely on the labora
tory to govern the compounding of its materials. Good 
practice demands that the laboratory follow the official 
method as closely as possible. Let us suppose that ammoni
ated superphosphate is to be used to compose a mixture. 
The analyst is required to weigh a 2-gram portion. The 
results of his analysis will be used to calculate the desired 
amount of the ammoniated superphosphate to be used. 
Let us suppose further that in compounding this mixture 
a 16 per cent available P2O5 will be used to give an 8 per 
cent available P20 5 in the finished product. When the 
sample of the finished material is submitted to the laboratory

a 2-gram portion is again weighed. This means that there 
is the equivalent of only 1 gram of the ammoniated super
phosphate taken in the analysis. Let us for a moment refer 
back to Table I and the first illustration given. This sample 
shows, with a 2-gram portion, 4.67 per cent insoluble P205, 
and with a 1-gram portion, 2.30 per cent insoluble P2O5, a 
difference of 2.37 per cent insoluble phosphoric acid. Such 
practice could not be tolerated very long. It would mean 
either reworking the material or sustaining a loss of 2.37 
units of phosphoric acid. The same results in varying de
grees will be found, depending upon the amount of am
moniated superphosphate used to compose the finished fer
tilizer mixture.

In addition to plant control difficulties, an unfair discrimi
nation is made against the manufacturer of ammoniated 
superphosphate in favor of the dry mixer who uses it. The 
present official method specifies that the ammonium citrate 
solution shall be neutral, but further states that phenol red 
may be used as the indicator to determine the neutral point. 
This leaves it optional with the analyst where no standard 
indicator solutions are available, as to what the neutral 
point with phenol red may be. His choice of the neutral 
point may be anywhere between 6.8 and 8.4, although one 
would not expect extreme variations. As a matter of curi
osity, samples of supposedly neutral ammonium citrate 
were obtained from a number of laboratories engaged in fer
tilizer work. The pH value was determined on each of these 
solutions and they were found to have a range from 6.1 to 
7.1. Referring back to the insoluble determinations shown 
in Table II and visualizing material of this nature being 
compounded according to the results yielded with the cit
rate solution having a pH value of 6.1 and later being ana
lyzed in a state control laboratory with a citrate solution 
having a pH value of 7.0, the results would have a great 
tendency to place the manufacturer offering such goods in 
a very bad position. Should it so happen that the pH value 
of the citrate solutions of the plant control laboratory and 
the state laboratory be reversed, the results would have a 
tendency to cause the factory management to make a change 
in their personnel. However, the results obtained with cit
rate solutions covering the pH range just mentioned, ap
plied to unammoniated goods, would be satisfactory as 
shown in Table V.

T a b le  V—V a ria tio n s  in  In s o lu b le  PjO* R e s u l ts  w ith  C h an g e  
in  p H  V a lue  o f C i t r a te  S o lu t io n

W eight
op

S ample

C itr ate -Ins ol ub le  PjOî W h e n  pH  of Citrate  
S olution I s : N ils

7 . 0  6 . 7  6 . 5  6 . 2  5 . 7  5 . 4  5 . 0  4 . 6  4 . 2  3 . 5

Grams % % % % % % % % % %
NORMAL SUPERPHOSPHATE---SLIGHT VARIATION

2 0 .1 9  0 . 1 8  0 . 1 6  0 . 1 6  0 . 1 7  0 . 1 6  0 . 1 7  0 . 1 6  0 . 1 6  0 .1 6 None
1 0 . 1 8  0 . 1 8  0 .1 8  0 . 1 7  0 .1 6  0 . 2 0  0 . 1 7  0 . 1 8  0 . 1 6  0 . 1 6
2 2 . 1 0  2 . 1 0  2 .1 1  2 . 1 0  2 .0 6  2 .1 1  2 .1 4  2 .1 5  2 . 2 4  2 .1 6 None
1 2 .0 4  2 . 1 8  2 .1 4  2 . 0 8  2 . 1 0  2 .1 6  2 . 1 4  2 .1 4  2 . 2 2  2 .1 2

ammoniated su pe r ph o sp ha te— w id e  variation

2 6 .6 6  6 . 4 9  6 . 1 9  4 . 5 2  3 . 0 9  2 .6 4  1 .8 9  1 .7 7  1 .2 9  0 . 7 2 5 .7 8
1 4 .1 2  4 . 1 2  3 .6 0  1 .6 2  0 .8 4  0 . 6 6  0 . 5 8  0 . 5 8  0 . 5 6  0 .4 4
2 5 . 8 0  5 . 8 0  5 .6 5  3 . 1 1  1 .8 4  1 .3 2  0 .9 7  0 . 8 0  0 .5 7  0 . 5 0 5 .0 3
1 2 .5 4  2 . 4 4  2 . 1 4  0 . 6 2  0 . 4 8  0 . 4 6  0 . 4 6  0 . 4 4  0 .4 6  0 . 4 2
2 6 .3 6  6 . 2 0  6 .1 2  4 . 6 5  3 .3 3  2 . 7 6  2 . 5 0  2 . 0 3  1 .4 1  0 .8 7 5 .7 6
1 4 .2 4  4 . 2 6  3 .8 0  2 . 0 0  1 .1 6  0 . 7 2  0 .5 6  0 . 5 8  0 . 5 2  0 . 4 0
2 6 .4 6  6 .3 7  6 .3 1  4 . 5 9  3 . 3 6  2 . 6 3  2 .1 8  1 .6 6  1 .3 5  0 .6 1 4 . 7 6
1 3 .7 6  3 . 6 8  3 .4 4  1 .7 2  0 . 9 2  0 . 7 0  0 .6 6  0 . 6 2  0 .6 2  0 . 4 8
0 5 .3 2  5 . 2 6  4 . 9 8  3 . 5 4  2 .0 7  1 .3 5  1 .0 0  0 . 6 6  0 . 4 8  0 . 2 5 6 .2 1
1 3 . 4 8  3 .3 4  3 . 2 0  0 . 9 8  0 . 3 8  0 . 3 2  0 . 3 0  0 . 3 2  0 . 2 7  0 . 2 9

New Method Advocated

The main points at issue are: First, that the official method 
for the determination of insoluble P2O5 as it now stands is 
applicable in cases where ammonia has not been introduced,
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and the least that can be done is to pay a tribute to the 
authors who have contributed to such a method that has 
served well for so many years. We are now confronted 
with rapidly changing practices and materials, and it is very 
obvious that it may become necessary to devise an entirely 
new method to take care of this new product. By con
tinuing with the present method, a hardship is being worked 
on the manufacturers of fertilizers and on the manufacturers 
of synthetic and by-product ammonia, as well as on the 
users of fertilizers. There is no doubt but that the injec
tion of ammonia into fertilizer materials will remedy a num
ber of difficulties with which the manufacturer and farmer 
have contended for a number of years. By this statement 
a reduction in the free acid content and an improvement 
in the storing and drilling qualities of fertilizer materials 
is meant.

By an injection of ammonia as such into superphosphate 
or superphosphate-bearing fertilizer materials, it is only with 
the greatest difficulty that the so-called reversion of the 
available phosphate is prevented. Numerous publications by 
various investigators lead to the belief that most of the avail
able phosphoric acid under its present classification reverts 
to an insoluble form shortly after application to the soil.

A number of investigators have also shown that phosphoric 
acid in that condition is still available as plant food. If 
these reports be true, and there is every reason to believe 
that they are, then it seems only reasonable and fair to both 
the manufacturer and the user that a thorough study be 
made as promptly as possible, of the compounds formed in 
superphosphate during the injection of ammonia, with a view 
towards reclassifying and reinterpreting the term “available.” 
Such an investigation involves a large number of pot and 
field tests and would necessarily have to be accompanied 
by a large amount of laboratory work. The writers under
stand that much of this work is now under way.

This seems to be one of the most important manufacturing 
problems with which the fertilizer industry is confronted 
today. Much benefit will result to all concerned if the maxi
mum amount of this form of nitrogen can be used. I t  is 
essential that this question be very definitely worked out 
and as soon as possible, because the manufacturer must 
necessarily anticipate his processes of the future.

I t  is a duty of this organization to lay aside all precedent 
and carry on a well organized system of experiments, the re
sults of which will answer the questions with which we are 
confronted.

M easurem ent of A brasion Resistance
I—Paints, Varnishes, and Lacquers1

SINCE organic finishes 
such as paints and var
nishes are often subject 

to abrading forces, it is desir
able to evaluate them with re
spect to their resistance to 
abrasion. Several m ethods 
have been developed for this 
purpose, some of which have 
been described by G ardner 
(1). Among these, the Parlin 
method is representative of a 
type of test in which an ab
rading surface is moved at 
con tro lled  p ressure  and 
speed over the organic film, 
and the abrasion value taken 
as the number of passes required to cut through the material. 
This method is open to criticism in that an appreciable 
frictional heating is produced at the interface of film and 
abrasive and, furthermore, that the abrading surface under
goes variation with use. On the other hand, Gardner’s 
falling sand method, in which the abrasive falls by gravity 
through a long confining tube and impinges on the paint 
film, appeared more suitable in principle for the develop
ment of a precise test. The method to be described in the 
present paper has employed a modification of this principle 
in that air at carefully controlled pressure is used to drive 
the abrasive against the film under test.

The present abrasion test consists essentially in admitting 
a stream of Carborundum particles into a rapidly flowing

1 Received Septem ber 19, 1930. P resented  before th e  Division of
P o in t and Varnish C hem istry a t  the  SOth M eeting of the  American Chem ical
Society, C incinnati, Ohio, Septem ber S to  12, 1930.

air stream and allowing the 
uniform mixture of air and 
Carborundum to im pinge 
against a film of known thick
ness of the m ate ria l to be 
tested. The weight of Car
borundum required to wear 
through the film is measured 
and arbitrarily defined as the 
abrasion value for a given 
thickness of the material. 
Obviously, in order to obtain 
reproducibility of measure
ment, it becomes necessary to 
hold the conditions of the 
test constant. With a view 
to making the method gener

ally applicable, the variables that affect the abrasion value 
have been studied both as to their nature and relative magni
tude.

Although the method is by no means restricted to the 
determination of relative abrasion resistance of paint films, 
the test has been developed using these as the test materials. 
I t is well known that the properties of material of this type, 
especially when of oleoresinous origin, are much affected by 
temperature and humidity. I t  seemed necessary, therefore, 
to carry on this study under controlled air conditions. The 
effect of temperature and humidity of the air was investi
gated over a wide range of indoor variation, the air condi
tions ranging from 21.1° C. (70° F.) and 41 per cent relative 
humidity to 32.2° C. (90 ° F.) and 90 per cent relative humidity. 
The materials tested were: (1) three varnishes of differing 
oil lengths but of a common synthetic resin; (2) two series 
of lacquers each of a different resin in three different concen-

A. E. Schuh and E. W. Kern

B ki.l T e l e p h o n e  L a b o r a t o r i e s , 463 W e s t  S t . ,  N e w  Y o r k , X. V.

A m ethod of measuring the abrasion resistance of 
m aterials in the form of thin  films has been devised. 
While designed primarily for the study of paint, lac
quer, and varnish films, the m ethod should be useful 
also in the study of a wide range of other materials. 
The m ethod consists essentially in the following: 
Carborundum powder of uniform  particle size is ad
m itted at a constant rate to a directed stream of air 
under constant pressure and the resulting Carborun
dum -air blast is allowed to im pinge upon a film of the 
test m aterial m ounted at a fixed angle. The weight of 
Carborundum required to wear through a unit thick
ness of m aterial is taken as the abrasion resistance of 
the material. The development of this test has in 
cluded an investigation of the variables pertaining 
both to the apparatus and to the m aterial under test.
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1  |-5 cm-

—mcmJ-
F ig u re  1—D ia g ra m  of 

N ozzle

trations; (3) a baked japan, a baked varnish, and a varnish 
enamel.

Apparatus and Procedure

The abrasion machine, which is shown together with pres
sure regulating devices in Figure 4, consists essentially of a 
box into the upper portion of which a nozzle confining the air- 
Carborundum stream is inserted. An adjustable table, upon 

which the sample to be tested is 
mounted, is brought into position 
against the lower end of the nozzle. 
For films over opaque base materials, 
illumination is effected from the front 
through a window in a door through 
which the sample is introduced. For 
films over transparent base, illumi
nation is effected through a window 
in the rear. The Carborundum falls 
into a lower compartment of the box 
and a finely meshed screen allows the 
air to escape while retaining the Car
borundum. For an actual determi
nation, the test specimen is mounted 
in place, the air turned on, and when 
at equilibrium pressure, the Carbo
rundum stream is started by remov
ing a pinch clamp from the tube lead
ing to the weighed container of Car
borundum situated above the abra
sion box. As soon as the blast of 
abrasive wears through the film re
vealing the underly ing  base uni

formly over a small area about 2 mm. in diameter, the Car
borundum stream is shut off and the loss in weight of the 
Carborundum container measured. The thickness of the 
film is determined at several points at the edge of the wear 
spot and the number of grams required to wear through unit 
film thickness calculated.

In the present study, air at the desired temperature and 
humidity was obtained by compressing the air from the 
room, which was automatically conditioned. The heat gener
ated by compression was dissipated by allowing the air to 
flow through a copper coil within a large water bath held at 
room temperature. The pressure of the air was then regu
lated by an adjustable T-outlet in a column of water. An 
equalizing reservoir was employed to smooth out minute 
fluctuations. Pressure as delivered to the abrasion machine 
was determined by means of a mercury manometer.

The heart of the instrument consists of the nozzle in which 
the air and Carborundum streams are intimately mixed. Many 
designs were tried and for the present development a nozzle 
shown in Figure 1 was employed.

This design combines simplicity of construction with 
ease of duplication, and it has made possible measurements 
of high precision. For ease of duplication of nozzles, a 
straight air tube was found essential, since any bends or 
kinks markedly affected the abrasion value obtained. In 
order to calibrate a new nozzle of this same design against a 
nozzle of known performance, it was necessary only to adjust 
the position of the inner air tube, by lowering or raising, with 
respect to the outer confining tube. The difference of di
ameters of the two tubes produces a flaring of the air stream 
with the result that the Carborundum which is introduced by 
gravity at any suitable point above the end of the inner tube 
is uniformly mixed with the air.

Variables Pertaining to Method
Since this study was conducted on paint films of various 

types, which unfortunately are variable in both physical

and chemical behavior, it seemed desirable to segregate the 
variables that pertain to the method from those dependent 
on the material tested. Consequently, the various test 
variables are first discussed, and afterward the application 
of a standardized test to a variety of materials is shown.

E f f e c t  o f  P o s i t i o n  o f  T e s t  S p e c i m e n  o n  A b r a s i o n  
V a l u e —The position of the test specimen with respect to 
the end of the nozzle was varied both in distance from the 
end and in angle with respect to nozzle. The results are 
summarized in Table I.
T a b ic  I - •Effect o f P o s itio n  o f T e s t  M a te r ia l ,  L a c q u e r  N o. 18, o n  

A b ra sio n  V alue
D i s t a n c e  f r o m  

N o z z l e

A n g l e  t o  
P e r p e n d i c u l a r

A b r a s i o n  V a l u e

Cm. Degrees Grams
0 .0
0 .5
1.0
0 .0
0 .0
0 .0

45
45
45
30
45
60

31 .8
35 .8
44 .5  
22 .2
31.5 
50.1

The selection of a definite position is more or less arbitrary, 
so that in all subsequent experiments the test specimen was 
placed against the nozzle and at 45 degrees.

E f f e c t  o f  P a r t i c l e  S i z e —By means of standard A. S. 
T. M. sieves of 80, 100, 120, 140, 170, 200, and 230 mesh 
Carborundum was-separated in a mechanical shaker into the 
various intermediate fractions. Sufficient time was allowed 
in the shaker to permit reasonably clean separation. A 
lacquer film of known composition and thickness was then

tested for abrasion resistance using these various fractions 
of Carborundum and keeping all other conditions of test 
constant.

The results of this experiment are given in Table II.

T a b le  I I— E ffect of P a r t ic le  S ize  o n  A b ra s io n  V alue
M e a n  D i a m e t e r A b r a s i o n

M e s h  S i z e o p  P a r t i c l e s V a l u e

Cm. G ram s/0 .0ÎZ7 mm.
80-100 0.0193 77 .5

100-120 0.0134 73 .3
120-140 0.0115 65.2
140-170 0.0097 51 .0
170-200 0.0081 40 .0
200-230 0.0068 30.7

The variation of abrasion value with particle size is graphi
cally shown in Figure 2. For the small particles, the relation 
seems to be linear. For practical purposes, a given range of
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particle size must be selected, and since the smaller particles 
tend to give a more uniform wear spot the fraction between 
170- to 200-mesh sieves was used in all succeeding experiments.

E f f e c t  o f  A i r  P r e s s u r e —In this experiment the effect 
of changes in air pressure alone was investigated. The 
results are given in Table III.

T a b le  I I I — E ffec t o f A ir P re s su re  o n  A b ra s io n  V a lu e
P r e s s u r e A b r a s i o n  V a l u e

Cm. Hg G ram s/0 .0127 mm.
2 .8 246.5
3 .85 151.8
5 .0 99 .6
6 .0 79 .0
6 .9 66.9
7 .8 56 .5

Figure 3, graphically representing the values of Table III, 
shows how the abrasion value decreases as pressure increases. 
As higher pressures are approached, the rate of change of the 
abrasion value decreases. For this reason a pressure of 
about 6 cm. of mercury was selected as a standard condition. 
At this pressure the time required with the selected rate of 
flow of Carborundum was found convenient for all types of 
films tested.

E f f e c t  o f  R a t e  o f  F l o w  o f  C a r b o r u n d u m —The Car
borundum from the container above the abrasion box passes 
through a small circular orifice, which by its size controls 
the rate of flow into the nozzle. A  series of orifices was 
tested which gave a range of rate of flow of Carborundum 
from 12 grams per minute to 86 grams per minute. On 
holding all the other variables constant the abrasion value 
was found to drop from 86 grams at the slowest rate to 
80 grams at the highest. In other words, a 700 per cent 
change in rate of Carborundum flow caused only an 8 per cent 
change in abrasion value, showing that the distribution of 
the Carborundum in the air stream is almost insensitive 
to its rate of introduction. A  rate of flow of about 24 grams 
per minute of 170- to 200-mesh Carborundum was selected 
as standard.

E f f e c t  o f  S o u r c e  a n d  U s e  o f  C a r b o r u n d u m  o n  A b r a 
s i o n  V a l u e —Two separate lots of Carborundum were 
screened and the 170- to 200-mesh fraction was used to deter
mine the abrasion value of a given material. The same 
average value was obtained in the two sets of determinations, 
the difference being within the experimental error.

Various experiments indicated that, if so desired, the 
same Carborundum could be used safely for several deter
minations. A 5-pound (2.3-kg.) lot of Carborundum of 
170 to 200 mesh was used repeatedly in the course of 200

wear determinations. On comparison of this used Carbo
rundum with fresh material the same abrasion values were 
obtained on a given film. Furthermore, a screen analysis 
of the used and unused Carborundum showed no reduction 
in particle size, although a microscopic examination at a 
magnification of 170 X revealed slight chipping on some of 
the cutting edges.

R e p r o d u c i b i l i t y  o f  A b r a s i o n  V a l u e  w i t h  D u p l i c a t e  
N o z z l e s —It is of practical importance to know how abrasion 
values on any one material can be duplicated with differ
ent nozzles of the same design. By using glass tubes of 
approximately equal bore, and adjusting the position of 
the inner tube, it was possible to construct a second nozzle 
which gave an average abrasion value for a given japan film 
of 100.4 grams as against 100.2 grams for the first nozzle.

For purposes of calibration of nozzles it was found desir
able to use a test film of other than organic nature. A thin 
electroplated coat of cadmium or zinc over polished copper or 
brass proved satisfactory. I t is well known that if the 
conditions of plating are held constant, a coating of uniform 
thickness is obtained. The exact amount of metal distributed 
over the surface is readily determined. In addition, the 
material is not subject to the physical and chemical variation 
which organic films show with age.

In recapitulation, the following conditions of operation 
were shown to be well adapted for the measurement of the 
abrasion resistance of paints, lacquers, and varnishes:

Position of test specimen—flush against end of nozzle and at 45- 
degree inclination 

Particle size of Carborundum—170 to 200 mesh 
Air pressure—6 cm. of mercury 
Rate of flow of Carborundum—24 grams per minute

Application of Test

I t  now became of interest to apply this standardized test 
to the evaluation of the abrasion resistance of various organic 
finishing materials. For this study a number of different 
varnishes and lacquers were formulated. The varnishes 
designated as V-15, V-16, and V-17 were of the compositions 
shown in Table IV.

T a b le  IV— C o m p o s i t io n  o f V a rn is h e s
C o m p o n e n t V-15 V-16 V-17

% by wt. %  by wt. %  by wt.
Amberol resin 20.62 16.7 14.11
China wood oil 23.92 26.26 28.42
Linseed oil (bodied) 5.92 6 .68 7 .13
Lead aceta te 0 .15 0.165 0 .1 8
Liquid cobalt 
M ineral spirits

0 .27 0 .30 0 .33
49.72 49 .90 49.83

T o tal m etal (ratio  Pb:C o =  19:1) 0 .086 0 .095 0.103
Oil length, gal. 18 25 32

Six lacquers of the composition indicated in Table V were 
used.

T a b le  V— C o m p o s i t io n  o f L a c q u e rs
L-17 L-18 L-19 L-20 L-21 L-22

% % % % %
60.5 45 .4 36 .4 60 .5 45 .4 36 .4
30 .4 45 .4 54 .5

30*4 45.4 54 .'5
9 .1 9 ! l 9 .1 9 .1 9 .1 9 .1

C o m p o n e n t

*/j*sec. co tton , ury 
E ste r gum 
Amberol gum 
D ibu ty l ph tha la te

In addition to these materials, a baked varnish, a baked 
black japan, and a varnish enamel were studied. The 
abrasion values for these materials as given in the succeeding 
tables represent the mean of two or more readings with the 
precision'"of the order given in a later separate discussion on 
the precision of the method.

All of the test specimens were prepared on best grade win
dow glass by the spinning disc method and the films were 
allowed to dry in a horizontal position. Glass was selected
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as the base material because it is inert, relatively flat, and 
permits greater ease of observing end points. Furthermore, 
it was felt that the absolute abrasion value would be only 
slightly affected by this choice, since in the test, cohesion 
of the material primarily determines the values and adhesion 
plays only a small part. Only with extreme care was it 
possible to obtain thicknesses of good uniformity. In general, 
varnishes were better than the lacquers owing to their longer 
period of leveling. The uniformity of the lacquer films was 
definitely improved by the addition of slower evaporating 
solvents.

The thickness of the films was determined by means of an 
Ames dial gage reading to 0.0001 inch and permitting esti
mation of hundredths of a mil. The gage was checked 
against a Zeiss optimeter, Johannsen blocks, and a Pratt 
Whitney Super Micrometer, and showed excellent accuracy 
and precision. For use on compressible paint films, the 
practice of gently lowering the spindle of the gage on the 
surface was adhered to. An accuracy within =*=0.02 mil 
was attained. However, an accuracy of 1 per cent is desirable 
in the thickness measurements when the precision of the 
abrasion measurement is considered.

E f f e c t  o f  F i l m  T h i c k n e s s  o n  A b r a s i o n  V a l u e —Since 
varnishes were expected to show a non-linear relationship 
between film thickness and abrasion value, the three different 
varnishes were each spun to three different thicknesses and 
their abrasion value measured. The sample panels were 
allowed to age 18 days after preparation. The results are 
shown in Table V I .

T a b ic  V I— E ffec t o f F ilm  T h ic k n e s s  o n  A b ra s io n  V a lue  of V a rn ish es  
M a t e r ia l  V-15 V-16 V-17
Thickness:

Mil 0 .3 7  0 .6 2  1 .03  0 .44  0 .5 3  1.13 0 .49  0 .7 8  0 .96
Cm. X 10"» 0 .9 4  1.58 2 .62  1.12 1 .35  2 .87  1.25 1 .98  2.44

Abrasion value,
gram s 4 5 .2  9 0 .0  151.1 67 .0  82 .7  192.6 86 .9  164.9 255.0

Table IV, which contains the varnish formulas, and 
Table VI show that as the oil length of the varnish in
creases the deviation from a linear relation becomes more 
pronounced. This indicates that such films at this age had 
not dried through uniformly. However, the short length 
varnish V-15 showed practically a linear relation. In general, 
then, varnishes ought to be compared for abrasion value at 
comparable levels of thickness.

E f f e c t  o f  Age—In order to enhance the effect of aging, 
panels coated with all the materials under test were main
tained at 60° C. (140° F.) in an air oven for a period of 5 weeks 
and then compared for abrasion value with freshly prepared 
films. All the coatings were approximately 0.0127 mm. (0.5 
mil) in thickness. Table VII shows the results of the aging 
test.

T a b le  V II— E ffec t o f A ging  o n  A b ra s io n  V a lue  
M a t e r ia l  A b r a sio n  V a l u e , G ram s/0 .0 1 2 7  k m .

Unaged film“ Aged film
L-20 5 4 .8  45 .5
L-21 38 .9  33.6
L-22 41 .3  35 .8
V-15 79 .2  67 .0
V-16 9 3 .0  87 .6
V-17 118.8 101.0

“ T he  lacquer films were 2 days old and  the  varnish 6 days; bo th  were 
m aintained a t  70° F . (21.1° C.) and  65 per cent relative hum idity  p rior to  test.

Just how much the normal aging of these films was ac
celerated as the result of maintenance at the elevated tem
perature is conjectural. For either type of material, it 
will be observed that the change in abrasion value was not 
large. I t  is apparent, however, that the abrasion test reveals 
the effect of aging.

E f f e c t  o f  T e m p e r a t u r e  a n d  H u m i d i t y  o f  A i r  o n  
A b r a s i o n  V a l u e —The various films employed in the present

investigation were allowed in different experiments to come to 
equilibrium with the air and were maintained at four different 
conditions of temperature and humidity. The values ob
tained for abrasion resistance are given in Table VIII.

T a b le  V III— E ffect o f T e m p e ra tu re  a n d  M o is tu re  o n  A b ra s io n  V a lue
70° F. o o 90° F . 90° F.

(21.1° C.) (21.1° C.) (32.2° C.) (32.2° C.)
M a t e r ia l 41%  R. H. 65%  R. H. 41%  R. H. 90%  R. H.

G./0.0127 G./0.0127 G./0.0127 G./0.0127
mm. mm. mm. mm.

L-17 53.5 44 .3 49 .0 49 .7
L -18 45 .3 37.8 36.6 40 .0
L-19 30 .0 24 .8 25 .6 30.1
L-20 54.3 55 .8 44.6 48 .3
L-21 38.7 38.9 33.1 35.5
L-22 41 .7 41.3 34.7 36.7
V-15 61 .0 79.2 76 .9 98.2
V-1G 69 .0 93 .0 88.1 118.8
V-17 106.0 118.8 119.0 172.2

Baked varnish 88 .0 78.6 82 .5 95.6
Varnish enam el 61.4 58.2 62.5 81.6
Baked japan 77.4 66.4 66 .4 68 .8

It has been shown by Lowry and Kohman (2) that the 
quantity of water absorbed by rubber and paper from the 
atmosphere is approximately constant at various tempera
tures provided the relative humidity is held constant. I t  was 
assumed that the same relationship held true for paint films 
and a means was thereby afforded of separating the effect 
due to temperature changes from those due to changes in 
moisture of the film.

F ig u re  4—A p p a ra tu s  fo r  M e a s u r in g  A b ra s io n  R e s is ta n c e

It was thought that it would be of interest to correlate 
the values for abrasion with those for hardness of the films 
under the above conditions of humidity and temperature. 
The Pfund hardness tester (3) was the instrument used for 
measuring hardness and, as is customary, the load required 
to give a diameter of impression of 3 units (in this case 0.3 
mm.) on the vernier scale of the eyepiece was arbitrarily 
defined as hardness. The results are summarized in Table 
IX.

T a b le  IX — E ffect of M o is tu re  a n d  T e m p e ra tu re  o n  P f u n d  H a rd n e ss

o o 70° F. 90° F. 90° F.
(21.1° C.) (21.1° C.) (32.2° C.) (32.2° C.)

M a t e r ia l 41%  R. H. 65%  R. H . 41%  R. H. 90%  R . H.
G ./0.3 mm. G ./0.3 mm. G./0.3 mm. G ./0.3 mm.

L-17 1050 825 940 500
L-18 1185 850 1200 500
L-19 1000 900 900 500
V-15 500 380 200 2
V-16 285 235 80 10
V-17 150 40 20 4

Baked varnish 1500 1370 1360 900
Varnish enamel 425 265 235 12

The amberol lacquer series (L-20-L-22) showed cracking 
of the film when tested at the 70° F. and 41 per cent humidity 
condition and was therefore omitted.
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Inspection of Tables VIII and IX leads to some interest
ing observations on the behavior of the materials with change 
in temperature and moisture content of the films.

E f f e c t  o p  T e m p e r a t u r e — (a) The temperature coeffi
cient of abrasion is greater for the varnishes than for the 
lacquers. At 41 per cent relative humidity, a change from 
70° F. to 90° F. causes the varnishes to increase in abrasion 
resistance, while the lacquers, the japan, and the baked 
varnish decrease over the same range of temperature. The 
varnish enamel shows no temperature coefficient.

(6) All of the materials soften with increase in tempera
ture, the change being greatest in the case of the varnishes.

E f f e c t  o f  M o i s t u r e —(a) The abrasion values for the 
varnishes increase markedly with increase in moisture con
tent of the films, the change becoming more pronounced with 
increasing oil lengths. For example, the longest oil varnish 
tested, V-17, displays an increase in abrasion value of 45 
per cent at 32.2° C. (90° F.) over the range of humidities in
vestigated.

(6) The amberol lacquers show only a slight increase 
in abrasion resistance with increase in humidity, while the 
ester gum lacquers, the japan, and the baked varnish appear 
to pass through a minimum abrasion value in the neighbor
hood of 65 per cent relative humidity.

(c) The hardness for all the materials decreases definitely 
as the films take up moisture.

(d) The spread of hardness values for the varnishes is 
greater at the lower humidities, the values tending to converge 
as the films absorb moisture.

Precision of the Method

In general, the precision of the present test is governed 
uy the uniformity of the film and the accuracy with which 
its thickness can be measured. A series of 116 different 
abrasion determinations on various films of fairly good thick
ness uniformity gave, on omitting the thickness factor, 
(he following distribution of per cent deviations from the 
mean value:

N o .  o p  D b t n s .

40
24
28
16

2

D e v i a t i o n  L i m i t s

%
0 .0  to  0 .5  
0 .5  to  1 .0
1 .0  to  2 .0
2 .0  to  3 .0
3 .0  to  4 .0

The average per cent deviation of these determinations was
0.99.

To illustrate how the precision of the abrasion deter
minations depends on the smoothness of the film surface, 
a series of lacquers that exhibited an orange peel surface, 
when re-spun with a slow evaporating solvent to eliminate 
orange peel effect, gave the reduction of the average per cent 
deviation from the mean value from 6.2 to 0.6 per cent.

Investigation showed that the method of illumination—

i. e., whether from the rear or from the front—has very 
little effect upon the attainable precision. The choice of 
a relatively large bare area, 2 mm. in diameter, for the end 
point, rather than the first appearance of tiny pinholes was 
influenced by the fact that the larger area is more representa
tive of the film as a whole. The high order of precision 
which was obtained in the application of the test justifies 
this choice of end point. I t was found that the time differ
ence between the first pinhole and the end point selected, 
increased as the total time required for the test increased.

Discussion

The method of measuring abrasion resistance described 
in the present paper should provide a useful tool of high pre
cision in research on the formulation of paint materials. 
Since this method concerns itself primarily with cohesional 
characteristics of materials it may be used to study the in
fluence of composition on those qualities related to cohesion. 
A more definite interpretation of the fundamental signifi
cance of this test should be obtained in the study now under 
way in which it is sought to correlate abrasion and hardness 
with tensile strength and elongation.

The direct application of the test to paint films with a 
view to correlating the abrasion values as measured with 
service performance still requires considerable study, since 
abrading forces in service produce wear degradations in 
a variety of ways. A direct application of the test in the form 
described may be in the evaluation of the relative abrasion 
resistance of paint, lacquer, and varnish films when used 
in the airplane industry. No question of significance need 
arise in this application, since the air speeds in service and 
in the test are comparable and it has been shown that relative 
concentration of abrading particles is negligible when dis
tributed randomly. Quite likely, by a suitable choice 
of air pressures, particle sizes, and particle concentrations, 
other typical forms of wear action by forces of abrasion can 
be made to simulate service conditions, in that manner sim
plifying the problem of interpretation of the test for practical 
purposes.

As mentioned previously in this paper, the test is not 
restricted to the evaluation of abrasion resistance of paint 
materials. For instance, it has been found that various 
electroplated metals, chromium, zinc, and cadmium, gave a 
wide range of values for abrasion resistance with a high degree 
of duplicability. I t  seems likely that this method may serve 
as an effective means of investigation of the wearing quality 
of electrodeposits.
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Alcohol Replacing Gasoline in Brazil—Among the methods 
used in Brazil to encourage the use of alcohol motor fuel instead 
of gasoline is a 50 per cent reduction in tariff fines in the City of 
Maeeio to motorists using the fuel, according to a statement by 
the Department of Commerce.

The alcohol fuel is a domestic Brazilian product made from 
sugar waste and is being marketed in competition with imported 
gasoline, a considerable part of which comes from the United 
States. The retail price of gasoline during the third quarter of 
the year in Rio de Janeiro ranged from 40 to 45 cents, according 
to the department.

In the Pernambuco area of Brazil gasoline sales have been

greatly reduced in recent months and importations have corre
spondingly decreased. United States exports of gasoline to 
Brazil during the first nine months of 1930 exceeded 1,000,000 
barrels, which was nearly equal the amount of the corresponding 
period of 1929. Exports during the month of October, however, 
were slightly more than 14,000 barrels as compared with more 
than 120,000 barrels in the same month of a year ago.

Whether alcohol motor fuel will be able to maintain itself as a 
satisfactory substitute for gasoline cannot be settled until the 
public has learned its effect on motors and carburetors, whether 
it is more economical and whether it develops satisfactory 
power.
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T he Iodide M ethod for Copper1
Bartholow Park

M i c h i g a n  C o l l e g e  o f  M i n i n g  a n d  T e c h n o l o g y ,  H o u g h t o n , M i c h .

In the presence of m uch arsenic the usual iodide method  
for copper gives high results. By increasing the pH of 
the solution during the titration the action of arsenic acid 
on potassium  iodide is retarded, but so is the action of 
copper. M aximum pH values at which cupric ion is 
com pletely reduced by iodide ion have been determined. 
These pH values vary w ith different acids because of the 
formation of insoluble or slightly ionized compounds of 
copper. The m aximum  pH value at which arsenic acid 
liberates iodine from potassium  iodide solutions has been 
determined.

General equations for the calculation of the electrode 
potentials of solutions of arsenic and arsenious acids and 
of solutions of iodine and iodide have been developed.

A COMPREHENSIVE survey of the literature per
taining to the iodide method for copper disclosed the 
following facts:

When a solution of cupric ion is treated with an excess of 
potassium iodide, the following reaction takes place:

2Cu++ +  41- =  2CuI +  I2

The liberated iodine may be reduced to iodide ion by the 
action of standard sodium thiosulfate solution and the quan
tity of copper calculated, providing that the reaction pro
ceeds quantitatively to the right, no other substance which 
oxidizes iodide ion to iodine is present, and no substance 
which reduces free iodine to iodide ion is present.

Ferric iron will liberate iodine, and, as it is almost always 
present in copper ores, provision must be made for removing 
it or rendering it inactive. In Low’s iodide method (14) 
iron is separated from copper by means of aluminum. In 
Mott’s short iodide method (15) it is changed to ferric fluoride, 
which has no effect on potassium iodide on account of the 
very slight dissociation of this substance.

Arsenic in its trivalent form reduces free iodine, and in 
strongly acid solutions pentavalent arsenic liberates iodine 
from potassium iodide. No provision for removing arsenic 
is made in either of the above methods. Low in his method 
states that arsenic is without effect.

The following questions were selected for more detailed 
study:

(1) Under what conditions do arsenic and antimony liberate 
iodine from iodides?

(2) What hydrogen-ion concentration is best for the reaction 
between cupric ion and iodide ion, and how may this optimum 
concentration be obtained?

(3) Is it necessary to remove iron, and if not what is the 
best method for preventing its action on iodides?

Effect of Arsenic on Iodide Method for Copper

Experiments were made to find out whether or not arsenic 
affects either Low’s or Mott’s method. The results are given 
in Table I. In each case 50 cc. of copper sulfate solution 
containing 0.2 gram of copper were carefully measured with 
a pipet, and acetic acid and ammonium bifluoride were added 
in the proportions noted. To some of the samples arsenic

1 Received Septem ber 12, 1930. A thesis subm itted  for the  degree of 
m aster of science in  chem istry a t  the  M ichigan College of M ining and 
Technology.

The theoretical maximum pH value at which arsenic acid 
liberates iodine from potassium  iodide solution has been 
calculated and shown to agree substantially with the 
value obtained by experiment.

A solution containing copper, arsenic acid, and potas
sium  biphthalatc may be adjusted to a pH value at which  
all of the copper but none of the arsenic will react with  
iodide.

The action of ferric iron on potassium  iodide may be 
completely suppressed, in the absence of manganese, by 
the addition of am m onium  bifluoride.

A very short and accurate method for determining 
copper in ores, slags, m attes, etc., has been developed 
from the above considerations.

acid solution was added. Then 3 grams of potassium iodide 
were put into each, and the liberated iodine titrated with 
standard thiosulfate solution. Each result is the mean of 
two or more titrations. Evidently pentavalent arsenic does 
have an effect upon either the long or the short iodide method. 
In the last two experiments the blue color returned within 
2 or 3 minutes after the end point had been reached.

T a b le  I— E ffec t o f A rsen ic  o n  L ow ’s a n d  M o t t ’s M e th o d
16 N A m m o n i u m

C o p p e r A c e t i c B i - P o t a s s i u m C o p p e r
T a k e n A c i d f l u o r i d e  I o d i d e A r s e n i c F o u n d

Grant Cc. Grams Grams Gram Gram
0.2000 10 3 0.2000
0.2000 5 3 0.2000
0.2000 5 3 ô.’ i 0.2010
0.2000 5 3 0 .2 0.2015
0.2000 2 2 3 0 .2 0.2015

More detailed information than could be found in the 
literature (1, 8, 6-8, 11, 12, 16-22) was desired on the reac
tion between arsenic acid'and iodide ion and a series of ex
periments to determine the extent of this reaction at various 
hydrogen-ion concentrations was undertaken.

Solutions containing a constant amount of arsenic acid 
at different hydrogen-ion concentrations were prepared. A 
measured quantity of potassium iodide solution was added 
to each, and at the end of 5 minutes the liberated iodine was 
determined by titration with dilute thiosulfate. The re
sults are given in Table II and Figure 1.
T a b le  I I— R e a c tio n  b e tw ee n  A rsen ic  A d d  a n d  Io d id e  Io n  a t  V a rio u s  

p H  C o n c e n tr a t io n s
A r s e n i c p H  o f A r s e n i c
T a k e n S o l u t i o n T h i o s u l f a t e R e d u c e d

Gram Cc. %
0.0230 2.51 1.55 0.219
0.0230 2.61 1.30 0.184
0.0230 • 2 .85 1.14 0.161
0.0230 2.93 1.01 0 .143
0.0230 3.12 0 .9 0 0.127
0.0230 3 .33 0 .70 0.099
0.0230 3.64 0 .50 0.072
0.0230 4 .77 None N one

In all of the titrations 10 cc. of arsenic acid in potassium 
biphthalate buffer solution were treated with 3 cc. of po
tassium iodide solution containing 2 grams of potassium 
iodide. After 5 minutes 1 cc. of starch solution was added, 
and the liberated iodine titrated with dilute thiosulfate solu
tion, 1 cc. of which was equivalent to 0.00003 gram of ar
senic. The duration of the titration was 1 minute. By 
means of the quinhydrone electrode the hydrogen-ion con
centration was determined on another portion of each arsenic-
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phthalate solution before the addition of potassium iodide.
Another set of solutions was prepared in which phosphate 

buffers were substituted for phthalate solutions. These were 
titrated as before, and the curve obtained from plotting the 
results was practically the same as that given in Figure 1.

The reaction may be written

HjAsOi +  2HI = I-IjAsOa +  I, +  HaO

or, assuming the existence of the triiodide ion

H,AsO, +  3HI = HjAsOj +  HI, +  H20

In addition to the hydrogen-ion concentration, the iodine 
and iodide concentrations, the temperature, and the time 
all affect the amount of iodine liberated by a given weight 
of arsenic. Table II and Figure 1 show only the trend. It 
should be noted that under the usual conditions of acidity 
prevailing in the final solution when copper is being deter
mined by the iodide method, any arsenic present will not 
start to react until most of the iodine has been titrated.

Oxidation-Reduction Potentials of Arsenic-Arsenious 
Solutions

The reaction of arsenic acid acting as an oxidizing agent 
or of arsenious acid acting as a reducing agent may be for
mulated thus:

HAsO« +  2« +  4H+ H3As03 +  H20

The ionization constants for the third step in the ionization 
of arsenic acid and for the first step in the ionization of ar
senious acid are practically the same (2, 5, 9, 24, 25) and 
therefore they need not be considered in the treatment 
which follows.

The equilibrium state may be formulated thus:
(HAsO«“ ) (eY (H +)* 

(H3As03) = K (1)

from which

V K  (H3ASO3) 
(H+)‘ (HAsO« )

substitution of this value of (e) in the general electrode 
equation (4)

R T , , . R T , . s
E =  - y i n  (em)  y  lrl («•) (2)

imvhich (en) and (e.) represent the electron concentrations 
in the metallic electrode and the solution gives:

E = ~ y  In (O RT In V< K{  H,As03) (3)

(4)
F ig u re  1—L ib e r a t io n  o f Io d in e  a t  V a rio u s  p H  C o n c e n tr a t io n s

As the titration is usually performed rather rapidly, any 
arsenic present will not have a chance to react with iodide 
ion for a long enough time to reach equilibrium. A reac
tion period of 5 minutes was arbitrarily chosen for the ex
periments listed in Table II. This period was thought to 
represent the usual length of time during which arsenic would 
have a chance to react while a titration was being performed. 
The concentration of potassium iodide in all of these experi
ments with arsenic was greater than it would ordinarily be 
in a copper titration. Nevertheless, it appears that at the 
usual acidities and concentrations occurring in the iodide 
method, arsenic, if present, is a distinct menace to the ac
curacy of the copper determination.

Similar buffer solutions were prepared from antimony, 
and the results of titration were plotted as before. The 
curve obtained was practically the same as that given for 
arsenic in Figure 1.

Another series of experiments was carried out in the follow
ing manner: Ten cubic centimeters of arsenious acid solu
tion containing sodium carbonate, potassium biphthalate, 
and a little starch were treated with a solution of iodine in 
potassium iodide until the blue starch-iodine color just ap
peared. One drop of arsenious acid solution was added, 
which discharged the color. Dilute sulfuric acid was added 
1 cc. at a time to the colorless solutions and pH determined 
after each addition until the blue color reappeared. Dupli
cate determinations gave pH 3.65 and pH 3.50 as the points 
at which the blue first became apparent.

These experimental results are in substantial agreement 
with the results predicted theoretically by the oxidation- 
reduction potentials of the iodine-iodide and the arsenic- 
arsenious couples, as is shown below.

F “  \  (H+)1 (HAsO1—) 

Rearrangement and combination of constants gives 

^ „ , 2 R T , /TTJ_,, R T , (HjAsOj)E = C + - y -  In (H ) — In (HAs0<- j

It is convenient to have the expression in terms of the 
total concentrations of arsenic and arsenious acid present 
instead of in terms of the ion concentrations. In solution the 
total reductant, Sr, may be assumed to equal the concentra
tion of arsenious acid, and the total oxidant, So, may be 
assumed to be given by the sum of the concentrations of the 
various ions and unionized substances containing pentavalent 
arsenic.

So =  (HAsOi—) +  (H2AsO,-) +  (HjAsO,) (5)

The equilibrium equations for the first and second steps 
in the ionization of arsenic acid are

(HjAsOj") (H +) 
(H,AsO«) 

(HAsO« ) (H+) 
(HjAsO«-)

=  Kox 

= Kot
(6)

Substitution of values obtained from these equations in 
Equation 5 gives

So =  (HAsO,—) +  

from which

(HAsO«—)

(HAsO«—) (H+) (HAsO«—) (H +)‘ . . 
Ko» ^  Ko, Koi K >

So Ko\ Kot
Koi Koi +  Ko, (H+) +  (H+)s

Substitution of this value of (HAsO« ) and of Sr for 
(HîAsO,) in Equation 4 gives
„  .  , 2 R T ,  R T ,  Sr R T ,E =  C +  —  In (H+)  y  In  y  In

Koi Ko, +  Koi (H+) +  (H+)2
Ko 1 Ko, (8 )



January 15, 1931 

RTAt 25° C. —  In is equal to

1.9885 X 298 X 2.3026 
23074

(HAsO«—) (I~)a (H +)<
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log =  0.059 log

Koi is about 5 X 10-3 (S3) and Ko2 is about 4 X 10-5 (2) 
depending upon the concentration of the arsenic acid.

Substituting these values in Equation 8 and remembering 
that — log (H+) = pH we get

E =  C — 0.118 pH -  0.0295 log -  0.0295 logO0
2 X 10“7 +  4 X 10"' (H+) +  (H+)J 

2 X 10~7 (9)

Equation 9 is the general equation for the electrode po
tential, E, of any solution containing arsenic and arsenious 
acids.

Washburn and Strachan (23) found that, when the activities 
of arsenic acid, arsenious acid, and hydrogen ion are all equal 
to unity, E  equals 0.574 volt. Substitution of these values 
in Equation 9 gives

0.574 = C -  0.197 or C =  0.771 

The complete general equation is therefore

E =  0.771 -  0.118 pH -  0.0295 log j£  -  0.0295 log 
2 X 10“7 +  4 X 10-5 (H+) +  (H+)s 

2 X 10~7

(10)

(11)

(HAsOi ) ( I - ) 3 (H +)‘ 
(HäAsOj) (I,")

(HsAsO,) ( I~ )3 (H +) 2 
(H jAsOj) (1,7)

(13)

(I") (I.) 
(I,")

= K  =  1.3 X 10-

or

(I,-) = (I-) ft)
1.3 X 10“3

Substitution of these values in Equation 13 gives
(HaAsO«) (I-)»  (H+)* 

(H3AsOj) (I,)
= 42.6

(14)

(15)

(HAsO< ) (H+)s 
2.25 X 10“7(HsAsOj)

Substitution of this value in Equation 15 gives

(H3A s03) (I,)
= 9.6 X 10-* (16)

The general electrode equation for the arsenic-arsenious 
couple, Equation 3, may be put in the following form:

Ea. =  C +  0.0295 log (HAsO* ) (H +)‘ 
(HjAsO,)

The equation for the iodine-iodide couple, as will be shown 
later, is

( I - ) ;
(I*)

Ei = 0.6211 -  0.0295 log 

At equilibrium Ex. = E\ and

C +  0.0295 log (HA(h^\sO,)'"""~ = 0,6211 “  °'°295 log (I ^

0.6211 -  C =  0.0295 log (HAs° ‘~~) (I~)2 (H+)<
(H jAs0 3) ( I j )

= 0.0295 log 9.6 X 10“'

from which C = 0.769 
Table III contains values of E  calculated from Equation

11 at different hydrogen-ion concentrations when ^  has
the values given in columns 2, 3, and 4, respectively.

T a b le  III- -C a lc u la te d  V a lu es  of E  u n d e r  D iffe ren t C o n d itio n s
1

which may be used to calculate the potential of any mixture 
of arsenic and arsenious acids at any hydrogen-ion concen
tration. An alternate method of calculating the value of 
C follows.

When equilibrium is reached in the reaction between arsenic 
acid and iodide, the equation may be written

HAsOi +  31- +  4H+ ;=± H3AsO, +  I j -  +  H20  

and the following relationship holds

= K  (12)

This may be combined with Equation 6 to give

K 1

pH E È - 1 So  1000
E  Sr  -So  10,

0 0.574 0.663 0.692
0 .5 0.544 0.633 0.662
1 .0 0.515 0.603 0.633
1 .5 0 .485 0.573 0.603
2 .0 0.456 0.544 0.574
2 .5 0.425 0.514 0.543
3 .0 0.394 0.482 0.512
3 .5 0.353 0.441 0.471
4 .0 0.298 0.387 0.416
4 .5 0.241 0.330 0.359
5 .0 0.181 0.270 0.299
6 .0 0.062 0.151 0.180

Oxldation-Reduction Potentials of Iodine-iodide Solutions

The reduction of triiodide ion to iodide ion may be formu
lated

I ,-  +  2e — 31- 

The equilibrium state may be formulated thus 
(I r )  (e)'

Washburn and Strachan calculated the value of K 1 from 
seven equilibrium experiments and found an average at 
25° C. of 5.54 X 10~!. They also found that in the follow
ing equilibrium K  has a value of 1.3 X 10-3 at 25° C.

(I -)3
= K

or

« -V (I - ) 3 K  
(I,-)

(17)

Substitution of this value of (e) in the general electrode equa
tion (2) gives

E =  C -  0.059 log (I - ) 3 K  
(la- )

(18)

The average value of Koi in Washburn and Strachan’s ex
periments was 5.6 X 10-3. When this value and that of 
Koi given previously are substituted in Equation 6,

from which, by rearranging and combining constants,
E =  C  -  0.0885 log (I-) +0.0295 log (I,-) (19)

The equilibrium between free iodine, iodide ion, and triiodide 
ion may be formulated thus

(I») (X-) 
dr) = K (20)

Substituting the value of (la- ) obtained from this equation 
in the electrode equation (19) and combining terms,

E =  C' — 0.059 log (I-) +  0.0295 log (I,) (21)
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This is the equation relating E  with the activities of iodide 
ion and iodine in any solution. Jones and Kaplan (10) 
have found that, when the iodide ion has unit activity and 
the iodine concentration (I2) is a constant and equal to the 
solubility (0.00132 molar at 25° C.), the normal potential 
e„ is 0.5362 against the hydrogen electrode. The following 
equation represents their findings for the saturated I? electrode:

E  =  0.5362 -  0.059 log (I~) (22)

Ï*

O !  2  3 4  S  G 7  e  3

E
F ig u re  2—V alu es  of E  u n d e r  V ario u s  C o n d itio n s

When the activity of the iodide ion is unity and the solution 
has an iodine concentration of 1.32 X 10 ~3 gram-mols per 
liter, the general equation (21), derived above, takes the 
following form, assuming that the activity coefficient of the 
free iodine is one:

E = C" +  0.0295 log 1.32 X 10~3 =  0.5362 (23)

from which C" = 0.6211. The following equation represents 
the relationship between E and the activities of both iodide 
ion and iodine:

E = 0.6211 -  0.059 log (I") +  0.0295 log (I,) (24)

Values of E for several concentrations of iodide and iodine 
have been calculated in the following manner: Taking for 
the concentration of free iodine the smallest amount de
tectable with starch—i. e., 2.5 X 10~6 gram-mols per liter 
(13)— and again assuming that its activity coefficient is one, 
the equation becomes

E = 0.6211 -  0.059 log (I~) +  0.0295 log 2.5 X 10 “5

or

E = 0.4S51 -  0.059 log (I~) (25)

When a solution contains 3 grams of potassium iodide in 
50 cc., it is 0.362 normal. Using Jones and Kaplan’s con
stants and Bronstcd’s equation to solve for the activity 
coefficient, /, gives

log/  = -0.373 V 0.362 +  0.125 X 0.362 =  -0.1789 (26)

from which /  = 0.66.
The E  value of a solution 0.362 normal with respect to 

potassium iodide and containing just enough free iodine to 
give a viable color with starch is given by the following 
equation:

E =  0.4851 -  0.059 log 0.362 -  0.059 log 0.66 (27)

from which E — 0.522 volts. Similarly the E value of a 
solution containing 2 grams of potassium iodide in 15 cc. 
is E  = 0.5045.

These values do not change with changes in the hydrogen- 
ion concentration. In Figure 2 are plotted the results tabu
lated in Table III, together with the oxidation-reduction 
curves, in this case straight lines, for the iodine-iodide solu
tions mentioned above.

When conditions are such that a point on the curve for 
arsenic lies to the right of the curve for iodine, there is a 
tendency for free iodine to be liberated. At pH 2.85 a solu
tion which is 0.36 normal with respect to potassium iodide 
is in equilibrium with a solution which contains practically 
all of its arsenic in the pentavalent state only when there 
is a detectable quantity of free iodine in the solution. When 
stronger solutions of potassium iodide are present, the pH 
at equilibrium must be correspondingly greater.

I t  seems advisable, therefore, from a theoretical stand
point to keep the pH of the solution at 3.5 or above during 
the titration of copper when arsenic is present in order to 
prevent the liberation of iodine by arsenic.

Effect of Hydrogen-Ion Concentration on Reaction between 
Cupric Ion and Iodide Ion

A series of titrations was carried out to determine the 
effect of ammonium acetate on the reaction between cupric 
ion and iodide ion. The results are given in Table IV.

T a b le  IV— E ffec t o f A m m o n iu m  A c e ta te  o n  R e a c tio n

C o p p e r

16 N  
A c e t i c

15 N  
A m m o n i u m P o t a s s i u m C o p p e r

T a k e n A c i d H y d r o x i d e I o d i d e F o u n d

Gram Cc. Cc. Grams Gram
0 .2 0 0 0 3 0 .2 0 0 0
0 .2 0 0 0 *5 T 3 0 .2 0 0 3
0 .2 0 0 0 5 2 3 0 .2 0 0 3
0 .2 0 0 0 5 3 3 0 .2 0 0 0  slow
0 .2 0 0 0 10 5 3 0 .1 9 9 5  v e ry  slow

In the fourth titration the end point was slow in appear
ing. The blue color would reappear after having been dis
charged. The same difficulty was experienced to a much 
greater extent in the fifth titration, the time required for 
this titration being about 20 minutes. This behavior w'as 
due to the decreased speed of reaction between cupric ion 
and iodide ion which in turn was probably caused by the 
lower hvdrogen-ion concentration and the decrease in ac
tivity of the cupric ion, both of which were brought about 
by the large amount of acetate ion present. The results 
show that although a small amount of ammonium acetate 
does no harm, large amounts should be avoided.

I t was next decided to determine whether or not copper 
could be titrated at a low enough hydrogen-ion concentra
tion to preclude the effects due to arsenic. Buffer solutions 
containing copper at constant concentration, salts at con
stant concentration, and varying hydrogen-ion concentra
tion, were prepared and after addition of potassium iodide, 
were titrated. The results are given in Table V and Figure 3.

T a b le  V— T i t r a t io n  of C o p p er in  V a rio u s  B uffer S o lu t io n s
T a r t r a t e C it r a t e P h o sph a t e Ac e ta te P h t h a l a t e

p H % C u pH %  C u pH % C u pH %  C u pH %  C u
2 . OS 100 2 .1 4 100 3 .2 1 100 4 .2 7 100 5 .5 0 100
2 .3 6 100 2 .4 4 100 3 .6 4 100 4 .4 5 100 5 .7 0 100
2 .5 1 79a 2 .8 1 9S .3« 3 .8 0 90« 4 .6 3 9 9 .4 5 .8 3 9 8 .0
2 .6 4 71o 2 .9 6 9 6 .5 ° 3 .8 4 S9« 4 .7 1 9 4 .8 5 .9 6 9 6 .0
2 .8 6 6 0 a 3 .1 5 9 3 .4 « 3 .7 4 79« 4 .7 8 9 2 .1 6 .2 4 9 1 .5
3 .1 6 5 0 a 3 .3 3 8 5 .6 « 4 .9 5 8 5 .1 6 .2 3 8 7 .0 °
3 .4 7 34« 3 .5 2 7 0 .8 ° 5 .1 5 7 9 .0 « 6 .2 S 8 3 .0 «

3 .7 3 57 . 8« 5 .1 5 6 6 .0 « 6 .3 2 7 7 .5 «
3 .9 6 4 5 .6 ° 5 .1 5 6 3 .0 « 6 .3 4 7 3 .1 «
4 .4 8 2 0 .5 ° 6 .4 5 6 5 .9 «

6 .7 6 3 9 .0 «
a Precipitates.

Each of the solutions listed in Table V was 0.0375 molar
in acid concentration and 0.015733 molar in copper sulfate. 
The same technic was employed in mixing the various solu
tions. After mixing, the pH was determined on a portion 
of the solution by means of the quinhydrone electrode. In
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a large number of the solutions, precipitates formed and the 
low percentage of copper found by titration was due at least 
partially to them. At first attempts were made to titrate 
the copper in the precipitates by allowing them plenty of 
time to dissolve after the titration had been started. This 
plan was changed later to the less representative but more 
practical plan of allowing the precipitates to settle and pipet
ting off the clear liquid for titration. The latter method 
gives practically the same results on account of the very 
slow solubility of the precipitates. Five cubic centimeters 
of the clear solution were pipetted off into a small beaker. 
Two cubic centimeters of potassium iodide solution, con
taining 1 gram of potassium iodide, were added and the 
solution was titrated with dilute thiosulfate solution in the 
usual manner. The per cent of copper titrated under these 
conditions was calculated and plotted against the pH of 
the solution.

From an inspection of Figure 3 it appears that the amount 
of copper which enters into reaction w'ith potassium iodide 
depends upon the nature of the acid present as well as upon 
the hydrogen-ion concentration. This is due in some cases, 
noted above, to the formation of insoluble copper salts, but 
in those cases where no precipitates appeared the explana
tion is not so apparent. The assumption of the formation 
of unionized or slightly ionized copper compounds is one 
way out of the difficulty. This also accounts for the effect 
of ammonium acetate in the usual method. (As the amount 
of acetate ion increases, the amount of undissociated cupric 
acetate increases and the amount of cupric ion decreases, 
thereby slowing up the reaction between cupric ion and 
potassium iodide.)

From an inspection of Table V and Figure 3 it is apparent 
that phthalic acid is better than acetic for the iodide de
termination when arsenic is present.

Fluoride-Phthalate-Iodlde Method for Copper

A method for the determination of copper in ores, mattes, 
slags, etc.^containing arsenic or antimony, has been de
veloped injwhich potassium biphthalate is used to buffer 
the solution. Ammonium bifluoride is added to inhibit the 
reaction between ferric iron and iodide. That it really has 
such an effect is shown by the results of several titrations 
given in Table VI.

T a b le  VI— E ffec t of I ro n  in  P re se n ce  of F lu o r id e

some other method must be employed, in which case 10 cc. 
of bromine water should be added with the 30 cc. of water 
above to assure complete oxidation of arsenic and antimony, 
and the boiling continued until all of the free bromine has 
been expelled. When a mixture containing pentavalent ar
senic or antimony and free sulfur is taken to fumes of sulfuric 
acid, the sulfur acts in much the same manner as organic 
matter would and reduces the arsenic and antimony to the 
trivalent state.

Addition of potassium biphthalate to the approximately 
neutral solution fixes the pH at about 4. Here copper will 
react with potassium iodide but pentavalent arsenic and anti
mony will not.

/
c .

s
i —--

A •  Tartaric Acid 
3  ■ C itr ic  Acid

Per C en t C opper R e d u c e d  
C  *  Phosphoric\ Acid E •  Ph tha/ie f i e ld
D r A e e r ie  A cid

F ig u re  3 —T i t r a t i o n  o f C o p p e r  in  V a rio u s  B uffer S o lu t io n s

In the presence of large amounts of iron or aluminum more 
ammonium bifluoride must be added. Aluminum forms 
an insoluble fluoride which, when present in large amounts, 
occludes some copper and slows up the titration. Approxi
mately 1 gram of ammonium bifluoride should be added for 
each 0.1 gram of iron or aluminum, but the accuracy of the 
method decreases as the amount of iron increases. A quick 
return of the blue color may be due to insufficient ammonium 
bifluoride.

T a b le  V II— E ffec t o f I m p u r i t ie s  o n  M e th o d
I m p u r it y

Gram

p H  a t  E . P . C o p p e r  F o u nd  
ir o n

Gram

16 N 0.1 4.3 0.1998
C o p p e r A m m oniu m A c e tic C o p p e r 0 .1 4.0 0.2001
T a k e n I ron B if i .u o r id e A cid F o u nd 0.1 4.1 0.2001

Gram Gram Grams Cc. Gram a r s e n ic

0.2000 0.02 1 6 0.2000
0.2000 0.10 1 5 0.2000 A s
0.2000 0.20 2 5 0.1999 0 1 4 .3 0.19970.2000 0.30 2 5 0.2002 o ! i 3 .9 0.2002

Treat a suitable sample of ore, slag, etc., with nitric acid 
until all copper is in solution. Boil down to about 5 cc., 
add 30 cc. lot water, and boil to assure complete solution of 
soluble matter and also to expel oxides of nitrogen. Filter 
and wash the residue well with hot dilute nitric acid. If 
the residue is small in amount or light-colored, filtration 
may be omitted. Concentrate the solution by boiling to 
about 30 cc., cool, add ammonium hydroxide until the iron 
is all precipitated and the solution smells faintly of ammonia. 
Avoid adding an excess. Add 2 grams, weighed, of am
monium bifluoride, shake, add 1 gram, weighed, of potassium 
biphthalate, shake, add 3 grams, weighed, of potassium iodide, 
shake.'^Titrate at once with thiosulfate, approaching the 
end point slowly. When near the end point, add sufficient 
starch solution. After the blue color has been completely 
discharged, it should not return within 30 minutes at least.

If the copper is not all taken into solution by nitric acid,

F e
o.i
0.2
0. 2
o.i

o.i o.i o. 1
0.1
0. 2

IR O N  A N D  A R S E N IC  T O G E T H E R

As
0 .1  4 .1 0
0 .2
0 .4
0.1

3 .8 2
3 .9 5
3 .9 0

M A N G A N E S E  A L O N E  A N D  W IT H  IR O N  

M n 
0.10.1 0.1 
0 . 1 
0 . 1 0.1 
0 . 1 
0.01 
0 . 1

4 .1 6
4 .1 0  
4 .51
4 .1 0
4 .1 0  
4 .1 3  
4 .0 6
4 .1 0  
4 .5 0

0.2002
0.2000
0.2002
0.2000

0 .2 0 0 7
0.2000
0 .1 9 9 3
0.2000
0.2020
0.2020
0 .2021
0 .2 0 0 7
0 .2 0 6 0

An excess of ammonium hydroxide should be avoided, 
as it lowers the hydrogen-ion concentration and decreases 
the rate of reaction between copper and potassium iodide. 
A quick return of the blue color after it has been completely 
discharged may be due to insufficient acidity.
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Oxides of nitrogen and free bromine, if present in the 
solution when potassium iodide is added, will cause results 
to run high and may cause a return of the blue after the end 
point has been reached.

The precipitate of ferric hydroxide should dissolve com
pletely when shaken with ammonium bifluoride. If it does 
not, either too much ammonium hydroxide or too little 
ammonium bifluoride was added.

The results given in Table VII were obtained by treating 
a copper sulfate solution of 0.2 gram of copper containing 
the indicated impurities by the above method. The pH 
values of the solutions at the end point were determined by 
means of the quinhydrone electrode.

From an inspection of the results given in Table VII it is 
apparent that neither iron nor arsenic affect the copper 
value, as determined by this method, except in the presence 
of manganese. Manganese probably acts as catalyst for 
the reaction between ferric iron and iodide and speeds it 
up to such an extent that the fluoride present is not capable 
of completely preventing it. Fortunately manganese is not 
a common impurity in copper ores. When it is present, 
iron must be removed before the addition of ammonium 
hydroxide by one of the well-known methods.
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Potentiom etrie  D eterm ination of A cidity in 
Insulating Oils1
R. N. Evans and J. E. Davenport

R e s e a r c h  B u r e a u ,  B r o o k l y n  E d i s o n  C o m p a n y ,  I n c . ,  B r o o k l y n ,  N. V .

IN THE past the deter
mination of acidity in 
oils has been accom

plished generally by a proce
dure similar to that outlined 
in the A. S. T. M. Tentative 
Standards 1929, page 397.
Recently Seitz and McKinney
(5) described a quinhydrone- 
potentiometric method em
ploying amyl alcohol as a 
solvent, lithium chloride as 
the conducting salt, and a 
boundary of agar-agar con
taining lithium chloride to separate the reference electrode 
from the solution under investigation. Later, Seitz and Silver
man (6) eliminated the agar-agar boundary and substituted 
the silver-silver chloride electrode as the reference electrode. 
A comprehensive survey of the past work on potentiometric 
titration may be had by reference to a paper by Furman (£).

The following paper deals with the comparison of the elec
trometric method and several other procedures, employing 
indicators in which known acids were dissolved in a trans
former oil. Many factors influencing the electrometric 
titration have also been experimentally studied.

Apparatus

The diagrammatic arrangement of the electrometric ap
paratus may be obtained by reference to the previously 
mentioned paper by Seitz and McKinney. The potentiome
ter was a Biddle high resistance instrument, accurate to 
0.1 millivolt, used with an external galvanometer. The

1 Received Septem ber 4, 1930.

buret was 5 cc. in capacity 
and graduated to 0.02 cc. and 
was permanently connected 
to the source of alkali. All 
precaution was taken to ex
clude carbon dioxide. The 
solution was stirred with com
pressed tank nitrogen except 
when a volatile acid was ti
trated. In this case, the 
solution was stirred mechani
cally, or approximately nine- 
tenths of the alkali was added 
and the remainder of the ti

tration carried out with nitrogen stirring. When using the 
agar-agar boundary, the reference solution was n-butyl alcohol 
saturated with respect to potassium chloride and benzoic acid. 
The solvent was n-butyl alcohol saturated with potassium 
chloride. The alkali was 0.05 N  and was standardized poten- 
tiometrically against B. S. benzoic acid. I t was prepared by 
dissolving c. p . stick potassium hydroxide in n-butyl alcohol 
and the insoluble carbonate removed by filtration. The 
quinhydrone was crystallized from n-butyl alcohol and melted 
sharply at 170° C.

Experiments

Ivnowm acids were dissolved in oil with subsequent deter
mination of neutralization number in order to compare the 
results obtained employing four different procedures—namely, 
A. S. T. M. using methyl alcohol as a solvent, A. S. T. M. using 
ethyl alcohol as a solvent, alkali blue, and electrometric. 
The latter method was carried out with the two previously 
described reference electrodes (5, 6). The concentration

The estim ation of acidity in  oils employing the alkali 
blue procedure has been found to give more satisfactory 
results than the A. S. T. M. procedure. In the latter 
m ethod, m ethyl alcohol should not be substituted for 
ethyl alcohol.

Electrometric titrations have been carried out on 
type organic acids successfully.

The silver-silver chloride electrode can be used 
satisfactorily in  routine determ ination of acidity. 
The m ost im portant disadvantage of the electro
m etric procedure is the tim e required. It is recom
mended that a preliminary approximate titration be 
carried out.
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of acids was chosen at random and in the case of the higher 
concentration of stearic acid in oil, a supersaturated solution 
was obtained. On long standing, stearic acid crystals sepa
rated and a more dilute solution was prepared. In each 
procedure, except the electrometric, the blank on the solvent 
was obtained by titration to a definite shade, and the solvent 
then added to the oil sample, whereupon the titration was 
carried out as near as possible to the same shade. In the 
case of the A. S. T. M. procedure using methyl alcohol, the 
point was difficult to obtain. A faint pink color is soon

Cc. of Alkali 
F ig u re  1—E le c t ro m e tr ic  T i t r a t io n  

I ,  Stearic acid ; I I ,  Abietic acid

obtained in the alcohol-water phase which does not appear 
to increase in depth until the end point recorded in the table 
was reached. Since the color change should be observed in 
the alcohol-water phase, care should be taken to allow the 
phases to separate even though working with an almost 
colorless oil. Table I is a tabulation of neutralization 
numbers obtained by titrating oil samples employing different 
methods.

T a b le  I—N e u tra l iz a t io n  N u m b e rs  o f A cids D isso lved  in  
T r a n s fo r m e r  O il

N a p h t h e n i c  
S t e a r i c  S t e a r i c  C y c l o h e x a n e  R o s i n

B e n z o i c  A c e t i c  

2 .2 3  0 .50

(I)

0 .26

(II)
0 .64

C a r b o x y l i c  T e c h n i c a l

2 .1 4  0 .99  0 .92

2 .2 9  0 .52  0 .3 7  0 .91

2 .29  0.51

0.47

2 .31  0 .49

0 .42

0.42

1.00

0.99

2 .1 5

2 .18

2.17

1.03 0 .97

1.02 0 .97

1 .05  1.11

M e t h o d  

CHsOH, 50 cc.
H jO , 50 cc.
Phenolphthalein 

(1% ), 1 cc.
C jH tO H , 50 cc.
HsO, 50 cc.
P henolphthalein ,

1 cc.
C H jOH, 75 cc.
Benzene, 75 cc.
Alkali blue, 2cc.
W ater, 100 cc.
Phenolphthalein ,

1 cc.
Electrometric®
»-B utyl, 125 cc.
Sa tu ra ted  KC1 
Q uinhydrone,

0.05 gram
° Oil samples were ra th e r concentrated . Experim ents have been car

ried ou t whereby neutralization  num ber was lowered to  0.1 by  addition of 
neu tra l oil. T o ta l oil sam ple then  weighed 20 grams.

As may be seen from the table, serious differences may 
arise when such acids as stearic or abietic are present. In 
calculating the neutralization numbers, the strength of 
alkali was determined by titrating a weighed amount of 
benzoic acid using the four different methods when no oil 
was present. Table II contains the results of titrating stearic 
acid when no oil was present. Thus 0.005 gram of stearic 
acid was contained in one gram of oil sample (stearic acid

II). A much larger amount was titrated in the absence of 
the oil and in Table II the number of the milligrams of potas
sium hydroxide equivalent to the 0.005 gram of stearic acid was 
calculated by proportion.

T a b le  I I —T i t r a t io n  o f S te a r ic  A cid  in  A bsen ce  o f O il
P o t a s s i u m  H y d r o x i d e  
E q u i v a l e n t  t o  0.005 

M e t h o d  G r a m  S t e a r i c  A c i d

Mg.
C H jO H  and HsO 0 .95
CiHsOH and  HjO 0 .95
CH jO H  and benzene 0 .99
Electrom etric  1.00

The discrepancies encountered with an acid of_the stearic 
acid type practically disappear when the oil is absent. The 
difficulty is probably connected with the fact that two phases 
are present during the titration.

The results obtained when titrating stearic acid and rosin 
electrometrically were found to be approximately 10 per 
cent higher than expected. This suggested the possibility 
of an obscure peak in the electrometric titration curve when 
90 per cent of the alkali was added. Tins possibility was 
verified in the case of stearic acid but not in the case of 
abietic acids, as Figure 1 shows.

Additional investigations have shown that a curve with two 
inflections was obtained in the titration of all of the acids. 
Furthermore, the relative position of the first point of inflec
tion to the second point of inflection was due in part to the 
amount of quinhydrone present. Figure 2 shows the relative 
position of the two points of inflection in the titration of 
aliquot parts of the solvent when different amounts of quin
hydrone were employed. However, there appears to be no 
stoichiometric relation between the amount of quinhydrone 
when calculated as a monobasic acid and the additional 
amount of alkali required. The experiment in which 0.01 
gram of quinhydrone was used was repeated several times, 
and the result given represents an average value. A saturated 
solution was not employed due to the relatively largo solu
bility of quinhydrone in butyl alcohol.

Cc. of Alkali 
F ig u re  2—R e la t io n  o f A m o u n t  o f Q u in 

h y d ro n e  to  E n d  P o in t  o f T i t r a t io n  
I ,  F irst poin t of inflection; I I ,  Second point of inflection

It has been suggested that small amounts of oxygen in the 
compressed tank nitrogen may account for the second point 
of inflection. Maclnnes and Jones (3) stirred their solutions 
mechanically in the presence of air and obtained two points 
of inflection which are attributed to quinhydrone as a weak 
acid. Rabinowitsch and Kargin (4) relate the phenomenon 
to the presence of carbon dioxide in the solution. Clarke 
and Wooten (1) failed to obtain two points of inflection in the 
absence of oxygen although these authors observed “marked 
irregularities on the alkaline side of the equivalence point.” 
Our results are similar to those of Maclnnes and Jones, 
although no attempt was made to eliminate the oxygen from 
the compressed tank nitrogen. I t is probable that with
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Cc. of Alkali 
F ig u re  3—R e la t io n  o f T im e  o f S ta n d in g  to  

A c id ity  o f S o lv e n t 
I, F irst point of Inflection in dark ; II , Second point 

ofJin flection in d a rk ; I I I ,  F irst point of inflection in 
diffused daylight; IV , Second po in t of inflection in 
diffused daylight

0.5 1.0 1.5 2.0 2.5
Cc. of Alkali 

F ig u re  6—E le c tro m e tr lc  T i t r a t io n  
I, S tearic; I I , Salicylic; I I I ,  Technical naphthenic

0.5 1.0 1.5 2.0
Cc. of Alkali 

F ig u re  7— E le c tro m e tr lc  T i t r a t io n  o f H y d ro 
c h lo r ic  A cid in  B u ty l A lcoho lCc. of Alkali 

F ig u re  4—E le c tro m e tr lc  T i t r a t io n  o f B enzo ic  
A cid

I ,  S ilver-silver chloride electrode; I I , Agar-agar 
boundary smaller amounts of quinhydrone than used in our experiments 

the two points of inflection would tend to merge and appear 
as one.

The variation in the acidity of the solvent was found to 
be mainly associated with the time of standing in the light, 
the time of reflux—i. e., in the preparation of the saturated 
solution—and the method used in dissolving the quinhydrone. 
Figure 3 represents the change in the acidity of the solvent 
when it was exposed to daylight and when it was stored in a 
dark bottle. If the saturated solution of potassium chloride 
in butyl alcohol is at an elevated temperature when the 
quinhydrone is added, the solution turns dark with an in
crease in the acidity of the solvent. A low and constant 
blank can be obtained by refluxing for */* hour, adding the 
quinhydrone when the solution is at room temperature, and 
storing the solution in a dark bottle.

The use of the silver-silver chloride electrode as a reference 
electrode (6) to replace the agar-agar boundary has been 
tried with success in this laboratory. A piece of silver sheet,
1-cm. square, was soldered with silver solder to a platinum 
wire 3 cm. in length. To the other end of the platinum wire, 
a piece of copper wire was soldered to serve as a lead to the

Cc. of Alkali 
F ig u re  5— E le c tro m e tr lc  T i t r a t io n  

I, Technicalabietic; I I ,  Cyclo-hexane carboxylic acid; 
I I I ,  Benroic

potentiometer. A piece of glass tubing containing the 
copper wire was fused to the intervening platinum wire. 
The silver'sheet was then covered with silver chloride by
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merely dipping it into the fused salt. In this manner the 
time of preparation of the reference electrode is greatly 
reduced (6). The silver-silver chloride electrode was 
placed in the solution to be titrated together with the agar- 
agar electrode. The connections were changed after each 
addition of the alkali and the resulting points of inflection 
agreed very well. Apparently there is no diffusion of the 
benzoic acid from the reference electrode into the unknown 
acid sample when the agar-agar plug is correctly made 
(Figure 4). An off-balance of roughly 2 millivolts on the 
potentiometer can be observed when employing the agar-agar 
electrode whereas with the silver-silver cliloride electrode, 
an off-balance of 0.5 millivolt is perceptible.

All the calculations in this paper are based on the first point 
of inflection which experimentally may be distinguished 
from the second by the color of the solution. In the former 
the solution is amber, whereas in the latter the solution is 
dark brown to black. If the first point of inflection is not 
obtained, the result is in error due to over-titration.

Additional electrometric titrations (Figures 5, 6, 7), em
ploying the silver-silver chloride electrode as the reference 
electrode, were carried out in which known acid oil sam
ples were added in equivalent amounts to the unknown acid 
in the solvent as calculated by the first point of inflection. 
In this manner two points of inflection were obtained in the 
experiment in which abietic acid was employed (Figure 5), 
whereas in Figure 1, employing five times as much abietic 
acid, only one point of inflection was obtained. Apparently, 
a preliminary titration is necessary in order to carry out 
satisfactorily an electrometric titration of an unknown oil 
sample. Three points of inflection were obtained when 
titrating hydrochloric acid. I t is quite probable that the 
unknown acid in the solvent is not hydrochloric. Benzoic 
and salicylic acids behaved as a single acid. The question 
arises as to the use of the second point of inflection in the 
calculation of neutralization numbers. As applied to the 
acids used in these experiments, the authors prefer the

first point of inflection from the standpoint of time consumed 
and of agreement of duplicate experiments. Obviously, 
dibasic acids and a mixture of acids of widely different 
strengths as well as the relative quantities of the acids present 
in the mixture have a bearing on the problem.

It is interesting to compare the order of the acids as deter
mined by the potential of the cell at the halfway point of 
titration. The well-known relation between the ionization 
constant and the hydrogen-ion concentration in water at the 
halfway point of titration should enable one to arrange the 
acids in order of their strength. The solvent in our experi
ments was butyl alcohol, the single potential of the silver- 
silver chloride electrode in butyl alcohol is unknown, and the 
effect of the acid or acids in the solvent is unknown. How
ever, the relative position of one acid to another should 
remain unchanged. The e. m. f. at the halfway point of 
titration when graphically obtained is approximate, since 
few points are ordinarily taken in that region of the curve. 
Table III contains these data.

T a b le  I I I —O rd e r o f A cids a s  D e te rm in e d  by  E. M . F . a t  H alfw ay  
F i l t r a t io n  P o in t

E. M . F. a t 
H a l f w a y Ka  IN

A c i d P o i n t W a t e r

H ydrochloric 340
Salicylic 120 1 X IO” «

Benzoic 65 6 X IO"«

Cyclohexane carboxylic acid 40
Technical naphthenic 40
Stearic 25
Abietic 20
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O xidation of Ferrous Iron  by Iodine in Presence of 
Phosphate and N on-Existence of a Ferriphosphate 

Com plex1

IN 1926 Bonner andjYost 
(/) published a method 
for the determination of 

ferrous iron using sodium hy
pochlorite as the oxidizing 
agent. This method in brief 
is as follows: Ferrous iron, on 
being added to a solution 
con tain ing  disodium phos
p h a te  and sodium  hypo
chlorite, is immediately oxi
dized to ferric iron and pre
cipitated as a phosphate .
Addition of iodide to this mix
ture results in the liberation of iodine and in the formation of 
a certain amount of iodate. Addition of acid dissolves the 
ferric phosphate, presumably with the formation of a complex

1 Received June 9, 1930.

Walter D. Bonner and Hendrick Romeyn, Jr.

U n iv e r s it y  of  U t a h , Sa l t  L a k b  C it y , U tah

The reaction F e ++ +  'A I* aq. — >- Fe+++ +  I~ goes 
to com pletion in the presence of phosphate and of a 
moderate concentration of acid. This reaction, even 
in solutions alm ost neutral, is too slow to be of analyti
cal significance.

The reason for the com pletion of the reaction is 
probably the decrease in the ratio Fe + + + to Fe++ 
brought about by the addition of the phosphate.

Probably no complex ion is formed between ferric 
iron and phosphate, but only a weak electrolyte whose 
com position probably ranges from FePO« in solutions 
containing little  phosphate, to Fe(H2P04)j in solutions 
containing an excess of phosphate.

ion (7). Any iodate pres
ent is at the same time re
duced to iodine by the iodide. 
The liberated iodine is then 
titrated with th io su lfa te . 
The reac tio n s  involved 
are:

2Fe + + +  CIO“  +  2H+— =>- 
2Fe + + + +  Cl“  +  H20  (1) 

3 1 -  +  4 C 10 - +  2H +— >- 
I0 3-  +  4C 1- +  H20  (2)

The fundamental idea on 
which this method is based is 

that the ferric iron, converted by the phosphate into a fairly 
stable complex, is thus removed from the scene of the re
action. There will therefore be no reverse reaction of ferric 
iron with iodide, which ordinarily prevents the titration of
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F ig u re  1-
Time in hours 

- R a te  o f O x id a tio n  of I r o n  by Io d in e

approximately neutral are almost immediately oxidized by 
iodine. Therefore we also determined the rate of the re
action at various other acid concentrations. Using aurine 
indicator to obtain neutral solution, as suggested by Willard 
and Hall, we made rate measurements at 25° C. on solutions 
of pH approximately 6.5, 2.5, and 1.5. At pH 6.5, and using 
solutions about 0.03 N  in ferrous iron, the reaction is complete 
in about 6.5 hours. At pH 2.5 about 75 per cent of the iron 
has been oxidized in 18 hours. At pH 1.5, the rate is about 
the same as at pH 1.0, where most of our measurements were 
made.

T a b le  I— R a te  o f O x id a tio n  o f I ro n  by  Io d in e

25° C .; T h i o s u l f a t e  
E q u i v a l e n t , 23.70 cc.

40° C.; T h i o s u l f a t e  
E q u i v a l e n t , 24.1 cc.

60° C .; T h i o s u l f a t e  
E q u i v a l e n t , 24.1 cc.

Fe + + Fe + + Fe + +
T hio Oxi Thio- Oxi- Thio- Oxi

Tim e sulfate dized Tim e sulfate dized Tim e sulfate dized
Hours Cc. % Hours Cc. % Hours Cc. %

0 .0 0 37.45 0.00 0 .0 0  33 .65  0 .0 0 .0  33.65 0 .0
0 .75 36.81 2.74 1.00 29 .3  ** 0 .3  17.8 1 .0  25.1 ± 0 .1 35 .5
1.00 36.80 2.74 3 .00  26 .0  =*- 0 .2  31 .5 2 .5  2 0 .3  *  0 .3 55 .0
1 .50 36.47 4 .13 5 .00  2 0 .8  =te 0 .2  53.1 5 .0  15.1 ± 0 . 3 7 7 .0
2 .00 35.89 6 .60
2.50 35.95 6.34
3 .00 35.76 7.11
4 .00 25.28 9.14
5.00 34.90 1 0 .7S

20.50 30.01 31.40
24.00 29.12 35. IS

ferrous iron with iodine. The idea of the complex was based 
upon the work of Wineland and Ensgraber (7) already referred 
to.

H. W. Foote (3) has suggested that the above method be 
further simplified, either by direct titration of the ferrous 
iron by iodine in the presence of phosphate, or by adding 
an excess of iodine solution also in the presence of phosphate, 
and, titrating back with thiosulfate. That these proposed 
modifications were not practicable was known to Bonner and 
Yost at the time they wrote their paper. Nevertheless, acting 
on Foote’s suggestion, we have made a more careful examina
tion of the reactions involved.

Rate of Oxidation of Iron by Iodine

We first determined the rate of the oxidation of ferrous iron 
by iodine in the presence of phosphate, the solutions being 
0.1 N  in sulfuric acid. In this way we were able to show 
that the reaction actually goes to completion. The procedure 
adopted was to mix together, in glass-stoppered flasks, 15 cc. 
of 0.1 N  ferrous sulfate solution; 15 cc. of 0.3 N  disodium 
phosphate solution; 25 cc. of 0.1 N  iodine solution; 50 cc. of 
water. The mixed solutions were always 0.1 N  in sulfuric 
acid which was added with the ferrous sulfate solution. 
These flasks were kept in a thermostat at the desired tem
perature. At definite intervals a flask was removed and the 
excess iodine titrated with thiosulfate. A large number of 
these determinations was made, and the results are readily 
reproducible. Figure 1 shows that the reaction is very slow 
at 25° C., being in fact less than 50 per cent complete in 24 
hours. At 40° C. the reaction is complete in about 15 hours, 
and at 60° C. in about 9 hours. We have no explanation for 
the curious hump in the 25° C. curve.

The data on which the curves of Figure 1 are based are given 
in detail in Table I. Each titration given is the mean of at 
least two determinations. The precision of the experiments 
a t 40° and 60° C. is of course much less than that of experi
ments at 25° C. due to the higher vapor pressure of the iodine 
causing some loss from the solutions.

Willard and Hall ([6) have shown that small amounts of 
ferrous iron in the presence of phosphate and in solutions

. Using only 5 mg. of ferrous iron, we were able to corroborate 
the statement of Willard and Hall, referred to above. I t is 
interesting to note that we were able to carry out this oxida
tion in the absence of phosphate, the ferric iron in this case 
being precipitated as the hydroxide instead of as a phosphate. 
In the absence of phosphate, however, the results were erratic 
and usually low. These neutral solutions either with or with
out phosphate are very sensitive to atmospheric oxidation, and 
air must be rigorously excluded.

Theoretical Considerations

Since this reaction goes actually though slowly to com
pletion, and if the formation of a ferriphosphate complex 
might be assumed, the explanation seems almost obvious. 
The two reactions whose rates are involved are evidently:

Fe+++ +  H.POr 
Fe++ +  * Ij aq.-

>- complex 
Fe+ + + +  I-

(3)
(4)

Reaction 3 must be rapid, as is evidenced by the work of 
Bonner and Yost (i). Reaction 4 is probably rather slow 
and the equilibrium is known to be established quite slowly.

F ig u re  2—P o te n t io m e tr ic  T i t r a t io n  o f F e r r ic -F e r ro u s  S o lu t io n  
w ith  P h o s p h o r ic  A cid

At- equilibrium and in the absence of phosphate, only a small 
part of the iron has been oxidized. The reason that Reaction 
4 goes to completion as written must be that the concentration 
ratio Fe+++ to Fe++ in the presence of phosphate and a low 
H + concentration is smaller than the equilibrium ratio of 
Fe+++ to Fe++ in the same reaction, phosphate being absent. 
This latter equilibrium ratio is readily determined, and is 
known to be approximately 10_3 (2). In order to show what
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the ratio Fe+++ to Fe++ is in a solution containing phosphate, 
the following experiments were performed:

A solution was made up containing 25 cc. of 0.05 M  ferrous 
sulfate solution, 0.5 cc. of 0.05 M  ferric sulfate solution, 
0.5 cc. of 0.1 N  sulfuric acid solution, and 25 cc. of water. 
The ratio Fe+++ to Fe++ in this solution was 0.02 or 10-1-70. 
The measured e. m. f. of this solution at 25° C. against a normal 
calomel electrode was 0.359 volt. An entirely similar solu
tion was then made up, excepting only that the 25 cc. of 
water were replaced by 25 cc. of a 0.3 molal solution of di
sodium phosphate. This solution gave an e. m. f. against 
the same calomel electrode at 25° C. of 0.255 volt. From 
these measurements, by means of the relationship

E  =  E„ +  0.059 log F e+ + + /F e++

we calculate that the ratio Fe+++ to Fe++ is now 10~3-45. 
The addition of the phosphate has therefore greatly decreased 
the concentration of Fe+++ in the solution, and has de
creased the ratio Fe+++ to Fe++ to a value markedly less 
than the equilibrium ratio of Reaction 4. This seems to 
substantiate our previous statement that the reason this 
reaction goes to completion must be the decreased ratio 
Fe+++ to Fe++. This may be brought about by the for
mation of a ferriphosphate complex. This conclusion is 
made the more plausible by the fact that while the reaction 
is completed in solutions 0.1 N  in sulfuric acid, the reaction 
is not completed in solutions approximately 3 N  in acid. 
In other words, at acid concentrations such that this hypo
thetical complex cannot form, equilibrium is established with 
but little Fe+++ present. If one carries out this oxidation in 
solutions nearly neutral, the progress of the reaction is ac
companied by the formation of a white precipitate, pre
sumably a ferric phosphate. This precipitate, filtered out 
and washed, dissolves slowly in 3 iV sulfuric acid to a colorless 
solution. Addition of iodide to this solution liberates, at 
once, an abundance of iodine, showing that at such an acid 
concentration, the reaction cannot go to completion.

Non-Existence of Ferriphosphate Complex

The fact that the oxidation of ferrous iron by iodine fails to 
proceed in the presence of 3 N  acid seems to indicate that any 
complex which may be formed is not a very stable one. 
The evidence for the existence of such a complex seems to be 
furnished entirely by the work of ̂ Vineland and Ensgraber 
(7) who assign to it the formula Fe (POi)2 . If any com
plex is formed, even of moderate stability, it should be pos
sible to determine both its presence and its composition by 
means of a potentiometric titration of a ferric-ferrous solution 
with phosphoric acid (4). Such a titration has been carried 
out and its graph is given in Figure 2. For purposes of 
comparison, the graphs obtained by titrating (a) silver nitrate 
with potassium cyanide and (b) silver nitrate with ammonia, 
Figure 3, are inserted. As is readily seen, the iron-phosphate 
graph shows no indication of any complex as stable as-the 
silver ammonia complex. From coordination considerations, 
the most likely complexes should be Fe(HPOi)3 or 
Fe(H2P04)6 . No indication is given of either of these.
The existence of any ferriphosphate complex must, therefore, 
be called in question and the behavior of ferric solutions con
taining phosphate attributed to the formation of a weak 
■electrolyte. Since, as the graph shows, the rapid change in 
the Fe+++ to Fe++ ratio has ceased when the ratio of phos
phate to ferric iron has become about 3, we may conclude 
that the ultimate composition of the weak electrolyte ap
proximates Fe(H:P04)3. However, the addition of a small 
amount of phosphoric acid removes most of the color from a 
ferric solution. Thus, in the titrations just cited, the greater

part of the color disappeared with the addition of the first 
cubic centimeter of phosphoric acid. Ten cubic centimeters 
of 0.1 N  ferric chloride solution are almost completely de
colorized by 0.5 cc. of 85 per cent phosphoric acid. These 
observations suggest that some compound richer in iron than 
is the primary phosphate is present in the solutions which 
contain little phosphoric acid. In the second case cited, 
the ratio of phosphate to iron is 1, suggesting the formula 
FeP04.

F ig u re  3—T i t r a t io n  o f S ilver N i t r a te

The white precipitate referred to above, which forms during 
the oxidation of ferrous iron by iodine in nearly neutral 
solutions containing phosphate, contains as an average of 4 
analyses, 26.8 per cent iron. These analyses were made by 
the method of permanganate titration, following reduction 
with stannous chloride (5). Similar analyses made of the 
product called by Wineland and Ensgraber “alkali free 
ferriphosphoric acid” gave 26.6 per cent iron. As the com
pound Fe2(HP04)3 contains 28.0 per cent iron, it is probable 
that each of these substances is the secondary ferric phos
phate.
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D eterm ination of C hrom ium  and V anadium  in 
Ores and Alloys after O xidation w ith  

Perchloric  A cid1
Ilobert H. Willard and R. C. Gibson

D e p a r t m e n t  o f  C h e m i s t r y , U n i v e r s i t y  o f  M i c h i g a n ,  A n n  A r b o r , M i c i i .

MOST of the present 
volumetric methods 
for the determina

tion of chromium depend 
upoii its oxidation to chromic 
acid by an excess of oxidizing 
agent, removal of the latter, 
and titration with a suitable 
reducing agent. The re
moval of this excess of oxi
dizing agent and the effect of 
manganese arc more or less 
troublesome. This paper de
scribes a more rapid method 
for chromium in which the 
presence of manganese does 
not interfere.

About ten years ago one of 
the authors (11) reported that 
hot, concentrated perchloric 
acid would oxidize chromic 
oxide and its salts, and applied 
it to steel analysis, but the 
high price .of the acid made its extensive use impracticable. 
The acid is now relatively inexpensive, and it seemed de
sirable, therefore, to study the method in detail so that it 
might find the wide use which its convenience and accuracy 
would seem to warrant. Up to the time this paper was 
presented (1), no further reference to this subject had appeared. 
Since that time Lichtin (6) has suggested the use of per- 
cliloric acid in the analysis of chrome alum and its liquors. 
He erroneously assumed that chloric acid was an intermediate 
product in the oxidation process. James (S) has given 
brief directions for its use in the analysis of chromium iron 
alloys. No analyses, however, were given to show the 
accuracy of his procedures, some of which are known to be 
inaccurate.

Perchloric acid, like sulfuric, in dilute solution is very 
stable and not affected by any of the ordinary reducing agents. 
Upon boiling it loses water until it reaches a concentration 
of 70 to 72 per cent, and this acid distils at about 203° C., 
accompanied by some decomposition, thus:

4HCli =  2Cls +  70s +  2HjO
Oxides of chlorine are not formed.
This oxygen is available for oxidation and under these 

conditions the acid is a powerful oxidizing agent. To remove 
its oxidizing power, all that is required is dilution with water. 
The free chlorine present is readily removed by boiling or 
blowing air through the solution. Nearly all metals and 
non-metals are readily attacked by the hot, concentrated 
acid. Manganese, however, is not oxidized beyond the 
bivalent state except when considerable phosphoric acid is 
present. In this respect it differs from other oxidizing 
agents for chromium. Even chromite and chromic oxide, 
which are quite inert towards other acids, are completely

1 Received N ovem ber 10, 1930. Presented before the  D ivision of
Physical and  Inorganic C hem istry  a t  th e  7Sth M eeting of the  American
Chem ical Society, M inneapolis, M inn.. Septem ber 9 to  13, 1929.

oxidized. The method is 
very rapid. Moreover, since 
concentrated perchloric acid 
is an excellent dehydrating 
agent for silica (12), the latter 
may be determined after ti
tration of the chromium with 
no extra trouble. I t is not, 
however, satisfactory for re
moving tungstic acid (12).

In spite of the properties 
mentioned above, 70 to 72 per 
cent perchloric acid is per
fectly stable and non-oxidiz
ing at ordinary temperatures, 
but obviously should be kept 
out of contact with organic 
matter. I t is non-explosive 
and no trouble has been expe
rienced with violent reactions, 
even when used by students.

Commercial perchloric 
acid, free from ammonium, 

chromium, and vanadium, is entirely satisfactory for the de
termination of the latter elements and is much cheaper than 
the c. p . acid.

Standardization of Dichromate
C. p. potassium dichromate, unless specially purified, is 

not a safe primary standard. I t  may even contain a slight 
excess of chromic acid. The material used in this work was 
the best obtainable, but it was tested in two ways—against 
U. S. Bureau of Standards arsenious oxide, which gave a 
value of 100.06 per cent dichromate, and against ferrous 
sulfate which had been titrated against permanganate 
standardized against Bureau of Standards sodium oxalate, 
which gave 100.16 per cent. The arscnite method (9) 
was more accurate because only one titration was involved 
and because dilution and acidity were without effect. The 
dichromate must not be added to the alkaline arsenite solu
tion or too much arsenite will be used. One gram of dried 
potassium dichromate was dissolved in 25 cc. of water and 
acidified with 6 to 8 cc. of sulfuric acid (sp. gr. 1.5). To this 
solution was added 1.02 grams of dried arsenious oxide dis
solved in 25 cc. of water and 3 grams of sodium hydroxide 
crystals. Reduction of dichromate was complete in a minute 
or two. Fifty cubic centimeters of hydrochloric acid (sp. 
gr. 1.1) were added and the excess arsenite titrated with 
0.02 N  bromate which had been standardized against arseni
ous oxide using approximately the same concentration of 
hydrochloric acid. Change in acidity, volume of solution, 
and concentration of substances have a negligible effect 
on the ratio of arsenite to dichromate, but a certain mini
mum concentration of hydrochloric acid must be present in 
the bromate titration, the end point of which may be de
termined electrometrically (17) or by the use of methyl 
orange indicator, if the color of the solution is not too deep. 
The excess of arsenite may also be titrated with permanga

Chromium and vanadium may be completely oxi
dized to chromic and vanadic acid by boiling 70 per 
cent perchloric acid, the oxidizing action of which is 
removed by dilution with water, after which any of 
the usual titration m ethods may be used. Manga
nese is not oxidized.

Directions are given for applying this process to the 
analysis of chromic oxide, chromite, steel, and ferro- 
chromium.

If phosphoric acid is added, m anganese is oxidized 
more or less completely to a m anganic salt, but the 
oxidation of chromium is hindered.

Small am ounts of tungsten do not interfere but 
larger am ounts m ust be removed before oxidation 
and may be subsequently added to the solution as 
sodium tungstate.

If both phosphotungstic acid and vanadium are 
present, low results are obtained.

Chromium may be precipitated as lead chromate 
from a solution 1 molar in perchloric acid and 0.04 
molar in lead perchlorate and thus separated from  
vanadium, manganese, and iron.
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nate, using a trace of iodine as catalyst, with or without 
erioglaucine A as indicator (5).

S ta n d a r d iza tio n  o f F errou s S u lfa te

It has been shown by Eppley and Vosburgh (1) that the 
result of a dichromate-ferrous sulfate titration is influenced 
by acidity, volume of solution, and concentration of di- 
chroniate. Their results show variations of more than 
0.5 per cent when these factors are varied. The following 
experiments confirm their results: In solutions 3.4 molar 
with respect to sulfuric acid, 25 cc. of 0.1 N  dichromate 
in a volume of 150 cc. required 25.43 cc. of ferrous sulfate 
when titrated electrometrically, and when the volume was 
doubled, 25.35 cc. Portions of 50 cc. with the same acidity 
required, in volumes of 100 cc. and 600 cc., 51.96 cc. and 
50.66 cc., respectively, of another ferrous sulfate solution. 
The presence of ferric or perchlorate ion has no effect on the 
location of the end point. I t is obvious, therefore, that it is 
essential to standardize the ferrous sulfate under the same 
conditions of acidity and volume prevailing in the analysis, 
using, preferably, about the same amount of titrating solution.

If it is desired to use diphenylbenzidine as indicator (15), 
the acidity must be reduced by the addition of sodium 
acetate sufficient to react with all free sulfuric or perchloric 
acid. This was shown by titrating 25-cc. portions of 0.1 
N  dichromate under different conditions. In all cases the 
solution had a volume of 150 cc. and contained 15 cc. of 
phosphoric acid (sp. gr. 1.37). In one case it was titrated 
directly, using diphenylbenzidine as indicator, and required 
25.51 cc. of ferrous sulfate. In two parallel experiments 
the solution contained 20 cc. of 70 per cent perchloric acid, 
was treated with 32 grams of sodium acetate trihydrate, 
and the value, 25.41 cc., was obtained both electrometrically 
and by the indicator method.

To work out the conditions necessary to obtain satisfactory 
chromium determinations, synthetic mixtures of iron and 
chromium were prepared using ingot iron and the tested 
potassium dichromate. The oxidation was carried out in a 
beaker 20 cm. in height and of 350 cc. capacity. This 
extra-tall beaker, ordinarily unnecessary, was used to avoid 
any possible loss, either by spraying from the gases evolved 
or from the occasional bumping of the dilute perchloric acid. 
The concentrated acid boils quietly.

A m o u n t  o f  P e r c h l o r i c  A c i d  R e q u i r e d —If too little 
acid was used, solid ferric perchlorate separated even in the 
boiling acid and the results were low. For 1 gram of iron, 
20 cc. of 70 per cent acid were satisfactory, for 2 grams, 
25 cc., and for 5 grams, 60 cc. Less is likely to cause incom
plete oxidation of chromium, especially if the sample is dis
solved directly in the hot acid, some of which is thus used up.

T i m e  o f  B o i l i n g  f o r  C o m p l e t e  O x i d a t i o n —The oxida
tion is the critical part of the process. After the acid has 
concentrated to dense fumes, 20 minutes of gentle boiling 
is sufficient, unless some reducing material, such as carbon, 
is present. Oxidation starts rather suddenly and the change 
in color due to the formation of red chromic acid is usually 
quite evident. Ten or fifteen minutes more is sufficient to 
complete the oxidation. The beaker must be kept covered, 
and should be at least 11 or 12 cm. high, the 500-cc. tall form 
with lip being satisfactory. A Soxhlet flask of this capacity 
is still better and prevents any possibility of mechanical 
loss by bumping or spraying. A conical flask is not so good 
because the depth of liquid is not great enough. Most of 
the acid condenses and runs down in oily drops on the sides 
of the vessel and on the cover glass. This appearance is 
an excellent sign that the acid is sufficiently concentrated 
to have its maximum oxidizing power. Much time is saved 
Jay dissolving the sample directly in the concentrated acid,

if possible, taking care not to heat too strongly at first. 
When the solution must be evaporated to fumes, especial 
care is needed to prevent mechanical loss.

If the concentrated acid solution is allowed to stand over
night before titration, some oxygen is apparently lost and re
sults are slightly low.

T i m e  o f  B o i l i n g  t o  R e m o v e  C h l o r i n e —Three minutes 
was found sufficient. The solution must, of course, first 
be diluted to at least double its volume. The chlorine may 
also be removed by bubbling air through the solution.

I n t e r f e r e n c e  o f  A m m o n iu m  S a l t s —Slightly low results 
were always obtained in the presence of ammonium salts. 
The error amounted to about 1 mg. of chromium in 50 mg. 
when 1 gram of ammonium nitrate was added. I t is there
fore important that when commercial perchloric acid is 
used, it be free from ammonium salts.

A c t i o n  o f  O t h e r  S u b s t a n c e s —Halides, nitrate, and 
acetate are volatilized. Sulfate in moderate amount does 
not interfere except that most sulfates are insoluble in per
chloric acid and cause bumping. Reducing agents in general 
and even graphitic carbon are entirely oxidized in a short 
time. Vanadium is completely oxidized to vanadic acid. 
Tungsten in large amounts is incompletely oxidized by per
chloric acid, and if already oxidized to tungstic acid, carries 
down appreciable amounts of chromium and vanadium. 
Phosphate in considerable amount, as will be shown later, 
tends to prevent complete oxidation of chromium unless the 
quantity of perchloric acid is greatly increased.

The results shown in Table I were obtained by the following 
procedure: The requisite amounts of ingot iron and po
tassium dichromate were weighed into a tall, 400-cc. lipped 
beaker. Five cubic centimeters of water and 1 cc. of nitric 
acid were added, and enough hydroxylamine hydrochloride 
to reduce the chromium. At least 25 cc. of 70 per cent 
perchloric acid wrere added, followed by the desired amount 
of ingot iron. The solution was boiled until the appear
ance of dense white fumes of perchloric acid and for 15 
to 20 minutes longer to complete the oxidation. An equal vol
ume of water w'as added to the somewhat cooled solution, 
which was boiled to expel chlorine, diluted, cooled, and ti
trated electrometrically writh ferrous sulfate standardized at 
the time it was used, against dichromate under the same con
ditions of volume and acidity.
T a b le  I— D e te r m in a t io n  of C h ro m iu m  a n d  V a n a d iu m  in  S y n th e t ic  
M ix tu re s  o f Iro n  a n d  C h ro m iu m  a f te r  O x id a tio n  w ith  P e rc h lo ric  Acid

W e i g h t  o p  S a m p l e C h r o m i u m  A d d e d C h r o m i u m  F o u n d

Grams % %
5 0.274 0.273
5 0.264 0.263
2 0.708 0.707
2 0.666 0.664
1 .5 0.879 0.876
1 .5 1.020 1.020
0 .4 14.23 14.21
0 .4 14.48 14.48
0 .35 77.47 77.43
0 .35 76.53 76.52

Procedure for Chromium and Vanadium Steels Containing 
Little or No Tungsten

Place samples of 0.5 to 2 grams, depending on the chro
mium content, in a 500-cc. tall-form lipped beaker, or better 
still in a 500-cc. Soxhlet flask, and add 20 to 25 cc. (depending 
on the size of the sample) of 70 per cent perchloric acid, 
commercial or c. p .  Cover the vessel and warm until all 
the metal has dissolved, taking care not to let the action 
become too violent. Most steels will dissolve in less than 
5 minutes. Boil the solution 15 to 20 minutes, noting the 
change in color if much chromium is present, and continuing 
the boiling at least 10 minutes longer. The perchloric acid, 
should condense and run down the sides of the beaker or 
flask. Cool somewhat, add an equal volume of water, and 
boil 3 minutes to expel chlorine. After cooling, the solution



90 ANALYTICAL EDITION Vol. 3, No. 1

is diluted to a suitable volume and is ready for titration as 
described later.

Cast iron or alloys high in carbon should be dissolved in 
dilute perchloric acid, either with or without nitric acid, 
and evaporated to fumes; the action of the hot concentrated 
acid is too violent. If it is necessary to use 4- or 5-gram 
samples, add 50 or 60 cc. of acid. This is desirable in cast 
iron or steel very low in chromium. Boiling for 1 or 2 hours 
may be necessary to oxidize all the graphite, and further 
addition of perchloric acid may become necessary.

Procedure for Ferrochromium

An alloy of this type requires different treatment, be
cause when boiled with 70 per cent perchloric acid, the 
chromium trioxide formed, which is fairly insoluble even 
in the hot acid, tends to coat the particles of ferrochromium 
and prevent further oxidation. Weigh 0.2 gram of the 
powdered alloy into a 500-cc. tall lipped beaker or Soxhlet 
flask. Add 20 cc. of hydrochloric acid, sp. gr. 1.18, and 
heat for 15 minutes. Add 15 cc. of 70 per cent perchloric 
acid and boil 30 minutes after all hydrochloric acid is ex
pelled. Cool somewhat, add a few cubic centimeters of 
water to dissolve the chromium trioxide, and reoxidize by 
boiling 15 minutes after the water is expelled. Add a few 
cubic centimeters of water and look for any undissolved 
particles of metal. If any are present, another oxidation 
may dissolve them. Otherwise pour off most of the solution, 
add a few cubic centimeters of 70 per cent perchloric acid 
to the residue, and boil till solution is complete. Add the 
main decanted liquid, evaporate off the water, and reoxidize 
for 5 minutes. Dilute and boil off chlorine.

Table II shows the results obtained with steels and ferro
chromium.
T a b ic  I I — D e te r m in a t io n  o f C h ro m iu m  a n d  V a n a d iu m  in  S te e l a n d  

F e r r o c h r o m iu m  a f te r  O x id a tio n  w ith  P e rc h lo r ic  A cid

W t . o f C h r o m i u m P brm a n- V a n a d iu m  V a n a d iu m
S a m ple P r e s e n t  C h r o m iu m  F o u n d  g a n a t b (5) 

FeSO«
FeSO< e lec tro 

in d ic a to r  m e tric

P r e s e n t  F o u nd  (5)

Grams % %  %
C ast Iro n , B . S. S2

%  %

5 0 .2 4 0 .2 4 0  0 .2 4 0
5 0 .2 4 0 .2 3 9  0 .2 4 0
5 0 .2 4 0 .2 4 0

C r-N i S tee l, B . S . 32b
2 0 .6 3 S 0 .6 3 7  0 .6 3 7
2 0 .6 3 S 0 .6 3 6  0 .6 3 8

C r-M o  S tee l, B . S . 72
1 .5 0 .9 1 1 0 .9 0 8  0 .9 0 9
1 .5 0 .9 1 1 0 .9 1 0  0 .9 0 9

S ta in le ss  S tee l, B . S . 73
0 .4 13 .9 3 13 .8 9  1 3 .9 0  1 3 .8 8
0 .4 13 .9 3 13 .92  13 .8 9  1 3 .8 8
0 .4 1 3 .9 3 1 3 .9 2  13 .91

F e rro ch ro m iu m , B . S. 64
0 .1 5 6 7 .9

6 7 .9
6 7 .8 0  6 7 .7S 
6 7 .7 9  67 .8 1

C r-V  S tee l. B . S. 30a
2 .0 1 .0 2 1 .0 0 5 0 .2 1  0 .2 1
2 .0 1 .0 2 1 .0 1 0 0 .2 1  0 .2 1
2 .0 1 .0 2 1 .0 1 0 0 .2 1  0 .2 1

Procedure for Chromic Oxide and Chromite

Weigh a 0.5-gram sample into a tall, 500-cc. lipped beaker, 
or better still, Soxhlet flask. Add 20 cc. of 70 per cent 
perchloric acid and boil 30 to 60 minutes. Cool somew'hat, 
then add a few cubic centimeters of water to dissolve the 
chromium trioxide which coats the particles. If any un
attacked ore remains, evaporate off the water and boil the 
concentrated acid again for 20 or 30 minutes. If this treat
ment does not decompose all the ore, pour off most of the 
solution, add to the residue 10 cc. of perchloric acid, and 
boil until the ore is dissolved. Add the main decanted 
solution, evaporate off the water, oxidize 5 minutes, dilute, 
and boil off the chlorine. The solution is diluted to a suit
able volume and when cool, is ready for titration.

The results obtained by this procedure, using samples of 
chromite and pure chromic oxide, are shown in Table III.
T a b le  I I I — D e te r m in a t io n  o f C h ro m iu m  in  C h ro m ic  O xide a n d  

C h ro m ite  a f t e r  O x id a tio n  w ith  P e rc h lo r ic  A cid 
C h r o m i c  O x i d e  C h r o m i c  O x i d e

P r e s e n t  F o u n d
(E le c tro m e tr ic )

Cram Cram
c h r o m i c  o x i d e

Chromic oxide, which is not attacked by the usual acids, 
is readily oxidized to chromic acid by boiling 70 per cent 
perchloric acid, a 0.15-gram sample requiring 15 minutes. 
Chromite is more resistant; if ground to pass a 200-mesh 
sieve it requires 60-90 minutes. Storer (7, 10) suggested 
the use of concentrated nitric acid and sodium chlorate for 
this purpose. Groger (2) used it successfully for chromic 
oxide, but both he and others found that it did not com
pletely dissolve chromite.

Pure chromic oxide was prepared by precipitating mer- 
curous chromate from chromic acid solution and igniting it 
in hvdrogen.

0 .1 4 2 3
0 .1 4 0 1
0 .1 4 0 9
0 .1 4 2 3
0 .1 4 7 1

%
57.49»
5 7 .4 9

C HROM ITE

0 .1 4 2 4
0 .1 4 0 1
0 .1 4 0 8
0 .1 4 2 2
0 .1 4 7 1

%
5 7 .4 8
5 7 .4 7

°  D ecom posed  b y  perch lo ric  ac id , ox id ized  b y  p e rs u lfa te .

Titration of Chromic Acid

After the chromium has been oxidized as already described, 
it may be titrated by any of the usual methods.

(1) Excess of standard ferrous sulfate is added and the 
excess is titrated back by means of standard permanganate, 
allowing 1 minute for the end point if vanadium is present. 
This method is so well known as to need no description. 
The color due to ferric perchlorate is so slight that there is 
no advantage in adding phosphoric acid. In the absence 
of vanadium, the end point is made much sharper by adding 
0.5 cc. of a 0.1 per cent solution of erioglaucine A, better 
known as alphazurine (Schultz 506) as recommended by 
Knop (4). The change from green to red after the addition 
of an excess of 0.03 cc. of 0.1 N  permanganate in 300 cc. is 
very distinct even in the presence of the chromic salt. The 
color lasts only a few seconds.

(2) Excess of standard arsenite is added, wrhich is then 
back-titrated with permanganate in the presence of hydro
chloric acid and a trace of iodide as catalyst, as described 
by Kolthoff and Sandell (5). If vanadium is absent, alpha
zurine as indicator improves the end point. In testing this 
method 2-gram samples were used, phosphoric acid was not 
really necessary, and vanadium wras determined in the same 
solution by titration with ferrous sulfate using diphenyl- 
benzidine as indicator, following the directions of the authors. 
Good results wrere obtained. The amount of acetate to 
be added is discussed in connection with the next method.

(3) The chromic acid (and vanadic acid, too, if present) 
is titrated directly writh standard ferrous sulfate either 
electrometrically in a strongly acid solution, or by the use of 
diphenylbenzidine as indicator in a solution containing 
phosphoric acid and sufficient sodium acetate to react with 
all the perchloric acid present, according to the method 
of Willard and Young (15). The procedure is as follows: 
After boiling off the chlorine, cool, dilute the perchloric acid 
solution to 200 to 400 cc., add 15 cc. of phosphoric acid 
(sp. gr. 1.37) and, stirring constantly, a weight of sodium 
acetate trihydrate equivalent to the excess of perchloric 
acid used in dissolving the steel. One gram of iron was 
found to require about 5.4 cc. of 70 per cent perchloric acid
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for conversion into ferric perchlorate, and 1 cc. of this acid 
contains 1.17 grams of perchloric acid, equivalent to 1.58 
grams of crystallized sodium acetate. Thus, if 20 cc. of acid 
are added, the excess will require about 23 grams of acetate. 
If the steel was first dissolved in nitric acid, the excess of 
perchloric acid will be a little greater. The proper amount 
of acetate has been added when more would -form a per
manent white precipitate of ferric phosphate. If this occurs, 
add dilute sulfuric acid, with constant stirring, until the 
solution clears. Unless the acidity is reduced in this way, 
the color change at the end point will be slow. Add 0.6 
to 0.8 cc. of 0.1 per cent diphenyl benzidine solution (in 
phosphoric or acetic acid), and allow 5 minutes, but not more 
than 10, for the purple color to develop. I t will appear 
brownish until most of the chromic acid is reduced. If no 
color appears, add a few drops of dilute sulfuric acid. Ti
trate with ferrous sulfate to a clear green, approaching the 
end point carefully. Add a correction of 0.04 cc. of 01 N  
ferrous sulfate for each 0.5 cc. of indicator.

For the electrometric method add 25 to 30 cc. of sulfuric 
acid (sp. gr. 1.5) and titrate chromic plus vanadic acids with 
ferrous sulfate. If much vanadium is present, a much 
sharper end point is obtained by cooling the solution to 5° C.

Whichever method is used, it has already been shown 
that the ferrous sulfate should be standardized in the same 
way and under the same conditions of volume and acidity 
at about the time it is used.

Titration of Vanadium

This may be determined by any of the usual methods, 
a list of which is given in references (16) and (5).

Silica has been dehydrated by the boiling perchloric acid and 
after the titration it may be filtered off and determined (IS).

These different methods were used in obtaining the con
cordant results shown in Table II.

Steels Containing Tungsten

When present in considerable amount, tungsten is only 
slowly and incompletely oxidized by hot 70 per cent per
chloric acid. The tungstic acid formed seems to protect 
some of the metal. Dilute acid dissolves the steel, leaving 
tungsten powder, which is incompletely oxidized by the 
concentrated acid. The steel was, therefore, dissolved in 
hydrochloric acid, the tungsten oxidized by boiling with 
nitric acid in the usual way, and the solution evaporated 
with 25 cc. of 70 per cent perchloric acid. The concentrated 
acid was boiled 20 minutes to oxidize the chromium which 
was titrated with ferrous sulfate. The steel contained 4.10 
per cent chromium, 14.80 per cent tungsten, and no vanadium. 
The amount of chromium found was about 1 mg. too low.

The precipitate of tungstic acid was filtered off and dis
solved in hot, dilute sodium hydroxide. I t contained about 
1 mg. of chromium, mostly as chromate, and accounted 
completely for the low results. The chromic acid is notice
ably adsorbed by it. The precipitate takes on a deeper 
orange color. This effect was further shown by mixing 
sodium tungstate and chromate solutions, adding per
chloric acid, evaporating, and boiling. The amount of 
chromium in the precipitate was always 1 or 2 mg. When 
vanadium was present, about the same proportion of it was 
found in the tungstic acid. Several days’ leaching of the 
precipitate with dilute sulfuric acid failed to remove any of 
these metals. Moreover, the amount of ferric oxide in the 
precipitate was much greater. One-gram samples of Bureau 
of Standards Steel 50 containing 17.56 per cent tungsten, 
3.61 per cent chromium, and 0.76 per cent vanadium, 
were treated as above. The precipitate of tungstic acid 
contained 6.4 mg. of iron, 1.4 mg. of chromium, and 0.3 mg.

of vanadium as oxides. When corrected for these impurities, 
17.63 per cent of tungsten was obtained. In a steel containing
5.8 per cent of tungsten it was difficult to obtain a clear 
filtrate, but even with cinchonine the value obtained was 
only 5.60 per cent. The procedure recommended by James
(3) is, therefore, unsatisfactory. All the silica was contained 
in these precipitates.

I t seemed worth while to try to prevent the interference 
of tungsten by converting it into the soluble phosphotungstic 
acid. Certain difficulties were encountered, however. Phos
phoric acid tends to prevent complete oxidation of chromium 
by perchloric acid, as shown in Table IV. Dichromate 
was added and reduced by hydroxylamine hydrochloride. 
Each result is the average of two or more experiments.
T a b le  IV— E ffec t o f P h o s p h o r ic  A cid on  O x id a tio n  of C h ro m iu m  

by  P e rc h lo ric  A cid
E i g h t y - f i v e S e v e n t y  P e r

P e r  C e n t  P h o s • C e n t  P e r  T i m e  o f C h r o m i u m E r r o r
p h o r i c  A c i d c h l o r i c  A c i d O x i d a t i o n P r e s e n t C h r o m i u m

Cc. Cc. M inutes Mg. Mg.
5 20 15 100 - 4
5 20 30 100 - 7

15 20 15 100 - 4 0
15 20 30 100 - 5 0

5 25 20 50 - 1 . 3
5 30 20 50 - 1 . 0
5 35 20 50 - 0 . 8
5 25 20 25 - 0 . 5
5 32 25 25 - 0 . 3
5 40 25 25 - 0 . 3
5 30 25 25 - 0 . 2
5 35 25 25 - 0 . 1

Effect of Manganese

I t  is well known that trivalent manganese is stabilized 
by phosphoric acid. I t  was found that by boiling the 
correct mixture of perchloric and phosphoric acids, manganese 
could be quantitatively oxidized to a manganic salt and 
titrated by ferrous sulfate. If, therefore, chromium is 
oxidized in the presence of considerable phosphoric acid as 
described above, the manganic salt must be reduced before 
the chromic acid is titrated, and dilute hydrochloric acid 
is suitable for this purpose. One-gram samples of steel to 
which manganese sulfate was added were boiled 25 minutes 
with 3 cc. of 85 per cent phosphoric acid and 35 cc. of 70 
per cent perchloric acid. The solutions were diluted to 150 
cc., the stated amounts of 2.3 N  hydrochloric acid (one 
part of concentrated acid and four of water) added, and 
after boiling 5 minutes any manganic salt present was ti
trated electrometrically with ferrous sulfate. The results 
are shown in Table V.
T a b le  V— E ffect of H y d ro c h lo ric  A cid (2.3 N ) o n  M a n g a n ic  P h o s p h a te

M a n g a n e s e

P r e s e n t  M a n g a n e s e  F o u n d  a f t e r  A d d i t i o n  o f  HCI
0 1 cc. 2 cc. 3 cc. 5 cc. 10 cc.

M g. Mg. Mg. Mg. Mg. Mg. Mg.
11.3  5 .1  3 .3  1 .0  0 0 0
51 18 .0  0 .3  0

101 40 .0  0 .2

In all cases there was insufficient phosphoric acid for 
complete oxidation. Ten cubic centimeters of 2.3 N  hydro
chloric acid are sufficient to reduce considerable amounts of 
manganese, and it was found that it would not reduce any 
of the chromium when 50 mg. of it and 2 grams of iron 
were present. Even 25 cc. caused only a slight reduction.

These results show that if even 5 cc. of 85 per cent phos
phoric acid are present, the amount of perchloric acid must 
be greatly increased even with small amounts of chromium, 
and that with larger amounts, even this does not entirely 
eliminate the error.

I t was found that 10 cc. of 85 per cent phosphoric acid 
were required to keep in solution 0.2 gram of tungsten when 
boiled with 30 cc. of perchloric acid. With 5 cc., a heavy 
cream-colored precipitate formed which persisted on dilution, 
but this amount of phosphoric acid was sufficient for 0.1 
gram of tungsten, the slight precipitate dissolving on dilution.
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Three cubic centimeters were sufficient for 0.05 gram. In 
the presence of 1 and 2 grams of iron, however, 5 cc. are 
sufficient for 0.1 and 0.15 gram of tungsten, respectively. 
Using 3 ce. of phosphoric acid under the same conditions, 
a precipitate forms but dissolves when 10 cc. more are added 
after dilution, and the solution boiled. Table VI shows the 
results obtained by oxidizing chromium under varying con
ditions, using in all cases 3 cc. of 85 per cent phosphoric 
acid and 35 cc. of 70 per cent perchloric acid. After dilution, 
10 cc. more of the former were added. Each of the errors 
shown is the average of several experiments.
T a b le  V I— E ffect of P h o s p h o tu n f ts t lc  A cid o n  O x id a tio n  o f C h ro m iu m  

by  P e rc h lo ric  A cid
E r r o r

I r o n  T u n g s t e n  C h r o m i u m  C i i r o m i u m

Grams Grams Mg. Mg.
1 0 .1  12 - 0 .0 7
1 0 .1  50 - 0 . 2 0
1 0 .2  50 - 0 . 2 5
2 0 .2  50 - 0 .0 7
0 .7 5  0 .2  50 - 0 . 3 5
2° 0 .2  50 + 0 .0 3

° N o phosphoric acid added a fter oxidation. Solution cleared on dilution.

By using the conditions of the last experiment in Table VI, 
adding extra iron, dissolving the steel in a mixture of phos
phoric, nitric, and hydrochloric acids, and reducing the man
ganic salt by hydrochloric acid, the right value was obtained 
for a steel containing 1S.7 per cent tungsten and 3.13 per cent 
chromium. In another experiment using the conditions of 
the next to the last analysis in Table VI, the result was
3.08 per cent. This error of 0.5 mg. of chromium persisted 
in all cases where 10 cc. of phosphoric and of dilute hydro
chloric acid were added after the oxidation, and was probably 
due to some reducing material in the acid. One gram of 
steel containing 15 per cent of tungsten required no extra 
phosphoric acid to keep it in solution.

Effect of Vanadium

If vanadium is present, low results for chromium are 
always obtained, so that the above method is of somewhat 
limited applicability. In the presence of phosphotungstic 
acid, Willard and Young (15) have shown that vanadic 
acid forms a complex which is only partially reduced by 
ferrous sulfate. Attempts to break up this complex by 
boiling with perchloric acid or by adding fluoride were 
without effect.

To show the magnitude of this error, varying amounts 
of vanadium as sodium vanadate were added to 1 gram of a 
steel containing 4.10 per cent ciiromium, which was treated 
as described above for chrome-tungsten steel. Assuming 
that all the chromium was titrated, the errors in vanadium, 
with 2, 10, and 30 mg. of the latter present, and 0.2 gram of 
tungsten, were —1.7, —3.9, and —5.0 mg., respectively. 
With 0.1 gram of tungsten, the corresponding errors were 
— 1.5, —2.1, and —3.6 mg. of vanadium.

Method Not Involving Phosphoric Acid

Willard and Young (15) have shown that a large amount 
of tungstic acid, as sodium tungstate, may be added without 
precipitation to an acid solution containing sufficient ferric 
salt. This dissolved tungstic acid does not interfere in the 
electrometric titration of chromic and vanadic acids. In 
applying this to a chrome-vanadium-tungsten steel, from 
which tungsten had been removed in the usual way and the 
chromium and vanadium in the filtrate oxidized by per
chloric acid, it was noticed that if the tungstic acid was 
dissolved off the filter by hot 4 per cent sodium hydroxide 
and added to the oxidized filtrate containing sufficient 
iron, the results were always low by 0.5 mg. of chromium, 
even if the tungstate solution had been oxidized by peroxide 
or persulfate. This was proved to be due to organic matter

introduced by the filter paper, no matter whether the sodium 
hydroxide was hot, cold, or fairly dilute. Sodium carbonate 
solution did not cause this error but it was impossible to 
oxidize all the chromium in the residue. I t seemed essential, 
therefore, to fuse the tungstic oxide with sodium carbonate, 
the air acting as oxidizing agent. Although more trouble
some, this method has been shown to eliminate all errors.
Procedure for Chromium or Chromium and Vanadium  

in  Tungsten Steels
A sample of 1 to 1.5 gram is usually convenient. Place 

it in a 150- or 250-cc. beaker, and add 10 cc. of water and 
30 cc. of hydrochloric acid (sp. gr. 1.18). Heat until the 
steel is completely decomposed and to the hot solution add 
cautiously from a pipet 8 to 10 ce. of nitric acid (sp. gr.
1.42), without removing the cover glass. Boil gently with 
occasional swirling until all dark metallic particles have been 
oxidized to yellow tungstic acid, and evaporate to 20 cc. 
If necessary, add 10 cc. of hydrochloric acid and 3 cc. of 
nitric, and boil down again to 20 cc. Dilute to 75 cc., boil 
a few minutes to dissolve all salts, filter into a 500-cc. Soxhlet 
flask, or, less satisfactorily, into a tall 500-cc. lipped beaker, 
and wash with hot, 2 per cent hydrochloric acid. Remove 
the flask or beaker and wash out the acid with 1 per cent 
ammonium nitrate solution, taking care that these washings 
are discarded because ammonium salts prevent complete 
oxidation of chromium.

To the filtrate add 1 gram of iron as ferric chloride or 
nitrate, but not sulfate; if a l.o-gram sample was used, add 
only 0.5 gram of iron. Add 25 cc. of 70 per cent perchloric 
acid (or more if a larger sample was taken) and evaporate 
to fumes of the acid.

In the meantime, ignite the tungstic acid precipitate in an 
open platinum or iron crucible and fuse it for 5 minutes 
with 1.5 grams of sodium carbonate with free access of air. 
Or fuse with sodium peroxide in an iron crucible free from 
chromium, dissolve in water, and boil to remove peroxide.

Boil the main perchloric acid solution in the covered flask 
or beaker 20 minutes after the appearance of dense fumes 
of the acid. Dilute with an equal volume of water, boil 
3 minutes to expel chlorine, and while still hot, pour into it 
with constant stirring the sodium tungstate solution together 
with the small amount of ferric oxide which it contains. 
A clear solution will result.

Determ ination of Chromium

If only ciiromium is to be determined, add to the cool 
solution excess of standard ferrous sulfate and titrate back 
with permanganate as previously described. No phosphoric 
acid is needed. The arsenite method of Kolthoff and San- 
dell may also be used. The ferrous sulfate must be stand
ardized under the same conditions of acidity and volume.

Determination of Vanadium

Vanadium may be determined in the same solution after 
destroying the excess of permanganate by a drop of arsenite 
(5), but the vanadic acid must be titrated electrometrically 
with ferrous sulfate, because, as has already been pointed 
out, tungsten prevents the formation of color with diphenyl- 
benzidine.

The excess of permanganate may be conveniently destroyed 
by adding 1 or 2 cc. of 0.1 M  sodium azide (16) and boiling 
for a moment, or at room temperature by adding more azide 
and letting stand a short time.

Boiling with a little dilute hydrochloric acid is also effective.
Determination of Chromium and Vanadium

To the perchloric acid solution, add 25 cc. of sulfuric acid 
(sp. gr. 1.5), cool, and titrate chromic and vanadic acids
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electrometrically with ferrous sulfate. If much vanadium 
is present, cool the solution to 5° C.

The tungstic acid in solution begins to precipitate after 
several hours.

Indicator Method for Chromium and Vanadium

This differs from the method just described in the removal 
of tungstic acid to prevent its interference with the indicator. 
Proceed as already described including the filtration and 
washing of the tungstic acid precipitate. Use paper pulp. 
The oxidation of chromium in the filtrate is carried out in the 
same way, except that no iron is added, and the titration is 
carried out as directed. If no color develops, it is probable 
that tungstic acid was not completely removed or too much 
acetate was added.

The small amounts of chromium and vanadium in the 
tungstic acid are determined colorimetrically after fusion 
in an open crucible with 1 or 2 grams of sodium carbonate 
(IS). The melt is dissolved in water and filtered. If it is 
colorless, no chromium is present. If it is yellow, estimate 
the chromium by matching the color in a beaker with an 
alkaline solution of equal volume to which standard di- 
chromate is added. Then acidify the solution with phos
phoric acid and estimate the vanadium colorimetrically 
by the method of Willard and Young. If chromium is 
present, add to the vanadium standard an equivalent amount 
of dichromate.

One-gram- samples of Bureau of Standards Steel 50 con
taining 17.56 per cent tungsten, 3.61 per cent chromium, 
and 0.756 per cent vanadium, were treated as described, 
the chromium being titrated by the ferrous sulfate-per- 
manganate method, without any indicator. The values 
obtained were 3.61, 3.61, 3.60, 3.62, and 3.60 per cent. In 
the first experiment, 10 cc. of 85 per cent phosphoric acid 
were added before the permanganate titration, but the end 
point was sharper without it. The value for vanadium in 
one sample was found to be 0.753 per cent by adding 20 cc. 
of 0.1 M  sodium azide to reduce the excess of permanganate, 
letting stand 20 minutes at room temperature, and titrating 
vanadic acid electrometrically with ferrous sulfate.

It should be noted that perchloric acid is an excellent 
solvent for many alloys which dissolve with difficulty in other 
acids.

Separation of Chromium as Lead Chromate from  
Perchloric Acid Solution

I t has been shown by Willard and Kassner (8, 14) that 
lead chromate is completely insoluble in 1 M perchloric 
acid which is 0.01 M  in lead perchlorate, and practically 
insoluble in 5 M  acid if twice as much lead is present. It 
would thus appear quite feasible to separate chromium from 
vanadium, manganese, and other metals by precipitation 
as lead chromate after oxidation by perchloric acid as de
scribed above. The results of experiments along this line 
showed that such a method was possible if proper conditions 
were maintained.

Lead perchlorate was prepared by evaporating lead nitrate 
with a slight excess of perchloric acid as described by Willard 
and Kassner (IS), but no attempt was made to free it from 
acid. A salt prepared from litharge seemed to contain some 
reducing material. The solution was diluted to 0.5 molar.

Lead chromate was completely precipitated in a short 
time from a solution containing considerable iron, 1 M 
perchloric acid and 0.04 M  lead perchlorate. These were 
adopted as standard conditions. Such a solution contains 
in 200 cc., 16 cc. of 0.5 M  lead solution and 17 cc. of 70 
per cent perchloric acid. Extra lead must be added if much 
chromium is precipitated, 100 mg. of chromium requiring 
4 cc. of 0.5 M  solution.

A solution oxidized by boiling perchloric acid always 
contains, after dilution, small amounts of chloride which 
interfere slightly with complete precipitation of lead chro
mate. The addition of a few drops of silver perchlorate, 
prepared from the nitrate in the same way as the lead salt, 
removed this source of error. I t was sometimes necessary 
to neutralize part of the free acid, and ammonia was found 
best for this purpose because sodium hydroxide usually 
contains chloride and sometimes reducing substances. 
The procedure followed, after the perchloric acid solution 
had been boiled to remove chlorine, was to neutralize part 
of the acid if necessary, add a slight excess of silver per
chlorate, heat just to boiling, add the proper amount of lead 
perchlorate, and cool to room temperature, stirring oc
casionally. If filtered hot, some cliromate remained in 
solution. The precipitate was very dense and crystalline. 
I t was filtered on a Gooch crucible, washed with cold water, 
transferred to a beaker, excess of standard arsenite added, 
then 50 cc. of hydrochloric acid (sp. gr. 1.09), after which 
the excess of arsenite was titrated with bromate. The 
lead chromate could also be dissolved in saturated sodium 
chloride solution containing 1 cc. of concentrated hydro
chloric acid per 100 cc., and titrated with ferrous sulfate. 
If 1 gram of the steel is dissolved in 20 cc. of 70 per cent 
perchloric acid and diluted to 175 or 200 cc., the acidity will 
be about right.

Good results were obtained when about 80 mg. of chro
mium were present, but with 30 mg. there was an error of 
—0.2 to 0.3 mg., the cause of which is yet unexplained. 
Vanadium was determined in the filtrate by titration with 
ferrous perchlorate to avoid precipitation of lead sulfate, 
and the results were good when all the chromium had been 
precipitated. In a solution containing tungstic acid held 
in solution by ferric perchlorate, 0.6 to 0.8 mg. of chromium 
remained in solution. Further work is in progress to obviate 
the difficulties mentioned. Table VII shows the results 
obtained under proper conditions.

T a b le  V II-—S e p a ra t io n  o f C h ro m iu m  a s  L ead C h ro m a te
W e i g h t  o p C h r o m i u m  C h r o m i u m  V a n a d i u m V a n a d i o «

S a m p l e P r e s e n t  F o u n d  P r e s e n t F o u n d

Crams %  %  Mg. Mg.
Cr-Ni Steel, B. S. 32b

2 . 2 0.638 0 .635
2 . 2 0.638 0.630

Stainless Steel, B. S. 73
0 .6 13.93 13.89
0 .6 13.93 13.88

Synthetic  M ixture
Grams Fe Mg. Mg.

3 83.15  83-, 15 32 .7 32 .5
3 83.55  83 .60  32.7 32 .5

Manganese can be determined in the filtrate from lead 
chromate by methods not applicable in presence of chromium.
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D eterm ination of pH of A m m onia Latex1

THIS paper covers the 
work done so far in 
these laboratories on 

the developm ent of an 
accurate and rapid method 
for determining the pH of 
latex.

From a practical viewpoint 
one of the most troublesome 
features of the direct use of a 
hydrogen electrode is the 
deposition of a film of rubber 
on the platinum, which by in
creasing the internal resistance of the cell, so reduces the 
sensitivity of the null point instrument that after a few deter
minations the apparatus must become inoperative. A more 
serious objection to this electrode is the uncertainty attached 
to measurements made in solutions containing proteins.

The glass electrode, however, is believed to be very satis
factory. Although no comprehensive theory of its mecha
nism has yet been formulated, it has been used successfully 
under conditions where the hydrogen electrode and indicators 
would be useless (4,3). In this paper a method of making and 
using a modified Haber cell is described, and the results of 
measurements of the pH values of normal latexes are com
pared with those previously obtained by means of indicators.

Colorimetric Method

The successful use of indicators depends upon the prepa
ration of a clear serum. This was done by mixing about 
50 cc. of latex with 0.5 gram of carbon black, then filtering 
20 cc. of the mixture under a pressure of 15 Ibs./sq. in. (1.0563 
kg./sq. cm.). Probably by causing a partial coagulation of 
the rubber particles the carbon black increased the rate of 
filtration without appreciably altering the pH of the serum, 
though even under the most favorable circumstances not 
more than 2 or 3 cc. of serum could be obtained in an hour. 
The filter was made by pouring a mixture of Cellite and 
water on a filter paper in a small Buchner funnel, washing 
it with water several times by suction, and finally drying 
it at 100° C. The funnel was closed with a rubber stopper 
kept tight by two metal plates bolted together, and air- 
pressure was applied through a tube in the stopper. I t  was 
necessary to use pressure instead of suction to minimize 
loss of ammonia by vaporization, but the ammonia content 
of the filtrate was always less than would be expected when 
calculated from the results of titration of the latex on the 
assumption that all the ammonia is in the serum. The 
difference could be partly accounted for by adsorption of 
ammonia on the carbon black, but it is no doubt also due to 
adsorption of ammonia on the rubber particles.

The example of data given in Table I obtained by titra
tion of latex and the serum prepared from it by pressure 
filtration shows that this use of carbon black in pH measure
ment might be expected to give low results. That no corre
sponding difference of pH was found may be ascribed to the 
inadequacy of the colorimetric method to measure small 
changes of hydrogen-ion activity.

1 Received Septem ber 20, 1930. Presented before th e  Division of
R ubber C hem istry a t  th e  80th  M eeting of th e  American Chemical Society,
C incinnati, Ohio, Septem ber S to  12, 1930.

The pH of the serum was 
determined by the familiar 
comparator method, about 
2 cc. being required for each 
determination. I t is claimed 
that an accuracy of about 
±0.1 can be obtained by 
means of indicators, but when 
they are used with latex 
serum a more liberal allow
ance for error must be made.

Most of the available indi
cators for use in alkaline solu

tion are unsatisfactory on account of their small color change, 
and the presence of proteins in the solution under examina
tion is known frequently to cause large error. That the 
measurements were sometimes unreliable was proved when 
two indicators covering the same pH range did not agree 
even approximately, and a partial discharge of the color of 
the indicator often occurred, probably because of adsorption 
on colloidal matter. Owing to the difficulty in obtaining 
reliable results it was decided that an electrometric method 
must be used. The experimental results obtained with 
indicators and latex serum are shown graphically in Figure 1.

T a b le  I— T i t r a t io n  o f L a te x  a n d  S e ru m  by  P re s s u re  F i l t r a t io n
(33.1% solids)

O b s d .  N H j

N H j  i n  C a l c d .  N H j  N o  c a r b o n  C a r b o n
L a t e x  i n  S e r u m  b l a c k  b l a c k

% % % %
X.40 2 .1 8  1 .93  1 .75
2 . IS 3 .26  2 .7 0  2 .53

The Glass Electrode

Maclnnes and Dole (6) who have recently studied the effect 
of variation in the composition of the glass on its suitability 
as an electrode, recommend a soda-lime glass of composition 
disilicon oxide, 72 per cent; calcium oxide, 6 per cent; and 
sodium oxide, 22 per cent (Number 015, supplied by the Corn
ing Glass Company, Corning, N. Y.). This glass has been 
used to make bulbs for the electrodes in the following way: 
Electrodes 1, 2, and 3 were made by drawing out at one 
end a tube of soft laboratory glass, diameter 13 mm., to a 
diameter about 5 mm. A piece of the special glass was 
fused in the narrow end of this tube and blown into the form 
of a small bulb, strong enough to withstand the pressure of 
2 or 3 inches (5.08 or 7.62 cm.) of 0.1 N  hydrochloric acid, 
yet so thin that the resistance was surprisingly low and screen
ing was unnecessary. An ordinary Leeds and Northrup 
galvanometer was sensitive enough to allow measurement of 
the e. m. f. within 1 millivolt, which corresponds to an ac
curacy of about ±0.02 pH. The open end of the tube was 
coated with paraffin, then filled with 0.1 N  hydrochloric acid, 
and closed by a rubber stopper to prevent evaporation when 
not in use. Figure 2 shows the wiring of the arrangement 
with a diagrammatic representation of the glass electrode 
and the calomel half cell. Instead of having the rest of the 
electrode within the bulb it was combined with a 0.1 N  
hydrochloric acid calomel electrode, the side tube of which 
was lowered into the acid in the bulb when a measurement 
of e. m. f. was to be made.

J. McGavack and J. S. Rumbold

G e n e r a l  L a b o r a t o r i e s ,  U n i t e d  S t a t e s  R u b b e r  C o m p a n y , P a s s a i c , N . J .

The pH of latex has been determined at various con
centrations of am monia (1) by the use of indicators, and 
(2) by the application of the glass electrode. The two 
curves thus obtained were comparable but not iden
tical.

It is shown that the glass electrode gives results 
reproducible with a high degree of accuracy up to pH 
9.5 and a fair degree of accuracy up to pH 11.0. Above 
pH 11.0 it is necessary to calibrate each electrode. 
An ordinary galvanometer allowed m easurement of 
the e. m . f. to 1 m illivolt. The assymetry of the glass 
was so sm all as to be negligible.
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It was thought that as this bulb might consist partly 
of glass from the supporting tube it would be unsatisfactory, 
and the bulbs of electrodes 1-A, 2-A, 3-A, 4-A, and 5-A were 
blown from tubes of the special glass. However, the data 
given below show that except in strongly alkaline solution, 
electrode 3 is in good agreement with the others.

C a l i b r a t i o n  o f  E l e c t r o d e s —Sorensen’s glycine sodium 
chloride-sodium hydroxide standards were used (pH values 
at 25° C. obtained by slight interpolation of those given 
by Clark, 1).

S .43 
8 .77  
9.54 

10.30 
11.12 
11.89 
12.45 
12.74

561
593
681
751
814
870
915
931

Volt
0.3812
0.4030
0.4628
0.5103
0.5531
0.5953
0.6218
0.6325

C a l c u l a t i o n  o p  E. M. F.—The arrangement is:
Hg | HgCl, KC1 (satd.) ||soln. X  | glass | 0.1 N  HC1, HgCl | Hg

Assuming the glass surface reversible to the hydrogen-ion 
activity, this combination will be equal in potential to the 
sum of the two cells.

(A) Hg | HgCl, KC1 (satd.) ||soln. X  | H2
(B) Hg | HgCl, 0.1 JVHC1 | H2

The potential of (A) at 25° C. is
E  = 0.2458 +  0.05915 pH, (2)

and of (B), 0.3989 (5). The relation between the e. m. f. 
and the pH of solution X  is, therefore, at 25° C.:

E  = -0.1531 +  0.05915 pH,

T a b le  I I I — C o m p a r is o n  o f O bserved  w ith  C a lc u la te d  V alues  of E . M . F . 
of C ell 1

(E lectrode 3)
p H  of E E

So ln . X T heoretical Obser ved D eviation

Millivolts
8 .43 0.3455 0.3812 35.7
8 .77 0.3056 0.4030 37.4
9 .54 0.4112 0.4628 51.6

10.30 0.4561 0.5103 54 .2
11.12 0.5064 0.5531 46 .7
11.89 0.5502 0.5953 45 .1
12.45 0.5833 0.6218 38 .5
12.74 0.6004 0.6325 32.1

F ig u re  1—R e la t io n  b e tw e e n  C o n c e n tr a t io n  o f A m m o n ia  a n d  p H

M a t e r i a l s —Fifty per cent sodium hydroxide solution 
allowed to stand in a Pyrex tube till the carbonate settled. 
Portion of clear solution diluted with boiled distilled water 
and adjusted to 0.1 N. Stored in a paraffined Pyrex bottle.

Thirty-six per cent hydrochloric acid solution diluted and 
adjusted to 0.1 N  with anhydrous sodium carbonate.

Potassium chloride, sodium chloride, and glycine. Best 
obtainable materials recrystallized several times.

All rubber stoppers were boiled in sodium hydroxide 
solution, hydrochloric acid, then water.

Buffer standards of pH greater than 11 kept in paraffined 
Pyrex bottles.

The slide wire, S  (maximum scale reading 1000), used 
as a potentiometer, was proved to have a uniform resistance, 
and the voltmeter was calibrated with a standard Weston 
cell. The slide wire setting was varied to give voltmeter 
readings at intervals of 0.1 volt, and assuming a uniform 
voltage drop in the slide wire, the actual voltage was cal
culated in each case from the reading of the null point for 
the Weston cell. To determine the e. m. f. of the glass elec
trode cell the null point was first obtained, and then the 
slide wire was set to show a voltage of 0.5, corresponding 
to an actual voltage of 0.5810 when corrected by the cali
bration curve of the voltmeter. The e. m. f. was calculated 
from the readings of the slide wire at the null point and at 
0.5810 volt.

By the use of the resistance box, R, the e. m. f. range could 
be varied.

T a b ic  I I — E. M . F . of C ell w ith  B uffer S ta n d a rd s  
(Electrode 3)

p H op B u f f e r  S lid e  W ire
S tandard  R eading  a t  E. M . F . of
(Soln. X )  N ull P o in t0 C ell

The values given in Table III arc not shown graphically 
but were used to obtain the curve in Figure 1.

D e t e r m i n a t i o n  o f  pH o f  N o r m a l  L a t e x —The results 
given in Table IV were obtained with latex X-167 (total 
solids 37.9 per cent, ammonia 0.84 per cent). The ammonia 
content was varied by adding small quantities of a 24 per 
cent aqueous solution of ammonia to about 500 cc. of latex, 
and it was determined in each case by titrating against 
0.1 N  hydrochloric acid 1 or 2 grams diluted with water to 
300 cc.

° Slide wire reading a t  0.581 vo lt 855 throughout.

F ig u re  2—W irin g  o f C ell a n d  
P o te n t io m e te r

These results are plotted as a smooth curve in Figure 1. 
I t will be noticed that the “blown” latex returned to very 
nearly the same pH when ammonia was added to it, showing 
that the removal of ammonia is probably a reversible process.

I t was impossible to prevent the deposition of a film of 
rubber on the glass bulb. This did not seem to affect the 
e. m. f., but it greatly reduced the sensitivity of the gal vanome-
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tor. The bulb was, therefore, washed in ammonia solu
tion, and the rubber film could be removed by means of a 
small brush. Since it was necessary to clean the electrode 
in this way after each determination, the Haber form is better 
than the more fragile type devised by Maclnnes and Dole 
(a very thin membrane sealed on the end of a supporting 
tube).

T a b le  IV— p H  of L a te x  X-167 
(Electrode 3)

N H , S lide  W ire p H  from
per  100 G rams R eading  at C alibration

op L atex N ull P o in t“ E. M . F . C urve

Gram
LATEX BLOWN AND STIRRED FOR 2 hours

0.11 524 0 .3 5 6 8 .1 5 6
0 .2 7 660 0 .4 4 8 9 .3 5
0 .4 7 691 0 .4 7 0 9 .6 6
0 .6 1 711 0 .4 8 3 9 .8 7
0 .7 7 731 0 .4 9 7 1 0 .1 0

LATEX AS RECEIVED
0 .7 8 725 0 .4 9 3 10 .03
0 .9 3 746 0 .5 0 7 10 .2 6
1 .06 751 0 .5 1 0 10 .3 0
1 .1 5 753 0 .5 1 2 10.34
1 .5 3 771 0 .5 2 4 10.57

° Slide wire reading a t 0.581 volt 855.
6 pH  value obtained by extrapolation.

The reversibility of the electrode after use with latex was 
checked against some of the original buffers. The results 
of this test appear in Table V.

T a b le  V— S ta b i l i t y  of E le c tro d e  3
p H  o f E . M . F . o f

B u f f e r C e l l  a f t e r  U s e P r e v i o u s
S t a n d a r d w i t h  L a t e x E. M . F. C h a n g e

M illivolts
9 .5 4 0 .4 6 0 0 0 .4 6 2 8 -  2 .8

10 .3 0 0 .5 0 9 6 0 .5 1 0 3 -  0 .7
11 .12 0 .5 4 0 2 0 .5 5 3 1 - 1 2 . 9
11 .89 0 .5 9 5 3 0 .5 9 5 3 0

I t was known that the standard of pH 11.12 had probably 
changed, and neglecting the result with this solution the 
reversibility of the electrode is apparently fairly satisfactory.

Reproducibility of Electrodes

Owing to the rather fragile nature of the glass electrodes 
it is desirable that as well as being reversible they should be 
readily reproducible. The reproducibility has been ex
amined over the pH range 8.4 to 12.7. The calibration 
curves of a few electrodes (Figure 3) show that up to about 
pH 9.5 the variation is negligible. Even at pH 11.0 the 
greatest difference is still small, but in strongly alkaline 
solution the variations between electrodes which agree at 
lower pH may be large.

For accurate work above pH 9.5 it is therefore necessary 
to determine the calibration curve of each electrode, but a 
fair degree of accuracy, without recalibration, can be ex
pected up to about pH 11.0.

I t is, however, very necessary to know the composition 
of the solution under examination. The lowest curve ob
tained with glycine-sodium hydroxide buffer standards 
with a small constant concentration of sodium chloride is 
remarkably different, and the divergence begins at a lower pH.

Owing to this depression of the e. m. f. of the glass electrode 
by sodium chloride it would be better to use gylcine-sodium 
hydroxide buffer mixtures for calibration instead of Sorensen’s 
standards, but as the effect is large only at high pH, and 
Sorensen’s standards of greatest alkalinity have only a small 
concentration of this salt, the error introduced by their use 
is probably small. I t would be best to calibrate the electrodes 
with glycine-sodium hydroxide mixtures for the pH range 
8.0 to 11.0, and with sodium hydroxide solutions of known 
pH for values above 11.0.

It is the experience of the authors that up to pH 10.0 
or 11.0 most of the electrodes differed only slightly and there

is little difficulty in obtaining reliable results, but beyond 
pH 11.0 careful calibration of the electrode immediately 
before use is essential.

I t is also necessary to allow the electrodes to reach equilib
rium. Immediately after filling them with acid the e. m. f. 
is always high, and an equilibrium value is reached in about 
24 hours; the bulbs were therefore filled with acid and 
immersed in water for a day or two before they were used.

Asymmetry Potential of the Glass

The potential in the glass bulb of electrode 3 was measured 
by combining it with a 0.1 N  hydrochloric acid calomel 
electrode, both immersed in a 0.1 N  solution of the hydro
chloric acid. The asymmetry potential of the glass indi
cated by the e. m. f. of this cell was so small as to be negligible.

aô 3/? nd uHj
PH OF BUFFER STANDARD 

F ig u re  3—C a l ib r a t io n  C u rv es  o f G la ss  E le c tro d e s

Discussion of Results

In the absence of a generally accepted theory it is im
possible at the present time to decide whether the pH values 
determined by the glass electrode are strictly in accordance 
with those that would be obtained by a hydrogen electrode 
were it applicable to latex. Hughes (3) suggests that the 
glass membrane acts as a sodium acid silicate buffer which 
keeps the hydrogen-ion concentration within the glass phase 
constant. This buffer action begins to become less effective 
at about pH 9, which is the value at which Maclnnes and 
Dole find deviations begin from the hydrogen electrode. 
These authors state that when the base present is tétraméthyl
ammonium hydroxide there is only a very small deviation 
even at pH 13. Hughes ascribes the difference in action of 
the various hydroxides as probably due to greater power of 
penetrating the glass. Thus potassium hydroxide has less 
penetrating power than sodium hydroxide owing to the larger 
potassium ion, and it might be expected that tétraméthyl
ammonium hydroxide would have still less penetrating 
power owing to the large N(CH3)4 complex.

This leads to the view that the composition of the buffers 
used in calibrating the electrode should be as far as possible 
similar to the composition of the solution of which’ the pH is 
to be determined. However, in the absence of any data on 
the relative effects of sodium and ammonium ions on the 
potential of the glass electrode, the pH values recorded here 
can be considered provisionally as probably not very far 
from the true ones.

The two curves in Figure 1 are not strictly comparable 
as they refer to different latexes, but it is known that the pH 
values determined by the glass electrode are always higher 
than corresponding values obtained by means of indicators. 
The lowest parts of the curves do not differ so much, and in



January 15, 1931 INDUSTRIAL AND ENGINEERING CHEMISTRY 97

this region the indicators are more satisfactory, chiefly because 
their color change for a given increase of hydrogen-ion ac
tivity is greater. The increasing divergence between the 
curves at higher ammonia concentrations might be accounted 
for partly by loss of ammonia from the serum during filtering. 
The curves become much flatter at about 0.3 per cent am
monia; this is probably due to acidic substances in the latex.
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Spectrographic D eterm ination of A lum inum  in 
Biological A shes1

Dee Tourtellotte and O. S. Rask

D e p a r t m e n t  o p  C h e m i c a l  H y g i e n e , S c h o o l  o p  H y g i e n e  a n d  P u b l i c  H e a l t h , J o h n s  H o p k i n s  U n i v e r s i t y , B a l t i m o r e ,  M d .

IN AN investigation of the 
role of aluminum com
pounds in animal physi

ology and nutrition it became 
necessary to examine biologi
cal ashes for their aluminum 
contents. This was done by 
modifications of the spectro
graphic method as developed 
by Hartley (2), de Gramont 
(1), Meggers (4), and others.
This method is based on the 
existence of correlations be
tween low concentrations or 
quantities of an element in a 
spectral source (flame, arc, or 
spark) and the numbers and 
intensities of certain of its 
spectral lines especially its raies ultimes. I t  is quite generally 
recognized that such correlations are materially affected by a 
number of details in the spectrographic technic so that they can 
be used for quantitative estimations only when obtained under 
controlled conditions. However, the literature is lacking in 
specificity on the extent to which control is necessary. State
ments exist to the effect that methods of excitation, time of ex
posure, and plates used are among the items which effect raies 
ultimes in a spectrogram and must, therefore, be controlled in 
making quantitative estimations by the spectrographic 
method. But very little is known concerning the effects on 
raies ultimes of the containing materials and the anions at
tached to the element determined at the time of excitation, 
both of which may vary considerably and are more or less 
beyond control of the operator in estimating aluminum 
contents of biological ashes by the spectrographic method. 
The purpose of the experiments here recorded was to as
certain whether these two items, the aluminum-containing 
material and the anions or negative radicals attached to the 
aluminum at the time of excitation, possessed effects specific 
of the containing materials or attached anions, or effects 
which could be correlated with their properties like alkalinity, 
acidity, volatility, etc., or whether they possessed no effects 
whatever on raies ultimes, in which case their number and 
intensities will be due entirely to the concentration of the 
element which they represent. Publication of these results 
seems warranted since they may have application in other 
spectrographic work.

Spectrographic Equipment

S p e c t r o g r a p h —The spectrograph used was Hilger’s 
E-l. This is a quartz prism spectrograph of the Lit trow

1 Received October 16, 1930.

type which disperses the spec
trum from 1930 to 8000 A. 
over a distance of 30 inches, 
any 10-inch section of which 
may be photographed on a 4 
by 10 inch (10.16 by 25.4 cm.) 
plate. Ordinarily the desired 
portion of the spectrum is not 
longer than 10 inches, which 
can be covered in one expo
sure. The desired portion is 
obviously that which contains 
the persistent lines of the ele
ment under in v estig a tio n , 
which in this case is alumi
num. Its most p ers is ten t 
lines are 3944 A. and 3961.5 A. 
with a less persistent pair of 

lines at 3082 A. and 3092 A. On Meggers’ authority, obtained 
by the authors’ communication with him, the line 3092 A. is of 
no value in this work on account of a nitrogen line of the same 
wave length.

Spark Hook-Up—The electrical hook-up for producing 
the high tension spark consisted of a 1.0-kilowatt step-up 
transformer, ratio 1:200, a variable resistance in series with 
the primary, a 0.02-microfarad condenser across the secondary, 
and a self-induction coil in series with the secondary. The 
variable resistance reduced the primary voltage—i. e., the 
house current from 118 to 90 volts—which voltage prevented 
overloading the transformer. The self-induction coil, consist
ing of 250 turns of No. 20 gage insulated wire on a cardboard 
tube 5.5 cm. in diameter, served to smooth out the spark 
discharge and in that way diminished the intensity of the 
air lines which otherwise would have been present in the 
spectrum.

Arc Hook-Up—The arc was produced by a 220-volt direct 
current with a 30.9-ohm resistance in the circuit. This 
resistance had a carrying capacity of 4‘A amperes. While 
a direct current supply of 150 volts is Sufficient to maintain 
an arc between any metallic electrodes, it is highly desirable 
to use voltages higher than this on account of the fact that 
arcs between electrodes of material possessing good thermal 
conductivity tend to extinguish easily.

E l e c t r o d e s  a n d  E l e c t r o d e  H o l d e r s —The electrodes 
used exclusively throughout this work were special aluminum- 
free copper rods 5 mm. in diameter, supplied as electrodes for 
this purpose by Hilger. For the spark procedure they were 
held in a Hilger F 449 adjustable holder in which they were 
adjusted vertically with respect to one another so that the 
gap between their points was 7 to 8 mm. The upper elec
trode was pointed by about a 45-degree taper and the lower

The principles of the spectrographic m ethod of 
analysis are discussed and a critical study made of the 
spectrographic m ethod of qualitative and quantitative 
analysis w ith special reference to effects on accuracy 
and sensitivity of individual radicals and radical m ix
tures present in the alum inum -containing salts and 
salt mixtures, and relative m erits of the arc and con
densed spark methods of excitation.

Modifications are developed of the spectrographic 
m ethod of quantitative analysis involving both arc 
and condensed spark m ethods of excitation.

Tests have been made of the effects of volatility of 
alum inum  compounds on the spectral excitability of 
the alum inum  they contain.

Alum inum  has been determined in a number of 
biological materials using spectrographic technics 
developed in this investigation.
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electrode was drilled to a depth of 4 mm. with a W inch 
(0.356-cm.) drill. The resulting hole has a capacity for 
20 to 30 mg. of ash material which is considerably more than 
that used up by the spark in one minute.

In the arc procedure the electrodes were held vertically in a 
Gaertner arc electrode holder provided with rack and pinion 
which allowed simultaneous adjustment of the electrodes for 
striking the arc, followed by simultaneous separation, thereby 
maintaining stationary the center of the gap. An arc 2 cm. 
long was necessary to eliminate the continuous spectrum of 
the incandescent electrode tips. The lower electrode was 
drilled in the same manner as for the spark, while the upper 
electrode was left unpointed. Since the positive pole of an arc 
is the hotter, presumably because of bombardment by elec
trons from the cathode, better results are obtained by making 
the lower electrode, which contains the sample, the positive 
pole.

P l a t e s  a n d  D e v e l o p e r —The selection of the photo
graphic plates will obviously vary with the region to be photo
graphed, the source of light, the exposure, and the width of 
slit. The work in this investigation was confined to the short 
visible and near ultra-violet region of the spectrum for which 
Eastman 33 and 36 plates were found satisfactory. The 
choice between these two plates depended mainly on the 
width of slit used, the 33 plate being preferred and used for a 
0.05-mm. slit, and the 36 plate for a 0.03-mm. slit. In the 
case of either plate the exposure was 60 seconds for the spark 
and 15 seconds for the arc.

The plates were developed in a lantern slide formula of 
elon-hydroquinone selected for its strong contrast effects.

Spectrographic Technic
The spectrograph is first adjusted for the visible portion 

of the spectrum by the required rotation and focus of the 
prism. The slit is then opened to the width of about 1 mm., 
and its middle portion exposed by means of the Hartmann 
diaphragm. Then the light source, arc or spark, is adjusted 
laterally and vertically at a distance of about 30 cm. from 
the slit so that the electrode tips can be seen in the center 
of the lens field of the spectrograph, after which the slit is 
closed to a width of about 0.03 mm. and the cylindrical 
quartz lens interposed between the light source and slit, 
and adjusted so as to focus the light as sharply as possible 
on the slit.

In all experiments the Hartmann diaphragm was used. 
This sliding diaphragm has three apertures which allow the 
use of three successive portions of the same slit for photog
raphy of three comparison spectra without liability of 
lateral displacement of the spectral lines. The image in 
passing through the optical system of the spectrograph be
comes inverted. Therefore, all spectra were made in 1, 2, 3 
order from bottom to top on the diaphragm to give 1, 2, 3 
order from top to bottom on the plate. The 1, 2, 3 order 
on the plate consisted of: (1) control spectrum of cleaned 
electrodes, (2) spectrum of sample, and (3) addition of ele
ment in question as a means of locating the lines, in this case 
the lines of aluminum.

The electrodes for the spark technic are easily cleaned 
with 10 to 15 per cent hydrochloric acid. The upper elec
trode can be used throughout a series of exposures without 
removing and can be cleaned in position by immersing in the 
acid and rinsing with a stream of distilled water from a wash 
bottle. The lower electrode must be removed for cleaning, 
which must be very thorough for each succeeding spectro
gram. The same general procedure was followed for cleaning 
the arc electrodes, except that a more reactive acid must be 
used because the higher temperature of the arc tends to 
fuse the tips of the electrodes so that they may occlude some 
of the aluminum contained in the previous sample. Cold

25 per cent nitric acid was used for cleaning the arc electrodes, 
care being taken to confine the more vigorous reaction to the 
tips. After such cleaning the lower electrode was redrilled, 
an operation which not only served to reshape it but also to 
cut away any contaminating material not removed by the 
cleaning acid.

Experiments

Arc and spark spectrograms were prepared of a series of 
salts and salt mixtures containing aluminum in concentration 
from 0 to 1000 p. p. m. The individual salts used for this 
purpose were: sodium acid sulfate, sodium sulfate, mono
basic sodium phosphate, tribasic sodium phosphate, and 
sodium chloride.

The mixtures used were:

Mixture 1—Tricalcium phosphate, 2 parts; ortliopotassium 
phosphate, 3 parts; sodium sulfate, 1 part; magnesium sulfate, 
1 part.

Mixture 2—Orthopotassium phosphate, 1 part; potassium 
sulfate, 1 part; tribasic sodium phosphate, 1 part.

Mixture 3—Tricalcium phosphate, 1 part; magnesium sulfate 
(MgS0,.7H20), 1 part.

In preparing the several series of aluminum concentrations 
in the above salts and salt mixtures, the calculated volume of 
an aluminum ammonium sulfate, Al2(SOi)3(NH();SOi.-
2411,0, solution containing 0.01 to 0.1 per cent of the element 
aluminum was in each case added and mixed into the re
quired weight of the salt or salt mixture contained in a 
50-cc. Pyrex beaker. For example, in preparing a con
centration of 5 p. p. m. of aluminum in any of the above 
salts, 1.0 cc. of a 0.01 per cent solution of aluminum in the 
form of the aluminum ammonium sulfate was added and 
mixed into 2 grams of the salt contained in a 50-cc. Pyrex 
beaker. The material was then dried at 110° C. Just 
previous to spectral excitation the material was pulverized 
and mixed again by means of a cleaned copper electrode.

The single salts represent the anions as variables and in 
combination with a common cation—viz., sodium. Mixture 1 
was composed to represent a biological ash. Its composition 
approximates that of biological ashes. Mixture 2 is intended 
to show the effects of cations of the first group of the periodic 
system, the members of which have low ionization potentials. 
Mixture 3 represents cations of the second group of the 
periodic system. These have somewhat higher ionization 
potentials than those of the first group.

Spectrograms were prepared of these mixtures by the 
technic already described. The results are given in Table 
I, in which the conventions used denote the following line 
intensities:

Completely invisible by lens...............................................  —
Questionably visible by lens or of same intensity as

electrode control.................................................................. =*= ?
Visible by the aid of the lens...............................................  =•=
Visible to naked eye as a light line (without the aid of

the lens)................................................................................ +
Visible to naked eye as a heavy line (without the aid of

the lens)................................................................................ +  +
Sufficiently heavy to cause a fogged line........................  +  +  +

A study of Table I shows that in practical use correlations 
between aluminum concentrations and aluminum lines are 
unaffected by the radicals which constitute the aluminum- 
containing materials.

As has already been stated for the above aluminum-contain
ing salt mixtures, the aluminum, in the form of very dilute 
solutions of aluminum ammonium sulfate containing 0.01 
and 0.1 per cent of the element aluminum, was added and 
mix<5d into a weighed quantity of the salt mixture which was 
then evaporated to dryness at 110° C. previous to arcking or
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T a b le  I— E ffec t o f A n io n s  o n  C o rre la tio n  b e tw e e n  S p e c tra l E ffects 

a n d  A lu m in u m  C o n c e n tr a t io n  In  S o d iu m  S a lts

S a l t

A l u m i n u m
C o n c e n t r a t i o n

A r c S p a r k

F resh“ 
Ash tissue 

basis basis
3082 3944 3961.5 

A .  A .  A .

3082 3944 3961.6
A .  A .  A .

N a H S C U
P .  P . m .  
C ontrol 

25 0 .2 5  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0

+  +
+  +  +  +  

*  +  4- 
+  + +  +  +  
+  + +  + +

_  4 .  4 .
_  4 .  4 .
_  4 -  4 .  
da 4 -  4 .
4 .  4 . 4 .  4 . 4 .

N a tS O * Control 
25 0 .25  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0

—  ds

—  +  +
*  +  +

+  4- 4 - 4- +

~  da +  
-  +  +
—  da 4 -
—  d , 4 .
da 4 -  +

N aH tP04 Control 
25 0 .25  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0

=*? 4-  4-
—  *  4- 

+  +  
=*? +  +  
sia ? da -j-

■*>? +  4-

—  —  da
-  *  +
—• d a  da

- 4- 4*
—  4 .  4 .

4- 4- 4- 4-

Na*PO< Control 
25 0 .25  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0

—  •** +
-  +  4- 
■ * ■ 4- 4-
*  +  4- 

+  +  +  +

—  da 4 -
—  da 4 .
—  da 4 .
—  —  da

N aC l Control 
25 0 .25  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0

—  —  =ta 

*  +  +
*  +  +
*  + +  4- 4-
■** 4- 4-  4*4-

—  da 
da 4 -

Î  f t+  4- +  -
- 4- 
h +

M ixture 1 C ontrol 
5 0 .05  

10 0 .1  
20 0 .2  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0  

1000 10 .0

—  —  da
—  —  da
—  —- stj
—  —-  da
—  da +
—  +  4"
_ 4- 4- 
- ?  +  +  +  
*  +  + +

—  —  ?
—  —  da
—  da da
—  a , 4_
—  da 4 -

da? 4 -  4 .

* ?  4- 4- 
rf, 4 .  4 - 4 -

M ixture 2 Control 
5 0 .05  

10 0 .1  
20 0 .2  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0  

1000 10 .0

—  —  d*
_  _  sta
—  da? -f"
—  da -f. 

+  +  
+  4*

—  4-  4*
d , 4 _  4 .

—  —  da ?
—  —  da

—  -  +
-  4-
-  -  4-
-  —  4-  
■*■? +  +  
*  4-  4-
-  +  4-

M ixture_3 Control 
5 0 .05  

10 0 .1  
20 0 .2  
50 0 .5  

100 1 .0  
200 2 .0  
500 5 .0  

1000 10 .0

—  —  da?
—  —  da
—  d s? 4*
— da ? 4 -  

da 4 .
da 4 -  4 -
da 4 -  4 -

+  4- 4 -  
4 - 4 -  + +  4 - 4 -

—  —  =tï 7
—  _  da 
_  —  da

— -  +
— — 4 -
— — 4-
ds ? da 4 ”
da 4 -  4 -
da 4 -  4 -

° Fresh tissue containing abou t 1 per cent ash.

sparking. Accordingly, the aluminum itself must have 
existed in the form of a salt of the predominating anion in the 
mixtures. Since these anions showed no effect on the re
lationship or correlation between aluminum concentration 
in the spectral source and spectral results—i. e., aluminum 
lines—it may also be concluded that the anion attached to 
aluminum itself has no effect on this relationship. However, 
in order to confirm this conclusion, arc and spark spectra were 
prepared of 1.0, 0.1, 0.01, and 0.001 mg. of aluminum in
troduced into the spectral sources (the arc and the spark) 
as chlorides in one series, as oxides in another series, and as 
phosphates in a third series. Correlations in the resulting 
spectrograms were then compared. The experimental pro
cedure in this comparative study was as follows:

A l u m i n u m  C h l o r i d e  S p e c t r o g r a m s —A  series of alumi
num chloride solutions were prepared containing, respectively,
1.0, 0.1, 0.01, and 0.001 mg. of the element aluminum per 
0.05 cc. (one drop) of solution. Arc and spark spectrograms 
were prepared of the residues of one drop of each of these 
solutions. The one-drop residues were obtained in the cup

of the lower electrode by introducing one drop of the solution 
into the cup and then evaporating its water content by holding 
the electrode vertically in one hand and playing a small flame 
of a micro burner along the side of the electrode by means of 
the other hand until evaporation became visible. The flam
ing was always stopped before the upper portion of the elec
trode became too hot to be held in the bare hand. In that 
manner an evaporating temperature higher than 70° or 75° C. 
was avoided. At such temperatures the drop evaporated 
to apparent dryness in less than 2 minutes and presumably 
without any decomposition of aluminum chloride. The 
spectrograms of the one-drop residues prepared in this manner 
are recorded in Table II in which they are identified as 
aluminum chloride spectrograms.

A l u m i n u m  O x i d e  S p e c t r o g r a m s —The above aluminum 
chloride solutions were used as sources of aluminum in pre
paring arc and spark spectrograms of the corresponding or 
same quantities of aluminum in form of the oxide. The 
experimental technic was the same as that followed in pre
paring the above aluminum chloride spectrograms except 
that one drop of concentrated ammonia was added to each 
of the several one-drop residues of the aluminum chloride 
solutions just before these residues reached complete dry
ness in the holes of the lower electrodes. The evaporation was 
then continued and completed with the necessary precautions 
to prevent spattering, after which the upper end of the elec
trode was heated nearly to a dull redness in order to render the 
residue chloride-free, in which condition it was then ex
cited. The spectrograms of these residues are recorded and 
identified in Table II as aluminum oxide spectrograms.

A l u m i n u m  P h o s p h a t e  S p e c t r o g r a m s —In preparing arc 
and spark spectrograms of the same quantities of aluminum 
in the form of the phosphate, the source of aluminum was an 
aluminum phosphate solution in 7 to 8 per cent phosphoric 
acid which contained 1.0 mg. of aluminum per 0.05 cc. 
(one drop) of solution. From this solution dilutions were 
made containing, respectively, 0.1, 0.01, and 0.001 mg. of 
aluminum per 0.05 cc. of solution. Water was used in making 
these dilutions so that the original 7 to 8 per cent phosphoric 
acid was diluted correspondingly. One-drop residues of 
these solutions were prepared in the cup of the lower elec
trode in the same manner as that followed in the case of the 
chloride solutions except that the residues from the original 
undiluted solution, that containing 1.0 mg. of aluminum 
per 0.05 cc. of undiluted 7 to 8 per cent phosphoric acid, were 
heated nearly but cautiously to dull redness previous to 
excitation. The spectrograms of these residues are recorded 
and identified in Table II as the aluminum phosphate spectro
grams.
T a b le  I I— E ffec t of F o rm  of C o m b in a t io n  o f A lu m in u m  o n  C o rre la 

t io n  b e tw e e n  S p e c tra l  E ffects  a n d  A lu m in u m  C o n c e n tr a t io n

S a m p l e 3082 A 3944 A. 3961.5 A.

a r c AlCli AliOj AlPOi A1CU AUOi > P A1CU AlsOt > S 9

Mg.
afa? da? * ? da + + + da 4-
da? da + + + 4” 4- 4*

+  + +  + + +
Î Î

4- 4- 4-4-
1 . 0 4-4- +  + +  + +  + +  + +  + 4-4* 4-4-

SPARK

0 . 0 0 1 4- + + + + + 4- 4- 4-
0 . 0 1 4- + + 4- 4* 4-
0 . 1 + 4- + + + 4-4- 4- 4-
1.0 4-4- + + +  + +  + +  + 4-4- 4- 4- 4.4- 4- 4-

An inspection of Table II shows that chlorides, oxides, 
and phosphates of aluminum produce equivalent correlations 
between aluminum lines and quantities of the element alumi
num in the spectral source excited by either the arc or the 
spark. The results in these tables, therefore, warrant the 
conclusion that the negative radical attached to aluminum
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in the spectral source at the time of excitation does not 
affect the correlations between the quantities and presumably 
also the concentrations of aluminum in the spectral source, 
and the aluminum lines in the resulting spectrograms. Ac
cordingly, the numbers and intensities of the aluminum 
raies ultimes are due entirely to the quantity or concentration 
of aluminum in the spectral source and independent of the 
radicals attached to the aluminum.

The view has been expressed that the excitability of the 
aluminum spectrum may vary with the volatility of the 
aluminum compound in the spectral source—that is, with 
the volatility of chemical form or combination in which alumi
num is excited, whether excitation be by the arc or by the 
condensed spark. Accordingly, the aluminum spectrum will 
be very readily and completely excited when the aluminum is 
present in the spectral source in the form of a volatile com
pound like aluminum chloride, and will escape excitation 
more or less entirely when the aluminum is present in the 
spectral source in form of a relatively non-volatile compound 
like aluminum phosphate. However, the results in Table 
II also show that volatility of the form in which aluminum 
occurs in the spectral source does not affect or determine the 
sensitiveness of the spectrographic method for detecting 
the presence or absence of small amounts of aluminum either 
by the arc or spark methods of excitation. In connection 
with these tests it is a well known fact that hydrated alumi
num chloride when heated to dryness yields the non-volatile 
oxide of aluminum.

The sensitivity of the method is demonstrated by the 
extremely small quantities of aluminum detected by either 
the arc or the spark as shown by the data in Table II, and by 
the extremely low concentrations of aluminum which are de
tected in the salt mixtures. In these materials 5 p. p. m. 
of aluminum were sufficient to produce the aluminum line
3961.5 A. This concentration is equal to 0.05 p. p. m. 
of aluminum of fresh biological tissue of which the ash is 1 per 
cent. An ash content of 1 per cent has been assumed in 
computing p. p. m. of aluminum on the basis of fresh tissues. 
The data contained in the above tables show both from the 
standpoint of sensitivity and quantitative correlations that 
the arc and spark agree very well over the range investigated.

Determination of Aluminum in Biological Material

In ascertaining the presence or absence of an element so 
common in its occurrence as aluminum, more than ordinary 
cleanliness was exercised. Such cleanliness was practiced 
throughout the entire procedure, including the isolation or 
the dissection of the biological sample. Materials such as 
potatoes were thoroughly washed in distilled water and peeled 
twice with a nickel-plated knife which had been washed in 
distilled water. The potato was washed between peelings 
and again before placing in the cleaned silica dish for ashing.

Equally extreme precautions were exercised in the collec
tion of rat organs. The thorax and abdomen were skinned 
from a mid-line incision, using care to keep hair and foreign 
material from the exposed abdomen and thorax. The ab
domen and thorax were then opened with nickel-plated in
struments previously cleaned in distilled water. The organs 
were removed with clean instruments and washed in a stream 
of distilled water before being placed in the clean silica 
dishes.

Eggs were washed in distilled water and dried with filter 
paper before breaking into clean Pyrex beakers. The samples 
represent homogeneous mixtures of white and yolk obtained 
by whipping the egg in the beaker with a glass rod.

Isolation or dissection of the material for analysis was 
followed immediately by its ashing, which served the purpose 
of concentrating the sample by removal of the organic matter.

All samples were ashed by a technic which was essentially 
the same as that described by McCollum, Rask, and Becker
(S). The material was ashed in silica dishes supported on 
silica or nichrome triangles over Bunsen flames. In all 
cases the material was ashed in the shortest possible time in a 
room with little disturbance to avoid as completely as pos
sible contamination by dust.

I t was impossible to obtain carbon-free ashes from animal 
tissues. An attempt was made to bum the carbon completely 
by passing a stream of oxygen through a specially bent silica 
tube into the ash mixture at different stages of the ashing 
process, the ashing being carried out in silica crucibles or 
beakers of about 50 cc. capacity. The oxygen was pre
viously purified by passing through a wash train of con
centrated sulfuric acid. I t was found that the combustion 
could not be controlled in such a procedure and this experi
ment resulted in a fusion of the ash to the silica dish. Even 
though the carbon was completely burned, the procedure had 
to be abandoned on account of the fusion.

The ash was therefore subjected to the spectrographic 
technic as already described. Both arc and spark spectro
grams were prepared of most ashes, so that results obtained 
by each method of excitation could be compared with the 
results obtained by the other method of excitation.

T a b le  I I I — S p e c tra l  E ffects  w ith  A lu m in u m  C o n c e n tr a t io n s  in  
V a rio u s  B io lo g ica l M a te r ia ls

A rc S park

3944
A.

3 9 6 1 .5
A.

A lum inum  
concentra

tion  in  
fresh tissue

Alum inum  
concentra

tion  in 
fresh tissue

M a ter ia l 3944
A.

3 9 6 1 .5
A.

P. p. m. P . p. m.
R at« + + 0 .5  to  1.0 — rft 0 .0 5

+ + 0.5  to  1.0 — db? 0 .0 5
+ + 0.5  to  1.0 — sfa? 0 .0 5
+ + 0.5  to  1.0 — 0 .0 5
+ + 0 .5  to  1.0 — =fa? 0 .0 5
+ + 0 .5  to  1.0 — db 0 .0 5
da + 0 .5 — =fa? 0 .0 5
ds + 0 .5 — =**? 0 .0 5
=b + 0 .5 — sfa? 0 .0 5
rfa + 0 .5 — =fa? 0 .0 5
da + 0 .5 — da? 0 .0 5
da + 0 .5 — sfa? 0 .0 5
“ 0 .0 5 — — 0

E gg db + 0 .5 _ sfa? 0 .0 5
__ da 0 .2 — ztt ? 0 .0 5
__ + 0 .5 — =b? 0 .0 5

+ 0 .5 — da? 0 .0 5
_ + 0 .5 — =fa? 0 .0 5
db + 0 .5 — da? 0 .0 5
- 0 .0 5 — “ 0

T hyroid + + 2 .0
+ + 2 .0
+ 2 .0

P otato _ 0 .0 5 — da 0 .0 5
— =±*? 0 .0 5 — da 0 .0 5
_ — 0 .0 5 — db 0 .0 5
— ? 0 .0 5 — — 0
— -fa ? 0 .0 5 — — 0
— da? 0 .0 5 _ — 0
— =fc? 0 .0 5 — — 0
— =±i? 0 .0 5 — _ 0

da? 0 .0 5 — da 0 .0 5

Carrot - =±a? 0 .0 5 - sfa 0 .0 5

N u t - =*3 0 .0 5 - - 0

a Each ra t  is represented by  its  liver, kidneys, spleen, and  testes or 
ovaries.

Table III contains the results of the spectrographic deter
minations of aluminum in biological materials. The arc and 
spark lines are recorded separately and in terms of the conven
tions defined above. The lines obtained by each method 
of excitation have been translated into the parts of aluminum 
per million of fresh tissue which they represent according to 
the respective arc and spark standard spectrograms given in 
the last three parts of Table I.

Rat viscera as listed in Table III consist of the combined 
liver, kidneys, spleen, and testes or ovaries of one adult and
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apparently healthy rat raised on stock diet. The arc method 
of excitation shows 0.5 to 1.0 p. p. m. of aluminum in the 
viscera of six rats; not more than 0.5 p. p. m. of aluminum in 
the viscera of six other rats and less than 0.05 p. p. m. of 
aluminum in the viscera of one rat. The spark method of 
excitation resulted in only a faint image of one single line,
3961.5 L ,  in each of these same thirteen sets of rat viscera. 
This weak spectral effect represents, according to the spark 
standards, only 0.05 p. p. m. of aluminum. Such a difference 
between the results of the arc and spark methods of excitation 
is inconsistent with the results of these two methods of ex
citation obtained on the aluminum standards listed in the 
second section of Table I. As shown by this data, the arc 
and spark methods of excitation produce lines equivalent to 
one another in each of the aluminum standards containing 
the same concentration of aluminum over the range from 
0 to 1000 p. p. m. of aluminum and the same variations in 
aluminum lines with variations in aluminum concentrations 
over this range, indicating that no differences exist between 
the arc and spark methods of excitation either in sensitivity 
or in correlations with aluminum concentrations. However, 
the lower concentrations of aluminum indicated in rat viscera 
by the spark method of excitation suggest that this method of 
excitation is for some reason not applicable to the ashes of 
rat viscera, or rather to the ashes of rat viscera in the condi
tion in which they were excited.

The egg samples represent individual whole eggs, exclusive 
of shell, obtained from different markets on different days. 
The arc method of excitation shows a concentration of not 
more than 0.5 p. p. m. of aluminum in five of the egg ashes 
listed in Table III, a concentration of approximately 0.2 
p. p. m. of aluminum in one of the two remaining egg ashes, 
and less than 0.05 of aluminum in the other. The spark 
method shows a concentration of aluminum of less than 0.05 
p. p. m. in all seven of these same egg ashes. Accordingly, 
the spark method of excitation also shows lower concentra
tions of aluminum in egg ashes than does the arc method, 
although the differences between the two methods of excita
tion are not quite so large in the case of egg ashes as in the 
case of the ashes of rat viscera.

The ten potatoes listed in Table III are samples of medium
sized potatoes purchased on different days from five or six 
different markets. The one carrot listed in the table was a 
sample of a medium-sized apparently healthy carrot prepared 
as previously described. The walnut listed in the table 
represented the meats of four apparently healthy English 
walnuts prepared with the same precautions. All of these 
twelve samples show practically the same concentrations of 
aluminum by both the arc and spark methods of excitation. 
These concentrations are less than 0.05 p. p. m. in nine of the 
ten potatoes, and approximately 0.05 p. p. m. in one potato, 
the carrot, and the walnut.

The main purpose of the data in Table III was to ascertain 
the width and the abundance of the distribution of aluminum 
in biological matter. For such purposes these data may seem 
limited, due to the limited number of materials examined. 
However, the variety and the character of the materials are 
such as to warrant the conclusion that the concentrations of 
aluminum in biological matter must invariably be very low.

Tha nature of the spectrographic method of analysis is 
such that error seems possible only in one direction, that of 
producing aluminum lines when little or no aluminum is 
present in the sample, in which case aluminum lines will be 
due to aluminum from outside sources such as atmospheric 
dust introduced during the ashing process. Such errors are, 
to say the least, highly probable, due to the wide spread 
occurrence of aluminum and to the small amount ncesssary to 
produce aluminum raies ultimes. On the other hand, it is in
conceivable that aluminum actually present will ever fail to

produce aluminum lines when excitation is properly done. 
If it is assumed that errors in the spectrographic detection or 
estimation of aluminum will invariably be one-sided in the 
above manner, then the lowest concentrations reported in 
Table III will be the more nearly correct ones. The writers 
are inclined to this view as a result of 2 years’ experience with 
spectrographic methods of quantitative analysis.

No complete or otherwise satisfactory explanation is 
available for the above observed inconsistencies in the rela
tion between the performances of the arc and spark methods 
of excitation. The lower concentrations of aluminum indi
cated in rat viscera by the spark may have been due to un
burned carbon which was always present in their ashes, since 
potato ashes, on which the two methods agree more nearly, 
were practically free from carbon. Carbon was also, of 
course, completely absent from the aluminum standards in 
which the two methods gave identical results. Carbon par
ticles might tend to occlude any aluminum present which 
would be liberated by burning of the carbon at the high tem
perature of the arc. Apparently, therefore, the spark method 
of excitation is not applicable to ashes containing unburned 
carbon, whereas the arc method is. Further experimental 
work is required to explain these inconsistencies.

Alum inum  in Chemically Pure Reagents

In connection with this study arc spectrograms were pre
pared of a number of c. p. labeled inorganic salts. The 
salts were selected from unopened bottles which gave no 
declaration of aluminum on the label. Salts whose labels 
declared the presence of aluminum were specifically excluded 
from the test. The results are recorded in Table IV and 
show that in the case of such highly purified products as 
chemically pure reagents detectable amounts of aluminum 
may occur in a large percentage of the samples, in this case 
about 50 per cent.

T a b le  IV— A lu m in u m  raies u l t im e s  P ro d u c e d  b y  C. P . L ab e led  
R e a g e n ts

S a m p l e

A r c

3944 A . 3901.5 A .

L ithium  sulfate — ab

Sodium sulfate — da

Sodium  thiosulfate — —
Sodium  iodide — da

Potassium  n itra te — —
Potassium  sulfate — —
Potassium  chloride sis +
Cupric chloride + +
M agnesium  chloride — —
Calcium phosphate —
Barium  carbonate — da?

M anganous sulfate —
M anganous chloride — +
Ferric phosphate — +
Ferrous am m onium  sulfate — —
Ferrous chloride — * ?
Nickel chloride + 4*

Conclusions

The spectrographic method of analysis is capable of de
tecting the presence of 5 p. p. m. of aluminum in all of the 
several kinds of salts and salt mixtures on which the sensi
tivity of the spectrographic method was tested.

The spectrographic method of analysis will determine 
quantitatively, with an error of ±25 per cent, concentrations 
of aluminum ranging from 0.5 to 1000 p. p. m. in inorganic 
materials, including biological ashes.

The arc and the condensed spark methods of excitation 
appear to be equally satisfactory when applied to the several 
salts and salt mixtures used in this investigation as aluminum- 
containing materials. These two methods of excitation also 
appear to be equivalent to one another for determining 
aluminum in certain biological ashes, but in other biological
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ashes, especially those containing unbumt carbon, the arc 
method seems more sensitive and the spark less so. The 
presence of carbon seems to reduce the sensitiveness of the 
spark method of excitation but not the sensitivity of the arc 
method, so that the spark is not so satisfactory in its appli
cability to biological ashes containing unburnt carbon, as 
the arc.

There is no noticeable relationship between the volatility 
of the form in which aluminum occurs in the spectral source 
and the sensitivity of its spectrographic detection either 
by the arc or the condensed spark methods of excitation.

Chemical composition of aluminum-containing salts and

salt mixtures does not affect correlations between aluminum 
concentrations and spectral effects. That is, these correlations 
are independent of the composition of the aluminum-con
taining salts or salt mixtures.

About one-half of the c. p. labeled reagents examined con
tained traces of aluminum detectable by the spectrographic 
method.
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A Mill for Small Samples1
W. H. Cook, E. P. Griffing, and C. L. Alsberg

F o o d  R e s e a r c h  I n s t i t u t e  a n d  D e p a r t m e n t  o p  C h e m i s t r y ,  S t a n p o r d  U n i v e r s i t y , C a m p .

For this purpose a mill was designed on the general cutting 
principle of the Wiley laboratory mill (2), but many modifica
tions in construction were necessary because of the greatly 
reduced size. A rapid shearing effect is obtained by the ac
tion of a hard tooled steel knife with four blades keyed to a 
shaft, cutting against one blade of tooled steel placed in the 
wall of the grinding chamber. The rotating knife also serves 
to keep the material in motion, and when it has been ground 
sufficiently, aids in its discharge through a screen in the 
bottom of the chamber.

Dimensions

The main body of the mill, as diagramed in Figure 1 and 
pictured in Figure 2, consists of a cast-iron block 2 inches 
square and 4 inches long, 31/» inches of which are occupied 
by the bearing for the half-inch shaft. The front half inch

1 Received N ovem ber 7, 1930.

F ig u re  2—M ill fo r  S m a ll  S a m p le s

mitting one to see the grinding operation. Around the 
shaft at the opposite end from the grinding chamber is a ball 
bearing to take out sideplay and prevent wearing due to 
the high speed of the mill. The rest of the shaft between the

THE elaborate system of microanalysis developed by 
organic chemists for the analysis of homogeneous 
material has been largely inapplicable to biological 

solid materials, owing to the difficulty of grinding and sam
pling a micro-quantity of such material without loss of sub
stance or moisture. The authors were confronted with the 
problem of analyzing individual wheat leaves, necessitating 
the use of semi-microchemical methods, and the preparation of 
this material for analysis required a grinder capable of re
ducing small quantities of substance without loss. The 
grindingjof such material is extremely difficult because of its 
fibrous nature.

forms the grinding chamber which is l 1/« inches in diameter, 
and the rotating knife, H, keyed to the shaft, J, occupies 
about three-quarters of its capacity. The length of the 
rotating blades from the center of the shaft is Vi inch. The 
stationary blade, G, is attached to the wall of the chamber 
in such a manner as to allow different clearances between 
the blades, or to take up wear from sharpening. A brass 
tube,£, t/ib inch in diameter leads into the top of the grinding 
chamber for introducing the material, and is closed during 
grinding by means of a solid brass piston, A, which is pinned 
to prevent its dropping on the knife during grinding. The 
bottom of the chamber is formed by a copper drawer, K, 
which acts as a receptacle for the ground material. The top 
of the drawer consists of a piece of mesh of the desired size, 
Vie by lI/«inch in dimension. The sides of the drawer slant 
to a narrower base to prevent the drawer from dropping out, 
and a snug fit to the main frame keeps the ground material 
from sifting out during grinding. The front face of this 
drawer is open to permit removal of the sample and is closed 
during operation by the plate glass front of the grinding 
chamber. This glass door fits tightly by being ground to 
fit brass guides fastened to the main frame, and allows easy 
access to the grinding chamber for cleaning, as well as per-

Elevation P l a n -
F ig u re  1—M ic ro -G rin d in g  M ill
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ball bearing and grinding chamber is surrounded by babbitt 
metal. I t  is lubricated by vaseline through a hole in the 
center of the bearing and is driven by a 1-inch pulley attached 
to the end opposite the grinding chamber.

Operation

One of the difficulties encountered in early trials was that 
of keeping the material in motion. The small size of the 
rotating knife made it necessary to drive the mill at the rate of 
5600 r. p. m. to give sufficient surface speed to keep the 
material agitated. A plug of metal (not shown in Figure 1) 
to fill in the angle between the wall of the grinding chamber 
and the stationary blade helped to prevent the material from 
gathering at that point. The use of more than the one sta
tionary blade in the wall of the chamber in order to increase 
the cutting speed of the mill is impossible due to the tendency 
of the material being ground to gather on the top of the blade. 
A slightly eccentric collar was placed on the shaft at the pulley 
end to furnish enough vibration to ensure that the finely 
ground material would pass through the sieve.

Since a temperature increase during grinding might be 
detrimental to the material by causing moisture loss, etc., 
the mill was provided with a water-cooling system surround
ing the shaft. So far it has been unnecessary to use it, as the 
large bulk of iron in the main body of the mill tends to take up 
and conduct away the small amount of heat developed.

A second experimental mill made with a smaller body did 
need a water-cooling system to prevent overheating. A 
nickel-plated brass face was used for that portion containing 
the grinding chamber.

This grinding mill has been found very satisfactory for 
grinding small samples of material difficult to grind. In 
grinding wheat kernels it is necessary to break them up in a 
mortar to prevent them from tearing the copper mesh by 
hitting it too suddenly. I t is better to cut leaves, also, into 
rather small pieces convenient for loading. The capacity 
of the mill is about five to eight kernels of wheat or several 
wheat leaves at one charge, and the operation can be per
formed practically without loss of material, with proper pre
cautions, so that a representative sample may be obtained 
for microanalysis. I t is rapid in operation. At an operating 
speed of 5600 r. p. m. and a clearance of V2000 inch between 
the rotating and stationary blades, a single charge of material 
is reduced to pass an 80-mesh sieve in from 3 to 4 minutes. 
The simplicity and accessibility of the grinding chamber 
permits thorough and rapid cleaning between samples. The 
homogeneity of ground wheat leaves or kernels has been 
demonstrated by more than 200 analyses for total nitrogen 
content, successive 20-mg. samples having been found to 
check within a few hundredths of 1 per cent of nitrogen. 
Analyses were made according to the ter Meulen and Hes- 
linga hydrogen method (1).

The Arthur H. Thomas Company of Philadelphia has de
signed and is about to place on the market a micro-grinding 
mill involving the main principles of construction of the 
mill described in this article.

Literature Cited
(1) M eulen, ter, and Heslinga, “ Neue M ethoden der organisch-cheraischen

Analyse," Akademische Verlagsgesellschaft, 1927
(2) Wiley, I n d . E n o . C h u m . ,  1 7 ,  304 (1925).

D eterm ination  of A lum inum  in Ferrochrom ium  
and C hrom ium  Metal1

Thos. R. Cunningham

U n i o n  C a r b i d e  a n d  C a r b o n  R b s b a r c h  L a b o r a t o r i e s , I n c . ,  L o n o  I s l a n d  C i t y , N. Y.

IN THE following method iron is separated by means of 
cupferron while chromium is oxidized by evaporating the 
solution with perchloric acid, and aluminum is separated 

by precipitation with ammonia.
Two and one-half grams of the sample are transferred to 

a 250-cc. covered beaker and treated with 15 cc. of hydro
chloric acid (sp. gr. 1.19). If the aluminum content is less 
than 0.1 per cent it is necessary to work on a 10-gram sample. 
This is accomplished by dissolving four 2.5-gram portions 
of the sample and subsequently combining the four aluminum 
hydroxide precipitates, obtained as described below, by 
filtering on a single 9-cm. paper and washing with a 2 per cent 
ammonium chloride solution. The solution is warmed to 
about 60° C. until all action has ceased, when 3 cc. of Per- 
hydrol (30 per cent hydrogen peroxide) are added and the 
liquid boiled down to a sirup. Thirty cubic centimeters of 
hydrochloric acid (1 to 1) are introduced, the solution heated 
until all salts have dissolved, diluted with water to 50 cc. 
and filtered on a 9-cm. paper containing some ashless paper 
pulp into a 400-cc. beaker, and reserved. The paper and 
residue are washed 18 to 20 times with hot water and ignited 
in a 30-cc. platinum crucible. Five drops of sulfuric acid 
(1 to 1) and 2 cc. of hydrofluoric acid (48 per cent) are intro
duced and the silica is volatilized by evaporating the solution 
to the complete expulsion of the acids.

1 Received October 16, 1930.

The residue is fused with 2 grams of sodium carbonate and 
the melt dissolved in 25 cc. of hot sulfuric acid (1 to 4). If 
four 2.5-gram portions are taken for analysis the residues may 
be combined and only one fusion made, increasing, of course, 
the weight of sodium carbonate used to 8 grams. The solu
tion is boiled to expel carbon dioxide, approximately 2 grams 
of ammonium chloride and a very faint excess of dilute 
filtered ammonium hydroxide (1 to 3) are then introduced, 
and the solution is boiled for no longer than 1 or 2 minutes. 
The precipitate is filtered on a 9-cm. paper containing some 
ashless paper pulp and washed thoroughly with hot 2 per cent 
ammonium chloride solution. The paper holding the pre
cipitate is transferred to the 400-cc. beaker containing the 
main solution and macerated to a pulp by means of a glass 
rod. The liquid is then heated just short of boiling for about 
5 minutes to insure the complete solution of the precipitate.

The solution (which should have a volume of about 100 cc. 
and an acidity of approximately 15 per cent) is cooled to 
approximately 15° C. and the iron precipitated by the addi
tion of a slight excess of a freshly prepared, cold 6 per cent 
solution of cupferron (ammonium nitrosophenylhydroxyl- 
amine, C6H6(NO)ONH<), while all aluminum and chromium 
will remain in solution. A brownish red, partly amorphous, 
partly crystalline, precipitate separates out. As soon as a 
drop of the reagent causes the formation of a transient snow- 
white crystalline precipitate, all of the iron is down. The
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solution is filtered on an 11-cm. paper containing some ashless 
paper pulp, the paper and precipitate washed well with cold 
5 per cent hydrochloric acid, and discarded.

The filtrate and washings are collected in a 600-cc. beaker 
and boiled down to a volume of about 50 cc. Fifty cubic 
centimeters of nitric acid (sp. gr. 1.42) are introduced and the 
boiling continued until the volume has been reduced to ap
proximately 10 cc. Twenty cubic centimeters of nitric acid 
(sp. gr. 1.42) and 30 cc. of perchloric acid (60 per cent) are 
added, the solution evaporated to strong fumes of perchloric 
acid, and heated for an additional 30 minutes to insure the 
complete oxidation of the chromium to chromic acid. One 
hundred cubic centimeters of water are introduced, the 
solution is warmed, filtered on a 9-cm. paper, and the silica 
washed with warm water. The filtrate and washings, which 
should not exceed 175 cc., are collected in a 400-cc. beaker.

The solution is nearly neutralized with filtered ammonium 
hydroxide (1 to 3) and heated to boiling. Approximately 
5 grams of ammonium chloride and some ashless paper pulp 
are added and the solution treated with dilute ammonium 
hydroxide (1 to 3) drop by drop until the color just changes to 
a distinct yellow. The solution is boiled for no longer than
1 or 2 minutes and immediately filtered on a 9-cm. paper. 
The paper and precipitate are washed thoroughly with hot
2 per cent ammonium chloride solution, transferred to a 
150-cc. beaker and treated with 15 cc. of hydrochloric acid 
(1 to 2). The solution is heated to boiling for several minutes, 
diluted with warm water to 100 cc., and treated with a brisk 
stream of hydrogen sulfide for 15 minutes to precipitate 
platinum. Any precipitate that forms is filtered on a 9-cm. 
paper, washed 10 to 12 times with hydrogen sulfide water 
containing 1 per cent hydrochloric acid, and discarded.

The filtrate contained in a 400-cc. beaker is boiled to expel 
hydrogen sulfide, 5 cc. of perchloric acid (60 per cent) are 
added, and the solution is evaporated to strong fumes of 
perchloric acid and heated for an additional 15 minutes. 
One hundred cubic centimeters of warm water are added and 
the solution is nearly neutralized with filtered ammonium 
hydroxide (1 to 3) and heated to boiling. Approximately 
2 grams of ammonium chloride, some ashless paper pulp, and 
several drops of an 0.2 per cent alcoholic solution of methyl 
red are introduced and the solution treated with dilute filtered 
ammonium hydroxide (1 to 3) drop by drop until the color just 
changes to a distinct yellow. The solution is boiled for no 
longer than 1 or 2 minutes and immediately filtered on a 9-cm. 
paper. The paper and precipitate are washed thoroughly 
with hot 2 per cent ammonium chloride solution.

The precipitate is ignited in a weighed platinum crucible 
first at a low temperature and finally over a blast lamp for 5 
minutes or in an electric furnace at 1150° C. for 15 minutes. 
The crucible covered with a closely fitting lid is allowed to 
stand in a desiccator until cool and then rapidly weighed. 
A second heating of equal duration is advisable, especially 
as it permits more rapid weighing and consequently more 
accurate results. Ignited alumina is very hygroscopic, and 
absorbs within the first 10 minutes’ exposure to the air a 
large proportion of the total water which it will take up in 
24 hours. A well-fitting crucible cover is quite efficient in 
preventing the adsorption of moisture by the alumina while 
the crucible is in the desiccator or on the balance pan.

Elimination of Phosphorus

The precipitate obtained as described will contain part or all 
of the phosphorus in the alloy (depending upon the aluminum 
content) but rarely contains chromium; should it be colored, 
indicating the presence of chromium sesquioxide, it is fused 
with 1 to 2 grams of sodium carbonate. The melt is dis
solved in the least necessary amount of hot water and the

chromium determined colorimetrically. A small amount of 
sodium peroxide is added and the liquid is boiled for a few 
minutes and cooled. The chromate solution is transferred 
to a Camp comparison tube. The volume should now be 
about 15 cc. To the other comparison tube there is added 
from a 10-cc. buret an amount of standard potassium chro
mate solution (1 cc. = 0.00050 gram Cr.) which contains 
slightly less chromium than the sample, and sufficient water 
to make their volumes exactly equal. After having mixed 
each, the intensity of the two solutions is compared. The 
color of the sample should be slightly more intense than that 
of the standard. An additional small amount of the stand
ard chromate solution is added to the tube containing the 
standard, and an equal amount of water to the tube holding 
the sample. After having mixed the contents of the tubes 
the intensities of the colors are again compared. These 
operations are repeated until an exact match is obtained. The 
number of cubic centimeters of the chromate solution used, 
multiplied by 0.00050, multiplied by 1.4615, gives the weight 
of chromium sesquioxide to be deducted.

After having determined the chromium colorimetrically, 
the solution from the sodium carbonate fusion is transferred 
to a 300-cc. Erlenmeyer flask and made acid with an excess 
of 2 cc. of nitric acid (sp. gr. 1.42). The solution is heated to 
boiling to expel carbon dioxide and the chromium reduced to 
the trivalent state by the addition of a sufficient amount of 
sulfurous acid, and by boiling. The liquid is cooled to 
40° C., approximately 5 grams of ammonium nitrate, 0.05 
gram of ferrous sulfate (free from phosphorus), and 40 cc. 
of molybdate solution added, and the phosphorus precipi
tated as ammonium phosphomolybdate by 5 minutes of 
vigorous shaking. The precipitate is allowed to settle and 
the phosphorus is determined by either the alkalimetric or 
the molybdenum reduction (Emmerton) method. The 
weight of phosphorus found, multiplied by 2.2887, is the 
weight of phosphorus pentoxide to be deducted from the weight 
of the alumina precipitate.

The weight of the alumina precipitate, less the weights of 
chromic oxide and phosphorus pentoxide found, is multiplied 
by 52.94 and divided by the weight of sample taken to give 
the percentage of aluminum in the alloy.

A blank should be run on all the reagents used and any 
aluminum found deducted from the result obtained as above 
described.

Experimental Proof of Accuracy of Method

In order to test the accuracy of the method a number of 
experiments were carried out. The procedure consisted in 
salting several samples of the Bureau of Standards standard 
sample 64 of high carbon ferrochromium2 with varying 
amounts of pure aluminum chloride. The accurately 
measured aliquot portions of the standard solution of pure 
aluminum chloride were added to the weighed samples of 
ferrochromium, which were then dissolved and otherwise 
treated as given in the description of the method. The 
results obtained are shown in the table.

E x p e r im e n ts  to  T e s t  A c cu racy  of M e th o d  
F e r r o -

E x p e r i  CHROMTUM A l u m i n u m A l u m i n u m A l u m i n u m

m e n t T a k e n A d d e d F o u n d R e c o v e r e d ® E r r o r

Crams Gram Gram Gram Gram
1 5 Nil 0.00105
2 5 Nil 0.00100
3 10 N il 0.00220

A v .  0 .021%

4 5 0.00228 0.00339 0.00234 + 0 .0 0 0 0 6
5 5 0.0039 0.00498 0.00393 + 0 .0 0 0 0 3
* After correcting for 0.021 per cen t A1 in alloy.

J T he B ureau of S tandards obtained a  result of 0.020 per cent alum i
num , and  Electro M etallurgical Co., 0.022 per cent, when th is s tandard  was 
made.
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D eterm ination  of Z irconium  in Plain Carbon and 
A lloy Steels1

Thos, R. Cunningham and R. J. Price

U n i o n  C a r b i d e  a n d  C a r b o n  R e s e a r c h  L a b o r a t o r i e s , I n c . ,  L o n o  I s l a n d  C i t y , N . Y.

Z IR C O N IU M  is separated from the elements enu
merated below as ZrHPO<, which is converted to ZrP207 
on ignition. A determination may be completed on 

steels free from tungsten, tin, tantalum, or columbium in not 
over 2 hours. The exact determination of very small per
centages of zirconiun in the presence of varying amounts of 
one or more of the elements titanium, aluminum, tungsten, 
molybdenum, chromium, vanadium, uranium, cobalt, nickel, 
copper, tin, arsenic, manganese, tantalum, columbium, and 
silicon, all of which are found in one type or another of plain 
carbon or alloy steel, is a somewhat difficult analytical 
problem. The method herein described is designed to be 
applicable to any commercial steel.

From 5 to 10 grams of the drillings are transferred to a 
500-cc. covered beaker and dissolved in 40 to 60 cc. of hydro
chloric acid (sp. gr. 1.19). When all action appears to have 
ceased from 8 to 15 cc. of Perhydrol (30 per cent hydrogen 
peroxide) are introduced to oxidize the iron, to break up any 
separated carbides, to oxidize tungsten, and to peroxidize 
the titanium. If the steel contains tungsten, a yellow pre
cipitate of tungstic acid will be noticed at this point, in which 
case the procedure must be modified as described below. 
Titanium is not precipitated as phosphate when in the sexi- 
valent state. The solution is diluted with warm water to 
350 cc., treated with 8 to 10 grams of diammonium phosphate 
dissolved in 50 cc. of water, and stirred vigorously for several 
minutes. Some ashless paper pulp is introduced, and after 
allowing the solution to stand for one-half hour at a tem
perature of approximately 70° C. it is filtered on an 11-cm. 
paper. The precipitate and paper are washed 15 to 20 times 
with 2 per cent hydrochloric acid, ignited in porcelain at a low 
temperature to bum off the paper, and transferred to a 30-cc. 
platinum crucible. Two cubic centimeters of sulfuric acid 
(1 to 1) and 5 cc. of hydrofluoric acid (48 per cent) are added 
and the solution is evaporated to strong fumes of sulfur 
trioxide.

The sulfuric acid solution is transferred to a 150-cc. beaker, 
the crucible being rinsed with 5 cc. of hydrochloric acid 
(sp. gr. 1.19) and a little water, and added to the beaker. 
The solution is diluted with warm water to 75 cc., treated 
with 3 grams of diammonium phosphate dissolved in 25 cc. 
of water, stirred vigorously, and allowed to stand for one- 
half hour at a temperature of approximately 70° C. The 
solution is filtered on a 9-cm. paper containing some ashless 
paper pulp and the precipitate of Zr (HP04)2 and paper 
washed 15 to 20 times with 2 per cent hydrochloric acid. 
The precipitate is ignited in platinum first at a low tempera
ture to bum off the paper, and finally at 1000° C., cooled in a 
desiccator, and weighed. The weight of ZrP207 is multi
plied by 34.23 and divided by the weight of sample taken 
to give the percentage of zirconium in the sample. For ex
treme accuracy the precipitate of ZrP207, which may be 
contaminated with small amounts of Ti2P2Os, is fused with 
several grams of potassium pyrosulfate and the fusion dis
solved in 40 cc. of 10 per cent sulfuric acid containing 5 cc. 
of 3 per cent hydrogen peroxide. The titanium is then de
termined by the hydrogen peroxide colorimetric method and 
the calculated weight of Ti2P20 9 deducted from the weight

1 Received O ctober 16, 1930.

of the precipitate of ZrP207 . The weight of Ti2P20 j is ob
tained by multiplying the weight of titanium found by 3.16.

The ignited and weighed residue may not correspond 
exactly to the composition of ZrP20? (0  but it is believed 
to be very close to it, since the results obtained by the above 
described procedure agree almost exactly with those ob
tained by the cupferron method. By the latter procedure 
the zirconium is weighed as zirconium dioxide. This method 
should not be applied to the determination of large amounts 
of zirconium because the precipitate of Zr(IIPOi)2 is somewhat 
gelatinous, which makes it rather difficult or almost impossible 
to wash out the excess of the precipitant completely.

In the case of chromium steels that do not dissolve com
pletely in the hydrochloric acid-Perhydrol treatment, the 
ignited residue, instead of being treated with sulfuric acid 
and hydrofluoric acid to remove silica, is treated with 5 cc. 
of hydrofluoric acid (48 per cent), 3 cc. of nitric acid (sp. gr.
1.42), and 3 cc. of perchloric acid (60 per cent), and the 
solution evaporated to strong fumes of perchloric acid. 
The perchloric acid serves to break up chromium carbide 
and to oxidize the chromium to chromic acid which does no 
harm.

In the case of tungsten steels, after adding the Perhydrol, 
the solution should be boiled for about 5 minutes before 
diluting with warm water to 350 cc. and treating with the 
diammonium phosphate solution. After allowing the solu
tion to stand for one-half hour at a temperature of about 70° 
C., it is filtered on an 11-cm. paper and the paper and pre
cipitate washed well with 2 per cent hydrochloric acid, 
ignited in porcelain at a low temperature, and transferred to a 
30- or 50-cc. platinum crucible. The residue is fused with 
about 10 grams of sodium carbonate and the melt is dis
solved in hot water in a 250-cc. beaker. Some ashless 
paper pulp is added and the precipitate of sodium zirconate 
is filtered on a 9-cm. paper and washed thoroughly with 2 
per cent ammonium nitrate solution to remove all sodium 
tungstate and sodium salts. The precipitate of sodium 
zirconate is ignited in the same platnium crucible previously 
used and fused with 1 to 2 grams of potassium pyrosulfate. 
The fusion is dissolved in 75 cc. of hot 5 per cent hydro
chloric acid containing 5 cc. of 3 per cent hydrogen peroxide, 
and the zirconium precipitated with diammonium phosphate 
as previously described. The precipitate is allowed to 
stand one-half hour at a temperature of about 70° C., filtered 
on a 9-cm. paper, washed well with hot 2 per cent hydrochloric 
acid, and ignited in a weighed platinum crucible. The pre
cipitate is treated with a few drops of sulfuric acid (1 to 1) 
and several centimeters of pure hydrofluoric acid (48 per cent), 
and any silica is expelled by evaporating the solution to 
the complete expulsion of the sulfuric acid. The crucible 
is heated at 1000° C., cooled in a desiccator, and weighed. 
The weight of ZrP207  is multiplied by 34.23 and divided by 
the weight of sample taken to give the percentage of zirco
nium in the sample.

Should the steel be known to contain tin, tantalum, or 
columbium, the phosphate precipitate is filtered, washed 
thoroughly with 2 per cent hydrochloric acid, ignited in 
porcelain, transferred to a platinum crucible, and in the 
case of tin, fused with sodium carbonate, or transferred to a
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nickel crucible if tantalum or columbium are present and 
fused with several grams of potassium hydroxide. The 
melt is dissolved in water and the determination completed 
as described for tungsten steels. •

Experimental Proof of Accuracy of Method

A number of experiments were carried out to obtain de
pendable data concerning the accuracy of the method. It is 
a well-known fact that unless hydrogen peroxide is added to 
peroxidize the titanium, it will be carried down with the 
zirconium phosphate precipitate, and for this reason alone, 
when extreme accuracy is desired, the final zirconium phos
phate precipitate should be tested for titanium. The pro
cedure consisted in salting a number of samples of plain 
carbon steels, a sample of Cr-W-V steel, and stainless steel 
of the 18 chromium-8 nickel variety known to be free of 
zirconium, with varying amounts of pure zirconium chloride. 
Five-, ten-, and twenty-gram samples, respectively, were used.

The accurately measured aliquot portions of the standard 
solution of pure zirconium chloride were added to the weighed 
samples of steel, which were then dissolved and otherwise 
treated as given in the description of the method. The 
results obtained are given in the table.

E x p e r im e n ts  to  T e s t  A c cu racy  o f M e th o d
E x p e r i  K i n d  o p S t e e l Z i r c o n i u m Z i r c o n i u m

m e n t S t e e l T a k e n A d d e d F o u n d E r r o r

Grams Gram Gram Gram
1 Plain C 20 0.00101 0.00095 -0 .0 0 0 0 6
2 Plain C 20 0.00101 0.00102 + 0 .0 0 0 0 1
3 Plain C 5 0.0025 0.0025
4 Plain C 5 0.0025 0.0025
5 Cr-W -V° 10 0.0006 0.00058 — 6 'ÔÔÔ02
0 18 Cr-8 Ni 5 0.00133 0.00132 -0 .0 0 0 0 1
° B ureau of S tandards s tan d ard  sam ple 50A of high-speed steel. Tw o 

5-gram portions were taken  and the  precipitates combined after m aking the 
sodium  carbonate fusion to  separate  the tungsten.

Literature Cited

(1) Lundell and Knowles, J . A m . Chem. Sac., 41, 1801 (1919).

Rapid C olorim etric M ethod for D eterm ination of 
M olybdenum  in Plain C arbon and A lloy Steels'

Thos. R. Cunningham  and H. L. Hamner

U n i o n  C a r b i d e  a n d  C a r b o n  R e s e a r c h  L a b o r a t o r i e s , I n c . ,  L o n g  I s l a n d  C i t y . N. V .

AN ACCURATE colorimetric method for the deter
mination of molybdenum in the presence of nickel, 
chromium, tungsten, and other elements, is given. 

I t is best adapted to steels containing a maximum of 1 per 
cent molybdenum. However, good results have been ob
tained when the molybdenum content was as high as 2.5 
per cent.

One-half gram or one gram of the sample (if the molyb
denum is 0.10 per cent or less) is transferred to a 150-cc. 
covered beaker and treated with 25 cc. of sulfuric acid (1 to 4) 
at a temperature of approximately 60° C. When all action 
appears to have ceased, 3 cc. of Perhydrol (30 per cent hydro
gen peroxide) are introduced and the liquid is boiled for 
several minutes. The solution is then filtered on a 9-cm. 
paper to remove carbon and the residue washed with water 
and discarded. The filtrate and washings are collected in a 
250-cc. beaker and boiled down to a small volume to decom
pose completely the excess of Perhydrol. The Perhydrol 
destroys the hydrocarbons and partially reduces the molyb
denum to a lower state; part of the molybdenum is oxidized 
by the air. In the case of plain carbon or alloy steels, or 
steels containing tungsten, the above filtering operation is 
omitted. One gram of tartaric or citric acid is added (to 
tungsten steels only) and the solution made slightly alka
line with .10 per cent sodium hydroxide and then acid with 
an excess of 10 cc. of sulfuric acid (1 to 1). The tartaric 
or citric acid serves to hold up the tungsten. If only a small 
amount of tungsten is present this treatment may be omitted.

The cold solution is transferred to a 250-cc. separatory 
funnel provided with a glass stopper, diluted to a volume of 
100 cc. with cold water, and treated with 10 cc. of 5 per cent 
potassium thiocyanate solution. The stoppered flask and 
contents are shaken vigorously for several minutes, then 
treated with from 5 to 10 cc. of stannous chloride solution 
and again shaken vigorously for several minutes. The 
stannous chloride reduces the iron from the ferric to the 
ferrous condition and the molybdenum from the sexivalent

* Received October 16. 1930.

to the quinquevalent or quadrivalent state. The potassium 
thiocyanate reacts with the reduced molybdenum to form a 
complex potassium-molybdenum thiocyanate, which im
parts an amber to reddish brown color to the solution, de
pending upon its intensity.

The solution is cooled to approximately room temperature, 
50 cc. of ether added, and the separatory funnel stoppered and 
shaken vigorously for 30 seconds and then allowed to stand 
until the liquid has separated into two distinct layers. The 
lower or acid layer, which will contain the greater part of 
any iron, chromium, nickel, or tungsten, is drawn off and 
discarded, and the Upper or ethereal layer, which will con
tain practically all of the molybdenum, is then drawn off into 
a 50-cc. Camp comparison tube. The tube is stoppered with 
a soft cork to prevent evaporation of the ether and its con
tents are mixed thoroughly by manipulating the tube in the 
usual manner. After standing for several minutes it is 
ready for comparison with the standard.

Preparation of Standard for Comparison

With a little practice it is not difficult to estimate approxi
mately the percentage of molybdenum in the sample. 
Twenty-five cubic centimeters of 8 per cent ferric sulfate 
solution are transferred to a 250-cc. separatory funnel and 
the standard molybdenum solution added from a buret. 
The solution is diluted with cold water to approximately 
100 cc. and the development of the molybdenum color and 
extraction are completed as previously described. I t  is 
advisable to allow the molybdenum solution to stand in the 
comparison tube for several minutes before comparing with 
the standard, as the intensity of the color sometimes changes 
at first but remains stable thereafter for 7 days and even 
longer if kept in the dark when not in use.

The percentage of molybdenum in the sample is then 
determined by comparing the intensity of the color of the 
ethereal solution of potassium-molybdenum thiocyanate 
with that of the standard. The darker of the two solutions, 
the sample and the standard, is diluted carefully with ether
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and mixed thoroughly until they match exactly. The 
amount of molybdenum per cubic centimeter in the stand
ard is then figured and the calculation of the percentage of 
molybdenum in the sample is obtained by multiplying the 
weight of molybdenum in each cubic centimeter by the 
number of cubic centimeters, dividing by the weight of sample 
taken, and multiplying by 100. The following example 
illustrates the calculations involved: In comparing the 
standard with the sample, 15 cc. of the standard molybdenum 
solution (1 cc. = 0.0002 gram Mo) were used and diluted to 
44 cc. with ether. Therefore,

15 X 0.0002 = 0.0030 gram Mo 
or ^ = 0.000068 gram Mo per cc.

The sample was diluted to 36 cc.; hence,
36 X 0.000068 = 0.00245 gram Mo in the 1-gram sample, 

or 0.245 per cent Mo
Solutions Required

S t a n d a r d  M o l y b d e n u m  S o l u t io n —1 cc. = 0.0002 
gram molybdenum. This solution is prepared by dissolving 
0.430 gram of pure sodium molybdate in one liter of water 
containing 10 cc. of sulfuric acid (1 to 1), and mixing thor
oughly. One hundred cubic centimeters of this solution are 
measured carefully by means of an accurately calibrated 
pipet into a 250-cc. beaker, 12 cc. of sulfuric acid (1 to 1) 
are added, and the solution is put through a Jones zinc 
reductor into 35 cc. of ferric phosphate solution and titrated 
with a standard solution of 0.05 N  potassium permanganate 
(1 cc. = 0.0016 gram Mo).

A blank determination is run on the reductor and the solu
tion of ferric phosphate (this usually amounts to about 
0.2 cc.) by passing 100 cc. of 6 per cent sulfuric acid and 150 
cc. of water (same amount as used in the analysis) through 
the reductor in exactly the same way as the molybdenum 
solution, and titrating the liquid with permanganate. The 
amount of 0.05 N  potassium permanganate required to im
part a pink tint to the liquid constitutes the blank to be 
deducted from the buret reading when standardizing the 
molybdenum solution.

F e r r ic  S u l f a t e  S o l u t io n  (8 per cent)—Eighty giams of 
pure ferric sulfate are dissolved in one liter of 20 per cent sul
furic acid. The presence of iron is essential in the preparation 
of the standard since it has been determined by experiment 
that the ethereal solution of potassium-molybdenum thio- 
cyanate is more comparable and also more stable than when 
it is omitted. The iron appears.to have a catalytic effect.

S t a n n o u s  C h l o r id e  S o l u t io n —Three hundred and fifty 
grams of stannous chloride are added to 200 cc. of hydro
chloric acid (1 to 1) in a 500-cc. Erlenmeyer flask, the liquid 
boiled gently until the salt has almost dissolved, transferred 
to a liter bottle, and diluted with freshly boiled water to 
1000 cc. A few pieces of metallic tin are introduced to pre
vent oxidation.

F e r r ic  P h o s p h a t e  S o l u t io n —Twenty-five grams of ferric 
sulfate are dissolved in 950 cc. of water containing 40 cc. 
of phosphoric acid (sp. gr. 1.72) and 10 cc. of sulfuric acid 
(sp. gr. 1.84).

The accuracy of the method is indicated by the tabulated 
results obtained on several samples of steel and on Bureau of 
Standards standard sample 61 of ferrovanadium by the 
volumetric and colorimetric methods.

E x p e r im e n ts  to  T e s t  A c cu rac y  o f M e th o d
M o l y b d e n u m  F o u n d

W e i g h t  o p Volumetric Colorimetric
S a m p l e S a m p l e m ethod m ethod

Gram % %
Steel 1 0.6000 0 .26 0.27
Steel 1 0.6000 0 .27
Steel 1 0.6000 0 .27
Steel 2 0.2500 0 .33 0.34
Steel 2 0.5000 0.34
Steel 2 0.7500 0 .33
Steel 2 1.000 0 .33
Ferrovanadium

standard  61“ 0.5000 0.72 0 .7 3
a The Bureau of S tandards obtained a  result of 0.72 per cent M o by 

weighing as lead m olybdate, and E lectro M etallurgical Co., 0.72 p e rc en t by 
the  volum etric m ethod when th is  s tandard  was made in 1924.

The volumetric determinations were made on a 2-gram 
sample, the molybdenum being separated from the iron and 
vanadium with hydrogen sulfide by the present standard 
methods before passage of the sulfate solution through the 
Jones reductor.

T im e  R e q u ire d  fo r  A n a ly sis
M inutes

Weighing of sam ple ...............................................................
Soln. of sample and  boiling alm ost to  fumes of sulfur */*

trioxide ......................................................................................... 8
Cooling and  m aking ether separa tion .............................  10
Comparison w ith s tan d a rd ........................................................ 2

The above time may be reduced after one has become 
accustomed to the method. I t has been found that the 
intensity of the color remains stable for at least a week. 
Therefore, by making up a sufficient number of fresh stand
ards the beginning of each week, say within a range of 0.02 
per cent, it will only be necessary to dilute the unknown until 
the colors match. Of course the standards should all be 
diluted to the same volume. This will aid in reducing the 
time taken for making the comparison.

Lots of Bromine in the Ocean
Although practically all of the bromine produced in the 

United States has been obtained from salt brine deposits located 
in different states, the outstanding potential source of this 
chemical material is the sea, according to the United States 
Bureau of Mines. The rapidly increasing use of this material 
in motor fuel has attracted attention to the bromine content of 
the ocean. Bromine occurs in sea water to the extent of 60 to 
70 p. p. m., except where fresh water from rivers may cause local 
dilution near the coast. Since the area of the oceans is 139,- 
295,000 square miles—almost two and one-half times the area 
of the land—and since the depth averages 3 miles, sea water 
represents a virtually inexhaustible source of supply of any 
chemicals that can be commercially extracted therefrom. Ex
periments have demonstrated that this bromine actually is 
available, and the importance of this discovery is evidenced by 
the fact that only 1 cubic mile of sea water would supply for 
392 years all the requirements of a plant producing 100,000 
pounds of bromine per month.

Owing to the corrosive nature of the element it enters com
merce largely in the form of its salt. Bromine is also sold as

“mining salt,” a mixture of sodium bromate and bromide. 
Solidified bromine has been used for laboratory work. Diatoma- 
ceous earth, formed with a suitable binder and burned into 
coherent sticks, is saturated with the liquid. These porous 
sticks absorb 50 to 75 per cent of bromine by weight.

Previous to about 1922 bromine was used principally in the 
form of sodium potassium or ammonium bromide in photography 
and for medicinal purposes. The photographic trade usually 
buys ammonium bromide of U. S. P. grade. “Mining salt” 
was formerly used in some quantity in the extraction of gold from 
its ores, but this use has apparently greatly declined. Bromine 
is used in the production of certain dyes, and liquid bromine as 
well as many of its compounds is employed in analytical chem
istry. During the war some hand grenades and gas bombs were 
loaded with bromine or with organic bromine compounds.

The principal outlet for bromine at present, however, is as 
ethylene dibromide used in tetraethyl lead and antiknock com
pounds.

The world's bromine has come chiefly from Germany and the 
United States, being produced in the United States as early as 1846.
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Problem s in Estim ation of U nsaturated 
H ydrocarbons in Gases

III—Some Factors in Bromination with Potassmm Bromide—Bromate Mixture' 2

THE estimation of the 
unsaturated content of 
petroleum fractions by 

halogenation m ethods has 
been found to be subject to 
disconcerting varia tions.
Further, the addition of the 
halogens to the acetylenes is 
incomplete. The causes for 
these v a ria tio n s  have re
mained obscure. Two excel
lent reviews of this subject 
have recently been given (9,
12), and the present paper 
deals with an experimental 
investigation of the factors 
affecting the completeness of 
the titration of unsaturated 
hydrocarbons by brom ine,
using the bromide-bromate method of Francis (11,1,2).

H. S. Davis,» G. S. Crandall,* and W. E. Iligbee, Jr.*

M a s s a c h u s e t t s  I n s t i t u t e  o p  T e c h n o l o g y ,  C a m b r i d g e , M a s s .

It has been shown that alum inum  chloride and cer
tain other m etallic salts prevent the quantitative 
titration of ethylene by the bromide-bromate m ethod. 
It has further been established that oxygen prevents 
the quantitative titration of acetylene by the bromide- 
bromate method.

A standard procedure is developed by which ethylene 
and acetylene and some of their higher homologs are 
titrated quantitatively by bromide-bromate solution. 
This procedure is applied to the analysis of synthetic  
mixtures of gaseous olefins and acetylenes with en
couraging results.

It is suggested that oxygen may be one of the prin
cipal causes of the irregularities found in halogen titra
tions of the acetylenes by other m ethods.

Propine and butine-1 are prepared and their boil
ing points determined in a vacuum-jacketed spiral 
column.

Experimental

Since this research dealt mainly with gaseous hydro
carbons, it was necessary to develop a special procedure for 
the titrations. The equipment required was a stout-walled 
reaction bottle fitted with a stopcock, described below, a 
machine to shake the reaction bottles set in a vertical position 
at a rate of 250 strokes per minute with a 4.5-cm. stroke, 
gas burets, Hempel gas pipets, 2 Geissler burets, and 1 Mohr 
buret fitted with a rubber tube 40 cm. long. The materials 
used were potassium bromide-bromate solution (approxi
mately 0.5 N), sodium thiosulfate solution (about 0.1 N), 
10 per cent sulfuric acid, bromine in potassium bromide 
solution, 33 per cent potassium hydroxide solution, potassium 
pyrogallate solution, and saturated potassium iodide solution.

The reaction bottle is a modification of the type used 
by Dobrjanski (7), and consists of a 300-cc. glass-stoppered 
bottle with a capillary stopcock sealed through the stopper. 
A short connecting tube of larger bore is sealed to the stop
cock for attaching the apparatus to burets.

The general procedure for the titration of gaseous olefins 
is as follows: The bromide-bromate solution is measured 
into the reaction bottle which is then stoppered and evacu
ated by a water pump. A measured volume of the gas is 
drawn in without breaking the residual vacuum. Then 
dilute sulfuric acid is admitted slowly from the Mohr buret.

1 Received Septem ber 4, 1930. This paper contains results obtained 
in  an  investigation of the  “ R elative R ates of R eaction of the Olefins," 
listed as P ro ject No. 19 of American Petroleum  In s titu te  Research. F inan
cial assistance in this work has been received from  a  research fund of the 
American Petroleum  In s titu te  donated  by  John D. Rockefeller. T his fund 
is being adm inistered by the  In s titu te  w ith th e  cooperation of the  C entral 
Petroleum  C om m ittee of the  N ational R esearch Council.

* C ontribution  N o. 65 from the R esearch L aboratory  of Organic Chemis
try , M assachusetts In s titu te  of Technology.

* Present address, Research Laboratories, Vacuum  Oil Com pany, 
Paulsboro, N . J.

4 Jun io r research fellows, P ro ject No. 19.

Although the brom ide- 
bromate solution is stable in 
neutral solution, it decom
poses when acidified, liberat
ing bromine. An equivalent 
quantity of acid is necessary 
to liberate the bromine as is 
shown by the following equa
tion:
KBr03 +  oKBr +  3H,SO, = 

3 K2SO« +  3Br2 +  3HsO

Hence, by slow addition of the 
acid, the bromine is liberated 
slowly, and the rate can be so 
controlled that the bromine is 
taken up by the unsaturated 
compounds as fast as it is 
generated. In this manner, 

the concentration of the halogen is kept low so that substitu
tion reactions are practically avoided. After the reaction is 
completed, saturated potassium iodide solution and consider
able water are added. The vacuum is broken and the stopper 
removed. Then the iodine formed is titrated with standard 
thiosulfate solution. The mols of bromine absorbed by one 
mol of gas can easily be calculated.

After a large number of preliminary tests had been made 
on the olefins and acetylenes, the important fact was dis
covered that oxygen prevents the quantitative titration of 
acetylenes and probably of some diolefins. Accordingly, 
a procedure has been adopted which excludes oxygen as far 
as possible from the reaction flask.

Standard Procedure

The bromide-bromate solution required for the experiment 
is measured from the buret into the reaction bottle. The 
volume used should be only about 2 cc. in excess of the equiva
lent quantity, which must be determined by trial experiments 
or from a priori information about the approximate com
position of the sample. The bottle is then evacuated by a 
water pump until the solution boils. If the tap water is not 
considerably cooler than room temperature, it may be 
necessary to heat the bottle with warm water. The gas 
sample is measured in a buret, is washed twice with potassium 
pyrogallate solution in a Hempel pipet (shaking one-half 
minute each time), and is then drawn into the buret and 
measured. The connecting tube of the evacuated bottle is 
filled with water to prevent the addition of air. I t  is then 
connected to the buret and the washed sample drawn into the 
bottle. The connecting tube is again filled with water and 
attached to the Mohr buret containing 10 per cent sulfuric 
acid. The rubber tube is about 40 cm. long to permit vigor
ous shaking of the bottle while it is attached to the buret. 
One cubic centimeter of the acid is added every half minute, 
the bottle being shaken vigorously between the additions. A 
volume of acid equal to the volume of bromide-bromate
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mixture taken is added, which is about a 200 per cent excess. 
When all the acid has been added, the buret is disconnected 
and the acid in the connecting tube is nearly all drawn in, 
care being taken that no air is admitted. The bottle is 
then shaken by the machine for 1 to 1*/< hours to complete 
the reaction. At the end of this time the bottle is removed 
and 3 to 5 cc. of saturated potassium iodide solution added; 
20 cc. of water are also added before the vacuum is broken, 
the bottle is opened, and the solution diluted to from 100 
to 150 cc. The iodine liberated is titrated to a colorless 
solution with standard thiosulfate solution. The total 
volume of unsaturated gas in a separate portion is determined 
by finding the fraction that is absorbed by bromine in potas
sium bromide solution.

Only a slight modification of this method is necessary for 
the titration of liquid or solid samples. The sample is sealed 
in a thin-walled glass capsule (4), weighed, and placed in the 
reaction bottle. After evacuating, the capsule is broken by 
shaking the bottle, the sulfuric acid is added, and the re
mainder of the analysis carried out as above.

Substances

P a r a f f i n s —Samples of gases compressed into small 
steel bottles were purchased. The degree of purity claimed 
for them was: methane, 92 per cent; ethane, 99 per cent; 
isobutane, 99 per cent; and normal butane, 99 per cent (10).

O l e f i n s —The methods by which the olefins were pre
pared have already been described (3, 5).

D i o l e f i n s —Propadiene (allene), b. p. —32.8°to —31.3°C., 
was prepared by slowly dropping 2, 3-dibromopropene 
(Eastman Kodak Company) into boiling alcohol and zinc 
dust (IS).

1,3-Butadiene (erythrene), b. p. —2° to — 1 ° C., was prepared 
by reducing erythrene tetrabromide with zinc dust in boiling 
alcohol solution. As Thiele has pointed out (19), it is neces
sary to add the tetrabromide slowly to the alcohol in order to 
obtain good yields. This requirement was met by placing the 
crystals in a test tube under the drip from a reflux condenser 
fitted to the flask, and under these conditions the yield of 
butadiene was 80 per cent of the theoretical. The erythrene 
tetrabromide, which had been prepared from cracked gases 
and recrystallized, was obtained through the kindness of 
V. Schneider.

A c e t y l e n e s —Ordinary acetylene from a tank of the com
pressed gas was washed with water, with concentrated potas
sium hydroxide, with concentrated sulfuric acid, and was 
then stored over water. The sample gradually became 
contaminated with air.

Methylacetylene, b. p. —20° to —18° C. (compare —27.5° 
C., International Critical Tables, 14), was prepared by slowly 
adding methyl iodide to sodium acetylide in liquid ammonia 
(18). The liquefied product was fractionated through a 
vacuum-jacketed spiral column.

Ethylacelylene was prepared in a similar manner, using 
ethyl iodide in place of methyl iodide, b. p. 6.8° to 8.5° C., 
(compare Picon’s figure, 8° C., 18). The value 18.5° C. 
given in the International Critical Tables (17) seems to be too 
high.

Samples of 1-heptine, 1-octine, 2-octine, and 4-nonine, were 
kindly supplied by R. L. Wakeman, who will describe their 
preparation elsewhere.

C y c l i c  H y d r o c a r b o n s — Cyclopropane (trimethylene) was 
prepared by dropping trimethylene bromide (Kahlbaum) into 
boiling isoamyl alcohol and zinc dust (SO). The evolved 
gas was bubbled through 10 per cent potassium permanganate 
to remove olefins, liquefied, and fractionated. However, the 
product was not pure, probably because the permanganate 
treatment was not thorough enough. About 20 per cent by

volume dissolved quickly in bromine water, and the re
mainder slowly; b. p. —28° to —27° C. (compare the value 
—34.4° C. given in the International Critical Tables, IS).

The values obtained in various experiments are collected 
in Table I.

T a b le  I— R e s u lts  of E x p e r im e n ts  w ith  V ario u s  S u b s ta n c e s

S u b s t a n c e P r o c e d u r e  S h a k i n gi  R O C E D U R E  p E R IO D
N o. O F  
E x p t s .

M o l s  B r2 
p e r  1 M o l

S u b s t a n c e

Hours
P A R A F F IN S 0

M ethane
E thane
B utane
Isobutane

S tandard  2*/i 
S tandard  V / i  
S tandard  1V« 
S tandard  1 ‘A

1
1
1
1

0.01
0 .0 0
0.02
0.07

a In  th is series the  gases were not shaken with pyrogallate solution, 
bu t were washed with bromine in potassium  bromide solution to  remove 
any unsatu rated  com pounds th a t  were present.

S O B S T A N C B P r o c e d u r e

K  M o l s  Br* 
E x ¿ t s  m w I M o l  

* S u b s t a n c e

O L E F IN S
Ethylene S tandard 4 1.01

W ith 7 X 10-« mols 0 2 * 2 0 .95
W ith 5 X 10"* mois A1C1> 1 0.16
W ith 5 X 10"» mols Ala(SOi)i 2 0 .46
W ith 5 X 10-* mols A12(C4H<0«)1 1 0.47
W ith 6 X 10-* mols NiCli 1 0.15
W ith 5 X 10-» mols NiSOi 2 0.46
W ith 5 X 10-* mois HC1 1 1.02

Propene Standard 1 1.01
W ith 5 X 10-* mols Alj(SO«)i 1 1.00

1-Butene Standard 1 1.07
W ith 5 X 10"* mois A1CU 1 1.04

2-Butene W ith  5 X 10"* mols A12(SO*)i 1 0 .98
Isobutene Standard 1 1.01
Isopropylethene S tandard 1 1.06

D IO L E F IN S
Propadiene (allene) S tandard 1 1.94
1,3-Butadiene

(erythrene; S tandard 1 2 .00

A C E T Y L E N E S *
Acetylene (25 .6%

m ixture in air) S tandard 1 1.89
Acetylene (25 .6%

m ixture in air) S tandard  (except no t washed by
pyrogallate) 1 1.47

Acetylene (1 .48  X
10“ * mols) 1.36 X 10-* mols O, added 1 1.64

Acetylene (1 .42  X
10 * mols) 3 .23  X 10“ * mols Ot added 1 1.49

M ethy l acetylene S tandard 2 1.97
E thy l acetylene S tandard 2 2 .02
1-Heptine Standard 1 2.01
1-Octine S tandard 2 1.74
2-Octine S tandard 1 2.05
4-Nonine Standard 1 1.75

6 N um erous prelim inary experim ents carried o u t before th e  role of 
oxygen was recognized indicated th a t  alum inum , nickel, and  mercuric 
salts aided th e  quan tita tive  titra tio n  of acetylene, b u t since these sam e salts 
prevent the  q u an tita tiv e  titra tio n  of ethylene they  were no t fu r th er in
vestigated.

Cyclopropane
(trim ethylene)

C Y C L IC  H Y D R O C A R B O N S *

Standard  
W ith a ir present

0 .17
0 .16

e About 20 p e r cent of th is  sample dissolved rap id ly  in a solution of bro
mine and potassium  brom ide, th e  rem ainder very slowly, hence i t  m ust have 
contained some olefin (see preparation  above).

Mixtures

A synthetic mixture (Experiment 3, Table II) containing 
18.4 per cent of acetylene and 19.6 per cent of ethylene in 
air was titrated by the standard procedure (first washing with 
pyrogallate solution to remove oxygen). A 98.0-cc. sample 
(3.88 X 10~3 mols) containing 38 per cent (1.47 X 10~3mols) 
of unsaturated gases, as shown by absorption in bromine 
water, reacted with 2.15 X 10-3 mols of bromine. Prom 
these figures the composition of the gas is easily calculated:

% acetylene = X 100 = 17.6% (compare 18.4%
actual)

% ethylene = x  100 = 20.4% (compare
19.6% actual)

These results are in f air agreement with the actual composition 
of the sample. As pointed out below, the pyrogallate solu-
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tion absorbs some of the unsaturated gases and more of the 
acetylenes than of the olefins. The collected results of the 
tests on synthetic mixtures are shown in Table II.
T a b le  I I — A n aly sis  o f S y n th e t ic  M ix tu re s  by  S ta n d a rd  P ro c e d u re

E x p b r i
m bn t

M ix t u r b
O l e f in A cbty lbn b

F o u n d A c tu a l F o u n d A ctu a l

M ol % M ol % M ol % M ol %
1 E th y le n e , ac e ty le n e 6 4 .0 6 2 .5 2 5 .7 2 8 .1
2 E th y le n e , ac e ty le n e 6 3 .5 6 2 .5 2 7 .1 2 8 .1
3 E th y le n e , ac e ty le n e 2 0 .4  ’ 1 9 .6 1 7 .6 1 8 .4
4 E th y le n e , ac e ty le n e 2 1 .4 1 9 .4 1 5 .2 1 7 .0
5 2 -B u te n e , m e th y l ac e ty le n e 3 3 .2 3 7 .1 6 6 .8 6 2 .9

Dobrjanski (7) has used a similar method with success 
for the determination of erythrene in its mixtures with 
butenes, but his procedure is considerably more complicated.

Since acetylene is known to be more soluble in water than 
some of the gaseous olefins, being 8.6 times as soluble as 
ethylene at 25° to 30° C. (17), several semi-quantitative tests 
were carried out on the relative solubilities in pyrogallate 
reagent. Ethylene, propene, and 1-butene were absorbed at a 
rate of approximately 0.1 cc. per minute of contact when 
100 cc. of gas were shaken well in a Hempel pipet filled with 
the reagent which was comparatively free from the olefins. 
On the other hand, acetylene was absorbed at a rate of 0.8 to
0.9 cc. per minute of contact under similar conditions.

Discussion

The most important facts which have been made clear 
by these experiments are that oxygen prevents the titration of 
acetylenes and that the titrations are largely quantitative in 
its absence. What may be a similar effect has been observed 
by Verhoogen (21) in brominations of the stereoisomers of 
n, fi-d ichlorethylene. She found that the fraction of the 
bromine disappearing after 23 hours varied with the gas 
in contact as follows: air, 0.14; nitrogen, 0.99; carbon
dioxide, 0.998; and oxygen, 0.03.

I t is possible that the explanation of these phenomena is that 
the intermediate dibromoethylenes absorb oxygen to give, after 
intramolecular rearrangement, bromacetyl bromides. Demole
(6) showed that 1,1-dibromoethylene absorbs oxygen and Ver
hoogen (21) showed that the trans-form of a, fi-dichlorethylene 
was greatly changed on standing 23 hours with oxygen. The 
resulting liquid fumed strongly in air, liberating hydrogen 
chloride and ketones. If this explanation is correct, it 
should be possible by careful measurements to detect the 
actual absorption of oxygen, and also to identify the prod
ucts. On the other hand we may be dealing here with 
negative catalysis. Verhoogen concluded that in her ex

periments cited above, the rates of bromine addition were 
different.

The products from the bromination of the acetylenes 
in the absence of oxygen were heavy colorless liquids which 
sometimes crystallized. If, as seems probable, they are the 
corresponding tetrabromides, a way is open for the prepa
ration of numerous tetrabromides which formerly have been 
difficult to synthesize.

The influence of oxygen in titrations by the Hanus and 
other methods will bear investigation. Thus Faragher, 
Gruse, and Gamer (8) found that 1-heptine adds, from the 
Hanus reagent, only halogen corresponding to one double 
bond, whereas in our experiments both bonds were apparently 
saturated (see Table I).

Now that the disturbing influence of oxygen in these 
titrations has been made clear, the use of the bromide-bro- 
mate method for estimating unsaturated hydrocarbons can 
probably be considerably extended.

The error caused by the solubility of acetylene in aqueous 
solutions is serious. When in Experiment 1 of the acetylene 
section of Table I a correction is made for the solubility of 
the acetylene in the pyrogallate solution, the value 1.98 mola 
of bromine per mol of acetylene actually admitted to the 
reaction flask is obtained. Thus, it is obvious that for more 
accurate determinations of the unsaturated hydrocarbons in 
mixtures, it will be necessary either to use some other method 
for removing the oxygen, or to determine experimentally 
corrections for the solubilities of the gases present in the 
mixture.
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Q uantitative D eterm ination of P y re th rin  I1
Ralph C. Yollmar

C h e m i c a l  L a b o r a t o r y , S t a n d a r d  O i l  C o m p a n y  o f  C a l i f o r n i a , R i c h m o n d , C a l i f .

THE classical researches of Staudinger and Ruzicka (4) 
established the constitution of the toxic principles 
present in pyrethrum flowers. They gave to the two 

active constituents the names pyrethrin I and pyrethrin 
II, and assigned to them the formulas given herewith.

Two methods for the quantitative determination of these 
constituents have been investigated by the author. I t is 
the purpose of this paper to discuss the results which were 
obtained, and to report a series of experiments relating to 
the determination of these constituents in kerosene extract 
of pyrethrum flowers.

1 Received October 6» 1930.
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A method based on the ability of the pyrethrins to re
duce alkaline copper solution and to measure the amount re-
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duced by comparison with a standard dextrose solution has 
been described by Gnadinger and Corl (1).

The acid method, originally published by Staudinger and 
Harder (S), has been simplified by Tattersfield, Hobson, 
and Gimingham (5,6). Their short acid method for pyrethrin 
I is a determination which requires but a small sample and 
can be carried out in a short time. Briefly, 10 or 20 grams of 
flowers are extracted with petroleum ether in a Soxhlet ex
tractor, the extract is hydrolyzed with alcoholic soda, is 
made acid and steam-distilled. The distillate is titrated 
with 0.02 N  caustic soda.

Pyrethrin I has been shown to be more toxic to insects 
than pyrethrin II. Tattersfield, Hobson, and Gimingham 
found pyrethrin II to be but one-tenth the toxic strength of 
pyrethrin I, but in a more recent papier (2), Gnadinger and 
Cor! maintain it is about 80 per cent as toxic. Inasmuch as 
the ratio of pyrethrin I to pyrethrin II is fairly constant, a 
method for the determination of pyrethrin I in flowers or an 
extract gives a good index of its toxic strength, regardless 
of the relative toxicity of the two constituents.

Sample 1, a sample of 1928 Dalmatian flowers, was run 
by both the short acid and the copper reduction methods 
with results that gave a good comparison between these two. 
The short acid method gave 0.31 per cent pyrethrin I, while 
the copper reduction method showed 0.75 per cent total 
pyrethrins.

The short acid method has been applied to a group of 
Dalmatian and California flowers, with the results given in 
Table I.

T a b le  I— A n a ly s is  o f  P y r e  t h r u m F lo w e rs
Sa m pl e D e s c r ip t io n P y r e t h r in

%
1 1928 D a lm a tia n , closed 0 .3 1

36 1928 D a lm a tia n , closed 0 .2 4
31 1928 D a lm a tia n , closed 0 .2 3
61 1929 D a lm a tia n , closed 0 .2 1
56 1929 C alifo rn ia , open 0 .2 0
63 S tem s from  sam p le  56 0 .0 2 1

Experimental Work

Both these methods have been described only for samples 
of flower, stems, stalks, etc. A method for determining 
these constituents in a kerosene extract would be of value 
as a control test in the preparation of such extracts as are 
often used in commercial insect sprays. The short acid 
method was selected as the one best suited for developing 
into a control method.

No sample of pure pyrethrins or of an extract containing 
a known concentration of them was available to serve as a 
standard for experimental work, so a sample of concentrated 
kerosene extract was run several times by the method de
scribed for the flowers. A 5-cc. sample was used, along with 
45 cc. of low boiling petroleum ether. A dilute extract was 
prepared by adding nineteen parts of kerosene to one part 
of concentrated extract, and this sample was run by the vari
ous methods described below. Table II shows the results on 
the original and dilute samples. For purposes of comparison, 
the results on the dilute sample have been calculated back 
to the original sample.

T a b le  I I — P y r e th r in  I C o n te n t  o f C o n c e n tr a te d  E x tra c t  
M e t h o d  P y h k t h r i n  I

Grams/liter
Original 3 .6 , 4 .6 , 4 .8 , 4 .8 , 5 .4 , 6 .2  (av. 4 .9 )
D ilu te  samples:

Original 1 .8
Superheated steam  4 .7 , 5 .1
Vacuum  distillation 5 .0 , 5 .1
H ydrolysis (2 extractions) 4 .6 , 4 .9
H ydrolysis (3 extractions) 5 .0

I t  will be noted that when the short acid method was 
applied directly to this dilute extract, using a 100-cc. sample, 
less than one-half the pyrethrin I is determined. This is 
probably due to the large volume of kerosene present in the

distillation flask since 100 cc. more distillate collected gave 
but a small additional titration. A small volume of kerosene 
does not seem to affect the distillation.

The method which makes use of superheated steam is one 
in which 90 to 95 per cent of the kerosene is distilled, after 
hydrolysis of the pyrethrins, at a temperature of about 200° C. 
in a current of superheated steam. The results obtained 
were in good agreement with results from other methods, 
but no further work has been done on this one because the 
hydrolysis method gave equally good results, and is simpler.

In the vacuum distillation method, the same amount of 
kerosene was distilled at a pressure of from 2 to 3 mm. This 
method was not further developed on account of mechanical 
difficulties which render it unsatisfactory as a control method.

The hydrolysis method is based on the saponification of 
pyrethrin I to form the sodium salt of chrysanthemum mono- 
carboxylic acid.

COONa

¿H
(C II)).C —C H 'C II— C (C H .).

This removes the pyrethrin I from the kerosene layer, which 
may then be discarded. In order to keep the volume low and 
avoid transferring to a separatory funnel, the kerosene so
lution is extracted with two successive portions of alcoholic 
soda, and these extracts, along with a few cubic centimeters of 
kerosene, are then combined. Two extractions were found 
sufficient for complete removal of the pyrethrin I. When 
acid is added, the sodium salt breaks up, and the monocar- 
boxylic acid is steam-distilled and titrated in the manner 
described by Tattersfield and Hobson (6).

Good checks were obtained using this method. Different 
operators running the same sample obtained results checking 
within 10 per cent of the total pyrethrin I, and an experienced 
operator can check himself within 5 per cent. Table III 
shows the results of a series of experiments in which ground 
Dalmatian flowers were steeped with kerosene at approxi
mately 40° C. for 24 hours, after which the flowers were 
drained (but not dried), and analyses were run on both 
the wet flowers and the extract. The kerosene content of 
the wet flowers was about 30 per cent.

T a b le  I I I — C o m p a ris o n  o f S p ? n t  F low ers  w ith  E x tra c ts
S a m p l e P y r e t h r i n  I

W et flowers E x tract
% %

37 0.067 0.064
40 0.040 0.041
42 0.018 0.024
44 0.015 0.012
46 0.008 0.009
64° 0.030

Sam ple 64 was a mix of equal p a rts  of sam ples 40 and

The method which has been used to determine pyrethrin 
I in kerosene extracts follows. The presence of any ester 
of the type which is often used for an odorant will cause high 
results, hence this method is applicable only to extracts which 
are known to contain no foreign material. For the same 
reason it is not suitable for use in the qualitative determina
tion of pyrethrins in an unknown extract.

Method

S o l u t i o n  R e q u i r e d —Sodium hydroxide in methanol, 
approximately 1 N. Fiftieth normal sodium hydroxide,
0.02 N. The strength of this solution should be checked 
occasionally. Sulfuric acid, 1 N. Petroleum ether, maxi
mum boiling point 60° C.

A p p a r a t u s —For refluxing the sample and subsequent dis
tillation, use a long-necked flask of 100 cc. capacity. The 
author used an ordinary distillation flask on which the side 
arm had been sealed.
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P r o c e d u r e —Measure 100 cc. of extract into a long-necked 
flask of the type described above. (A smaller sample may be 
used if more than 0.05 per cent pyrethrin I is known to be 
present.) Add 5 cc. alcoholic soda solution and reflux for 
l 1/ 2 to 2 hours, the bulb of the flask being immersed in a 
beaker of hot water. Shake occasionally. Remove from 
the beaker and pour off as much kerosene as can be decanted 
without disturbing the alcohol layer into another similar 
flask which contains a second 5 cc. portion of alcoholic soda. 
Reflux as before, and when completed, pour off the kerosene 
layer, rejecting it. A few cubic centimeters of kerosene 
will remain in each flask. Add to the second flask 11 cc. 
1 N  sulfuric acid, shake, and transfer to the first flask. Rinse 
the second flask with two 25-cc. portions of petroleum ether, 
and after transferring these washings to the first flask, con
firm its acidity with phenolphthalein. Distil in a current of 
steam, using a  long condenser cooled with ice water. Do not 
apply a flame to the distillation flask until all the petroleum 
ether has been distilled. Collect the petroleum ether and 
50 cc. of water in a separatory funnel, then continue the dis
tillation until an additional 50 cc. of distillate has been col
lected. Keep the volume low in the distillation flask, but 
do not allow it to go dry.

The titration is carried out in an Erlenmeyer flask to 
which has been added about 20 cc. carbon dioxide-free 
water, a few cubic centimeters of ethyl alcohol, and 1 cc. of 
phenolphthalein indicator. Add to this enough 0.02 N  
sodium hydroxide to give a definite pink color, usually one to 
two drops will be sufficient. Shake the contents of the sepa
ratory funnel vigorously and add the water layer to the 
second 50 cc. of distillate. Wash the petroleum ether layer

with about 20 cc. of water, then add it to the titration flask. 
Titrate to a definite pink, shaking well and allowing the layers 
to separate after each addition. Extract the combined dis
tillates with a second 50-cc. portion of petroleum ether, and 
add this to the titration flask. Continue the addition of 
caustic untO the pink color is the same as it was originally. A 
blank determination should be run, using 100 cc. of kerosene, 
and the proper deduction should be made from each determi
nation. This will usually be about 0.3 cc.

C a l c u l a t i o n s —From the molecular weight of 330, we 
get the relation, 1 cc. 0.02 N  caustic = 0.0066 gram pyrethrin I.

Summary
The copper reduction and the short acid methods for deter

mining active constituents in pyrethrum flowers are compared, 
and several samples of Dalmatian and California flowers run 
by the short acid method.

A series of experiments on the adaptation of the short acid 
method to a kerosene extract of pyrethrum are discussed.

A method for the quantitative estimation of pyrethrin I  in 
a kerosene extract is described, along with a table showing py
rethrin I  content of spent flowers and the extracts from these 
flowers.
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A Modified Balance for A pproxim ate and Q uick 
W eighing1

E .  K a r r e r  

B. F . G o o d r i c h  Co., A k r o n , O h i o

MANY cases arise when the time required to make a 
weighing must be kept at a minimum either because 
the weighings are approximate and large expenditure 

of time is unwarranted or because many things of the same 
kind are to be weighed. The economics of mass production 
demand that as little time as possible be spent upon each 
weighing. There is a very simple and inexpensive method 
for accomplishing this by modifying an ordinary beam bal
ance as shown in Figure 1. A spring, S, is mounted directly 
under the beam, H, in which two adjustable studs, A, are 
inserted. These studs barely make contact with the spring, 
S, in the balanced condition. For example, the distance 
between the hardened ends of the studs and the spring may 
be 0.01 inch (0.25 mm.). The index, B, is lengthened and its 
position read by a scale, C. In making a weighing the 
scale pan, G, is depressed to the stop, E, and then is released 
quickly and carefully. If the weights on the two scale 
pans are equal the index will be deflected on its first swing to a 
point that may be marked zero on the scale, but if the weight 
on the scale pan, F, is slightly more than that on G, the index 
will not travel to that point. The distance traveled de
pends upon the difference in the weights on the pans. The 
modification described is best suited for comparing one article

1 Received Septem ber 20, 1930. Presented before the  Division of
R ubber Chem istry a t  th e  80th M eeting of the  American Chem ical Society,
C incinnati, Ohio, Septem ber 8 to  12, 1930.

with another which is intended to be of the same weight and 
which is to be trimmed or adjusted to a given weight within 
certain tolerances. In such a case the standard article 
(“weigh-by”) may be placed upon the pan F, and others, 
placed on pan G, be compared with this.

F ig u re  1— B ala n c e  M odified  fo r  In d ic a t in g  
Off w e ig h t o n  F i r s t  D eflec tio n

The scale C may be put in units of weight, of length, or of 
volume. For example, for comparison and control of pieces 
cut from ribbon or tubed stock, the scale C may be graduated 
in centimeters, indicating the length which must be cut from, 
or added to the piece in order to make its weight within 
tolerance limits equal to the weight of the standard. For
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guessed at, one must observe theoretically at least V /i oscilla
tions—making the time required approximately 3 seconds, 
but a much longer time is involved in actual practice, as 
just indicated.

1 -  T l m e  c f  o n e  h a l f - o s c i l l a t i o n .

2 - N u m b e r  o f  o3ctllcrt*oo3  H> c o m e  t o  r v ^ t  w i th o u t

A  - T i  m  e  t o  c o m c  t o  r e v f r  w  "il h o o t  S 1 

5~ •• “ ** " " wilh
Comparison with Unmodified Balance

To compare a balance modified for quick weighing with one 
unmodified and used in the ordinary way by estimation of 
the state of balance, a number of strips of rubber used in a 
routine process in the factory were weighed and adjusted by 
the two methods. The results are indicated in Figure 3, 
where the distribution of the samples according to weight is 
indicated by full columns for the balance equipped with the 
spring and used in the first deflection manner and by light 
columns for the customary method. Overweight and under
weight are indicated on the abscissa in terms of centimeters 
of length. By the new method the number of products 
which are exact is over 50 per cent greater than the number 
by the usual method. In general, the distribution is changed 
in a very favorable manner—that is, the number showing small 
over- or underweight is generally much larger by the new

Ô Î2 0I4. o ' b  O A  I .O  1*2
L O A D  O N  P A N 3  i n  K i l o o r a m s  

F ig u re  2—T im e  a n d  N u m b e r  o f O sc illa tio n s  befo re  C o rn in g  to  R e s t

general purposes, the scale C graduated in terms of grams is 
more useful. I t may even be graduated in terms of spoonfuls 
in case the materials being weighed are being meted out by 
approximate volumes, or it may indicate the number of cuts 
of a given size that are required to reduce the weight to 
within specified tolerances.

In a balance so equipped, it was found that an article could 
be laid upon the pan, the beam deflected, and the scale indi
cating the underweight or overweight read off in 2 seconds. 
By the ordinary method of weighing, this process consumed 
at least 2V2 seconds when the balances are read on the go— 
that is, when the state of balance was merely judged as to 
overweight or underweight by noting several deflections of 
the balance. An experienced operator can do this with fair 
accuracy at high speed. However, w'hen the weight is 
obtained in 2 seconds, by the modified balance, exact infor
mation as to overweight and underweight is at hand, while 
when obtained by the ordinary method just mentioned, 
the overweight or underweight is only guessed at, so that at 
least one other trial on the balance is necessitated. This 
increases the time for one adjustment to at least 5 seconds.

B /Tlter cuslomartj watgh\ng 
and adjustment

A Distribution os 
/  re-ce. i i/ad

' l'-  w fT H' ’ * >  1 " " ..............  .............. 1— -----
5 %  i  1 5  1 0 %

U nderw eigh t  O v e r w e i g h t

F ig u re  4—D is tr ib u t io n  C u rv es  fo r  O v erw eig h ted  
B locks b e fo re  a n d  a f te r  A d ju s tm e n t  w ith  O rd in a ry  a n d  
M od ified  B a lan c e s

method. The number which lie in the region of large un
derweight and large overweight are very much greater by 
the customary method than by the first deflection method 
with the modified balance. Further striking data axe shown 
in Figure 4. In this case the distribution according to weight 
of rubber blocks as received is shown by curve A. After 
weighing and trimming by the usual method the distribu
tion for several thousand blocks is represented by curve 
B. When the modified balance is used in the first deflection 
manner, curve C is obtained. The number of blocks weighing 
within 1 per cent of the standards has been greatly increased 
in the last case. There are practically no blocks differing by 
as much as 2 per cent from the standard. These weighings

I S  12 9  6  3  0  3  <5.  9 .  12 15 IS  21
Underweight- Ove-rwtiffht in mm.

F ig u re  3 —D is t r ib u t io n  of W e ig h t a m o n g  R u b b e r  B locks b efo re  a n d  
a f te r  A d ju s tm e n t  w ith  B a lan c e  

I t  was modified to  indicate offweight quickly.

Figure 2 shows how certain characteristics of a balance 
change when it is equipped with a spring for quick weighing. 
From these curves a comparison may be made for different 
modes of weighing. In the method now discussed for the 
new balance, a weighing is made on the first half-oscillation 
of the index. The time (approximately 1 second) of the 
first half-oscillation is constant over a large range of loads 
(curve 1). When the condition of the balances is merely

were made by one who had had much experience with these 
blocks in the factory. She had had no experience with the 
new method of weighing.

When the things to be checked by weighing have a 
cross section not favorable for adjustment by cutting off 
given lengths, then another method is to make certain that 
the blocks of material as delivered for checking are on an 
average slightly underweight. Then for adjustment, some 
small quantity of the material of standard shape may be added
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to bring the weight up to the comparison standard. The 
balance scale is now in terms of length, say of the stock to be 
added. An illustration of this is given in Figure 5, where 
the blocks as delivered for checking are represented by the 
distribution curve A. The resultant distribution after the 
adjustment has been made with a single weighing is repre
sented by curve B.

The “weigh-by” in the case of Figures 4 and 5 was 1.7 
kg. The variation in weight of blocks as delivered was so 
great that two springs were used to extend the offweight 
scale.

I t is to be remembered that in making these weighings 
only a single laying upon the pan is necessitated by the modi
fied balance with the single deflection method, whereas in 
the usual method, at least two, sometimes three or four 
weighing operations are required before the sample has been 
brought within limits. Not only is the distribution curve 
more favorable with the former method from the standpoint 
of elimination of waste, but it also consumes considerably 
less time. To make the weighings represented in Figure 4 
required at least 10 per cent less time using the modified 
balance in the first deflection manner than when the custo
mary method is employed. On another occasion 6 blocks 
per minute were adjusted by the new as compared with 5.04 
by the customary method, or 19 per cent faster. If a com
parison be made on the basis of the time required to bring 
about the same distribution, a much greater difference is 
brought out.

A pparatus for C ontinuous Leaching w ith  Suction1
J. F. Fudge

T b x a 9  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n , C o l l e g e  S t a t i o n , T e x a s

MANY laboratory methods require the continued 
leaching or washing of material. The addition of the 
leaching solution may become very tedious and 

time-consuming if a wash bottle or aspirator bottle be used.
Schollenberger and Dreibelbis (1) describe an apparatus for 
continuous leaching. I t is not, however, adopted to use 
with suction, and hence is unsuited to many laboratory opera
tions. For example, in the determination of the base ex
change capacity of a soil, as conducted in this laboratory,
10 grams of soil in a 35-cc. Gooch crucible are leached with 
250 ml. of a neutral, normal solution of ammonium acetate.
The excess ammonium acetate is then washed out with 95 
per cent alcohol until the leachate gives no test with Nessler’s 
solution. Suction is applied in order to reduce the time re
quired for leaching and washing. Many soils leach very 
slowly, and without some self-operating apparatus a great 
deal of time may be lost in adding the leaching solution.
For this reason, a number of different arrangements of ap
paratus were tried and the one described below finally se
lected. This has been found very satisfactory. The sizes and 
dimensions of the materials used are those adapted to the 
work described above. They may, of course, be varied at 
will to meet the requirements of other work.

The diagram gives all the essential characteristics of the 
apparatus. A few points should, however, be noted. The 
glass tubes are flush with the bottom of the stopper allowing

1 Received October 11, 1930. Technical Article 127 of th e  Texas 
Agricultural Experim ent Station .

for the complete removal of the measured volume of solution. 
The rubber tubing enables slight adjustment of the height 
of the glass tips. Tip B is 
drawn to a small hole in 
order to prevent splashing 
of the soil in the crucible.
The tip of tip B should be 
at least l/< inch below the 
tip of tip A. This differ
ence is necessary in order 
to keep the solution flow
ing from tip B when tip 
A is in the air; if A and B 
are at the same height, 
both tubes fill up with so
lution and the flow stops.
The entire ap p a ra tu s  is 
inverted after filling with 
the solution, and supported 
by a wooden support, 
with the bo ttom  of both 
tips w ith in  and below 
the  edge of the cruci
ble.
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F lftu re  5—D is t r ib u t io n  C u rv es  a f t e r  A d ju s tm e n t  
w ith  M odified  B a la n c e  o f U n d e rw e ig h t B lo ck s
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D irect and R everse T itra tion  of Sulfuric Acid w ith  
Barium  H ydrox ide1

I. M. Kolthoff and E. B. Sandell

S c h o o l  o f  C h e m i s t r y , U n i v e r s i t y

Potassium  biphtlialate (Bureau of Standards) is to be 
recommended for the standardization of barium hy
droxide. Oxalic acid is less suitable for this purpose as 
the precipitate of barium oxalate carries down some 
bioxalate or oxalic acid. By titrating in hot solution  
this error is decreased to 0.1 per cent.

The titration of sulfuric acid with barium hydroxide 
cannot be used for precise work. The best results are 
obtained if the titration is performed at room tempera
ture and if, after the first color change, the mixture is 
boiled and more base added until the color of the indi
cator persists for 15 to 30 seconds. After continued boil
ing for 5 m inutes, the solution is cooled and the titra
tion finished at room temperature. The accuracy obtained 
is 0.1 to 0.2 per cent. In the titration of a hot solution  
of sulfuric acid there is a greater occlusion of barium  
hydroxide.

M i n n e s o t a ,  M i n n e a p o l i s , M i n n .

In the precipitation of sulfuric acid with barium chlo
ride, a sm all part of the acid is occluded. In precipitation 
at room temperature the occlusion is larger than at 
higher temperature.

The titration of barium hydroxide with sulfuric acid 
leads to erroneous results. A part of the base is occluded 
and a part adsorbed by the precipitate. The adsorbed 
base can be removed by boiling the mixture with a small 
excess of sulfuric acid; the error by occlusion is still about 
1 per cent. The best results are obtained if the barium  
hydroxide is added to an excess of potassium  sulfate at 
room temperature. The mixture is titrated at room tem 
perature and, after the color change, boiled for 5 m inutes  
with a sm all excess of sulfuric acid and titrated back at 
room temperature. The accuracy obtained is 0.0 to 0.2 per 
cent. If the potassium  sulfate solution is added to the 
barium hydroxide, about 1 per cent of the base is occluded.

IT IS a well-known fact that barium sulfate precipitated 
from a sulfate or barium solution has a tendency to 
carry down other ions present in the solution. In the 

titration of sulfuric acid with barium hydroxide or in the 
reverse procedure, the possibility exists that either sulfuric 
acid or barium hydroxide may be co-precipitated. No 
accurate data on the accuracy of this titration are to be found 
in the literature. E. von Drather (2) concluded from rough 
experiments that in the titration of 0.2 N  barium hydroxide 
with 0.2 N  sulfuric acid, about 2 to 3 per cent too little base 
was found.

A special study of the deviations found in the titration of 
sulfuric acid with barium hydroxide and in the reverse pro
cedure has been made. All titrations were made with weight 
burets, and precautions were taken against contamination by 
atmospheric carbon dioxide. About 0.2 N  sulfuric acid and 
0.2 N  barium hydroxide solutions were prepared in carbon 
dioxide-free water and the normality of both determined by 
means of various standard substances. From the figures 
obtained, the normality ratio sulfuric acid to barium hy
droxide was calculated and compared with the experimental 
ratio found by direct titration. As the calculated value is a 
little uncertain owing to errors made in the standardization 
of the acid and base, the same procedure was followed with 
hydrochloric acid and sodium hydroxide. In the latter case 
the experimental ratio can be determined without encounter
ing the errors arising from the formation of a precipitate 
during the titration. Pure standard substances were pre
pared and tested for purity according to the directions given 
by one of the authors (8). The results have been corrected 
for the titration error, which was determined in an experi
mental way (for details compare Kolthoff, 3). The results 
are given in Table I. The experimental and the calculated 
ratios agree within 0.02 to 0.03 per cent.
Calculated ratio of normality : sodium hydroxide to hydrochloric 

0,18914 1.0460

T a b le  I— S ta n d a rd iz a t io n  o f R e a g e n ts

aad 0.18084 
Ratio found : 
Ratio found: 
Average:

1.0462,
1.0464,
1.0463

1.0462,
1.0464

1.0463 (bromocresol green) 
(phenolphthalein)

N ajCO j (product I)

S t a n d a r d  S u b s t a n c e  N o r m a l i t y  F o u n d

Equivalents per 1000 grams 
h y d r o c h l o r i c  a c i d  

0.18091, 0.18079, 0.18082, 
0.18087, 0.18087; av. 
0.18085

NaiCOs (product II )  0.180S3, 0.18085; av.
0.18084

KHCOa (recryst. from HjO) 0.18092, 0.18086, 0.18084;
av. 0.18087

K H C O j (pptd . w ith alcohol) 0.18084, 0.18083, 0.18084;
av. 0.18084

Borax I  0.18081, 0.18080, 0.18085;
av. 0.18082

Borax I  0.18082, 0.18082; av.
0.18082

Borax I I  0.18083, 0.18085; av.
0.18084

Average norm ality: 0.18084
s o d i u m  h y d r o x i d e

Benzoic a d d  (B. S.)

Benzoic acid (K ahlbaum )

Oxalic acid

Oxalic acid (-j-M gCh) 
Potassium  b iph thala te

Benzoic acid (B. S.)

Potassium  biph tha la te  (a) 
Potassium  b iph thala te  (&)

Oxalic acid (c)
Oxalic acid (d)

0.18912, 0.18913, 0.18910;
av. 0.18912 

0.18918, 0.18913, 0.18911;
av. 0.18914 

0.18917. 0.18915, 0.18918;
av. 0.18917 

(0.18935, 0.1894)
0.18909, 0.18912, 0.18915; 

av. 0.18912 
Average norm ality: 0.18914

B A R IU M  H Y D R O X ID E

0.19229, 0.19231, 0.19231, 
0.19233; av. 0.19231 

0.19221, 0.19222 
0.19232, 0.19233, 0.19234;

av. 0.19233 
0.19300, 0.19305 
0.19248, 0.19250, 0.19256 

Average norm ality: 0.19232

I n d i c a t o r

Bromocresol green 

M ethy l orange 

Bromocresol green 

Bromocresol green 

Bromocresol green 

M ethyl red 

Bromocresol green

Phenolphthalein

Phenolphthalein

Phenolphthalein 
Bromocresol greeq

Phenolphthalein

1 Received Septem ber 26, 1930.

The sulfuric acid was standardized against the various 
standard substances used for the hydrochloric acid solution, 
an average normality of 0.20493 (equivalents per 1000 
grams) being found. A few words may be said about the 
standardization of barium hydroxide with potassium bi
phthalate and oxalic acid, respectively. In a titration of an 
oxalic acid solution with barium hydroxide, the barium oxalate 
precipitating during the procedure carries down some oxalic 
acid or bioxalate. If the mixture is heated to boiling after 
the first color change of phenolphthalein, then cooled to 
room temperature and the titration continued until the color 
becomes pink again, the deviation is still 0.35 per cent from 
the theoretical value. By direct titration at room tem
perature Bruhns (1) found an error of 0.24 per cent, whereas
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Schmitt (4) found a deviation of 0.3 per cent. According 
to the latter the titration of a hot solution of oxalic acid gives 
theoretical results. This statement was not confirmed 
in the present work, a deviation of 0.1 per cent from the 
theoretical value being found, if a hot solution of oxalic acid 
was titrated with barium hydroxide. Therefore, for work of 
high precision oxalic acid cannot be recommended for the 
standardization of barium hydroxide. Potassium biphthal- 
ate, on the other hand, is very useful, and gives theoretical 
results if a 0.05 N  solution is titrated at a temperature of 
40° to 50° C. At room temperature some barium phthalate 
may crystallize out at the end of the titration and carry down 
a trace of barium hydroxide. The error, however, is very 
small, amounting to about 0.05 per cent. In Table I the 
results of the standardization of barium hydroxide with ben
zoic acid, potassium biphthalate, and oxalic acid, respectively, 
are also reported. The titration of potassium biphthalate 
(a) was carried out at room temperature, the results given 
under (b) were obtained at 40° to 50° C., and the results 
reported for oxalic acid (c) were found by titrating at room 
temperature until a temporary end point was reached. The 
mixture was heated to boiling, cooled with protection of a 
soda-lime tube, and the titration finished with barium hy
droxide (error 0.35 per cent). In experiment (d) the boiling 
solution of oxalic acid was titrated with barium hydroxide. 
After the end point had been reached, the color of the indi
cator did not change if the mixture was heated to boiling and 
cooled to room temperature.

Titration of Sulfuric Acid with Barium Hydroxide

The titration of sulfuric acid with barium hydroxide is 
given in Table II.
Calculated ratio of normality : sulfuric acid to barium hydroxide

T a b le  I I —T i t r a t io n  of S u lfu r ic  A cid  w ith  B a r iu m  H ydrox ide
C alcu la ted  n o rm a lity  ra t io  HjSO« : B a(O H )t,

N orm a lity  
N o. R atio  
o f  HjSO«:

1.066

A v.
D e v ia 

t io n

A v.
D e v ia 

t io n
fro m

E x p e r t T it r a  B a(O H )j fro m T r u e
m e n t A d d itio n T e m p . 

0  C.
t io n s F o u nd M ea n

%
R a tio

%
1 R oom 4 1 .0 6 7 0.1 + 0 . 12 a 100 3 1 .072 0.2 + 0 . 6
2b 
3 a 0 .5  N  B aC lt ad d e d  

in  excess to  HjSO<

100 3 1 .0 7 0 0.1 + 0 . 4

3 b
a t  room  te m p .

0 ,5  N  B aC lj ad d e d  
in  excess to  HxSO*

R oom 2 1 .0 5 7 0.0 - 0 . 8 5

3c
a t  room  tem p .

0 .5  N  B a C h  ad d e d  
in  excess to  HjSO«

R oom 2 1 .0 5 7 0 .0 5 - 0 . 8 5

4
a t  100° C.

H 1 S O 4  a d d e d  t o  
e x c e s s  B a C l j  at

100 2 1 .0 6 2 0.0 - 0 . 4

5
100° C.

Ba(N O s)5 a d d e d  to
R oom 2 1 .062 0.1 - 0 . 4

HiSO« a t  100° C . R oom 2 1 .0 6 2 0.0 - 0 . 4

Explanatory Remarks

Experiment 1. The end point obtained in the cold was not 
permanent. Therefore, the liquid was heated to boiling and 
barium hydroxide added until the mixture was slightly alkaline; 
the boiling was continued for 5 minutes and the titration then 
finished at room temperature.

Experiment 2a. Barium hydroxide was added rapidly to 
the hot sulfuric acid solution. When the end point had been 
reached (first tinge of pink) the mixture was boiled for 5 minutes; 
the pink color of phenolphthalein faded only slightly during the 
boiling. The titration was finished at room temperature.

Experiment 2b. In this case barium hydroxide was added 
very slowly to the hot sulfuric acid. End point obtained as in 
Experiment 2a.

Experiment 3a. Twenty per cent excess neutral 0.5 N  barium 
chloride solution was added drop by drop to the sulfuric acid, 
and the titration made immediately after the precipitation; 
after the first color change the mixture was boiled for 5 minutes 
and the titration finished at room temperature.

Experiment 36. After the precipitation of barium sulfate 
with barium chloride, the liquid was heated to boiling and kept 
at 100° C. for an hour, and titrated after standing overnight; 
the titration was made as in Experiment 3a.

Experiment 3c. Hot barium chloride was added drop by 
drop to hot sulfuric acid. Titration with barium hydroxide 
was made in hot solution; near the end point the liquid was 
boiled for a few minutes. The final end point was obtained at 
room temperature. If the precipitate was allowed to stand an 
hour at 100° C. and then titrated in the cold after standing 
overnight, practically the same results were obtained.

Experiment 4. Titration was made in hot solution; the final 
end point was obtained after cooling.

Experiment 5. The mixture was titrated after cooling to 
room temperature, the final end point obtained after boiling 
the liquid and cooling.

Titration of Barium Hydroxide with Sulfuric Acid

The titration of barium hydroxide with sulfuric acid is 
given in Table III.

T a b le  I I I — T i t r a t io n  o f B a r iu m  H y d ro x id e  w ith  S u lf u r ic  A cid

E x p e r i

Calculated norm ality  ra tio  H jSOi : 

No.
OF

T it r a -

Ba(O H)j,

N o r 
m a lit y

1.066

Av.
D e v ia 

t io n
fro m

Av.
D e v ia 

t io n
fro m
T r u e

m e n t A d d itio n T e m p . TION9 R a t io M e a n R a tio

la
0 C. 

Room 3 1.0S4
%

0 .3
%

+ 1 . 7

lb Room 2 1.076 0 .15 + 0 . 9 5

2 a 100 2 1.082 0 .1 + 1 . 5

2 b 100 3 1.075 0.1 + 0 .8 5
3a B a(O H )j added to 

excess K 2SO4 a t 
room tem perature Room 2 1.070 0 .0 +  0 .4

3b B a(O H )i added to 
excess K 2SO4 a t 
room  tem perature Room 3 1.064 0 .2 - 0 . 2

4a B a(O H )j added to 
excess K 2SO4 a t 
100° C. Room 3 1.083 0 .3 +  1.6

46 B a(O H )j added to 
excess KiSO« a t 
100° C. Room 3 1.066 0 .1 0 .0

5 a Excess K*SO< added 
to  B a(O H )i a t 
room  tem perature Room 2 . 1.083 0 .1 +  1 .6

5b Excess K;SO« added 
to  B a(O H )j a t 
room tem perature Room 3 1.078 0 .3 +  1.1

Explanatory Remarks

Experiment la. The average normality ratio was obtained 
by taking the first color change in the cold as the end point. 
When the mixture was boiled the liquid became alkaline owing 
to slowT liberation of co-precipitated barium hydroxide. Thus, 
in a particular titration the ratio found by taking the end point 
as the first disappearance of the pink color of phenolphthalein 
at room temperature was 1.087; after boiling 5 minutes, cooling, 
and adding acid to restore neutrality, the ratio became 1.085, 
and after another 5-minute period of boiling, 1.083, etc.

Experiment 16. When the end point had been reached in 
the cold, about 1 gram of the standard sulfuric acid was added 
in excess and the mixture boiled for 10 minutes, then cooled, 
and the acid back-titrated with barium hydroxide.

Experiment 2a. After the color change in hot solution, the 
liquid was kept at the boiling point for 10 minutes, then cooled, 
and the titration finished at room temperature. The amount 
of barium hydroxide liberated by boiling for 10 minutes corre
sponded to about one drop of 0.2 N  sulfuric acid.

Experiment 2b. After the color change at 100° C., about 
1 gram of sulfuric acid was added in excess and the mixture 
boiled for 10 minutes; after cooling to room temperature the 
titration was finished with barium hydroxide.

Experiment 3a. The barium hydroxide was added drop by 
drop to 50 cc. of 0.5 N  potassium sulfate solution and the mixture 
then titrated with sulfuric acid. Since the end point obtained 
in the cold was not permanent, the mixture was kept at 100° C. 
for 5 minutes, then cooled, and the titration finished at room 
temperature with sulfuric acid. The ratio thus obtained is 
given in Table III. After boiling the neutralized mixture for 
nearly an hour, the ratio 1.066 was obtained—nearly the 
theoretical value.

Experiment 3b. Barium hydroxide was added at room 
temperature to potassium sulfate as in Experiment 3a, but when 
a temporary end point had been obtained in the cold by titration 
with sulfuric acid, 1 gram of acid was added in excess and the 
liquid boiled for 10 minutes; the titration was finished as always 
at room temperature.
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Experiment 4a. Fifty cc. of 0.2 N  potassium sulfate were 
used. The barium hydroxide was added slowly and with con
stant shaking of the hot potassium sulfate solution. After 
cooling, the first end point obtained with sulfuric acid gave the 
ratio recorded in Table III. On boiling the mixture, barium 
hydroxide was slowly liberated. Thus, by boiling for 45 minutes 
and adding sulfuric acid whenever the liquid became alkaline, 
the value of the ratio finally obtained was 1.071.

Experiment 46. As in Experiment 4a, but when the end 
point had been reached at room temperature, a gram of 0.2 N 
sulfuric acid was added in excess and the mixture boiled 10 
minutes; the titration was then finished in the cold with barium 
hydroxide.

Experiment 5a. Fifty cc. of 0.5 N  potassium sulfate at room 
temperature were slowly added to the cold barium hydroxide 
solution and the mixture titrated cold with sulfuric acid.

Experiment 56. Same conditions as Experiment 5a, but when 
the end point was reached in the cold a slight excess of 0.2 N 
sulfuric acid was added and the mixture boiled for 10 minutes; 
the titration was finished, after cooling, with barium hydroxide.

Discussion of Results

T itra tion  o f  S u lfu r ic  Acid w i t h  Barium H ydroxide—  
Under no conditions are highly accurate results obtained; 
moreover, they are not so well reproducible as in ordinary 
acidimetric titrations where no precipitate is formed. There
fore, the titration is not suitable for work of precision. The 
best results are obtained if the acid is titrated at room tem
perature with barium hydroxide using phenolphthalein, 
phenol red, or methyl red as an indicator. After the first 
color change, the mixture is heated to boiling, more base 
is added until the color persists for 15 to 30 seconds. The 
boiling is continued for 5 minutes and the titration finished 
after cooling to room temperature (protection with soda-lime 
tube). I t  seems that a trace of barium hydroxide can be 
carried down by the barium sulfate (see Experiment 1, Table 
II); accuracy 0.1 to 0.2 per cent. For most practical work, 
these results are satisfactory.

If a hot solution of sulfuric acid is titrated, the deviation 
is much larger, amounting to about 0.6 per cent (Experiments 
2a and 26, Table II). Unexpectedly it is found that this 
error is due to co-precipitation of barium hydroxide with the 
barium sulfate although an acid solution is titrated. If 
the base is run in with great speed, a local excess is formed; 
better results may be expected if the barium hydroxide is 
added drop by drop with continuous shaking of the flask. 
That this is really the case is shown by Experiment 26, though 
the deviation is still 0.4 per cent.

If the sulfuric acid is precipitated at room temperature with 
an excess of barium chloride, a co-precipitation of sulfuric 
acid takes place. The error is about 0.9 per cent (Experiment 
3a). I t was expected that heating the mixture after precipi
tation at room temperature might decrease the deviation

as a result of growth of the small particles of the barium 
sulfate to larger crystals. However, as shown by Experiment 
3c, Table II, heating had no effect.

If a hot solution of sulfuric acid is precipitated with a 
warm solution of barium chloride, the error due to occlusion 
is smaller though it still amounts to about 0.4 per cent.

I t seems that two factors are responsible for the deviating 
results: adsorption and occlusion. Occluded sulfuric acid 
or barium hydroxide cannot be removed by boiling or by 
treatment with excess of base or of acid. The adsorbed acid 
can be removed fairly rapidly by boiling the mixture near 
the equivalence point for 5 minutes. By experiment, it 
could be shown that freshly precipitated barium sulfate 
adsorbs sulfuric acid. An excess of a hot solution of barium 
chloride was added to a warm solution of sulfuric acid. After 
5 minutes' standing the mixture was filtered, and the pre
cipitate washed with water until the reaction of the filtrate 
was neutral. The total filtrate was titrated with barium 
hydroxide. The ratio found was 1.037, thus indicating an 
adsorption of about 3 per cent sulfuric acid by the precipitate.

T i t r a t i o n  o f  B a r i u m  H y d r o x i d e  w i t h  S u l f u r i c  
Acid—In the titration of a cold or hot solution of barium 
hydroxide with sulfuric acid a strong co-precipitation of the 
base by the precipitate occurs, the error amounting to about 
2 per cent (Experiment la, Table III). This adsorbed base is 
only slowly removed by boiling the mixture near the equiva
lence point. I t is better to add a small excess of sulfuric acid, 
boil for 5 minutes, and titrate back. The error then is still 
about 0.8 to 1 per cent and is caused by an occlusion of barium 
hydroxide by the precipitate (Experiment 16).

From the Experiments 3a to 46 (Table III) it may be in
ferred that if barium hydroxide is added to an excess of neutral 
potassium sulfate solution, an adsorption of the base by the 
precipitate takes place. This adsorbed base can be removed 
by boiling the mixture near the equivalence point for a few 
minutes with a small excess of sulfuric acid. After back titra
tion at room temperature the error is 0.0 to 0.2 per cent. By 
boiling the mixture near the equivalence point without adding 
an excess of acid, the adsorbed base is very slowly removed.

If the potassium sulfate solution is added to the barium hy
droxide, an adsorption and occlusion of the base takes place. 
The error by occlusion is about 1 per cent.
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N O TES A N D  C O RRESPO N D EN CE

Colorimetric Determination of 
Silica

Editor of Industrial and Engineering Chemistry:
In a recent issue [Ind. Eng. Chem., Anal. Ed.. 2, 276 (1930)] 

Thayer has made an exhaustive criticism of the well-known Die- 
nert and Wandenbulcke [Compt. rend., 176, 1478 (1923)] method 
for the estimation of silica in natural waters. He has shown that 
in the presence of phosphate and iron the yellow color, which de
velops on adding ammonium molybdate and sulfuric acid to a 
dilute solution of silica, is considerably enhanced. In the case of 
sea water and many other natural waters, where phosphorus and

iron are present only in minute amounts, the method of Diénert 
and Wandenbulcke can be used without modification. But 
where the waters contain considerable amounts of these elements, 
it is necessary to precipitate the phosphate and the iron and de
termine the silica in the filtrate. Thayer has shown that phos
phate can be precipitated satisfactorily as calcium triphosphate 
at a weakly alkaline reaction but that in the presence of iron, in 
amounts of 25 mg. and more per liter, part of the silica is precipi
tated along with the phosphate and iron (Table IX). He has 
found, however, that iron can be precipitated in acetic acid solu
tion as ferric phosphate without loss of silica, and the excess of 
phosphate then precipitated as calcium triphosphate.
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In Thayer’s paper there occurs the paragraph (p. 281) : “After 
the writer had developed this method, his attention was called 
to^the work of King, who determined silica in animal tissue by 
the Diénert and Wandenbulcke method after removing the phos
phates with magnesia mixture. When no iron is present King’s 
method should give quite satisfactory results, for there is little 
choice between the use of magnesium and calcium chloride. King 
states that the iron is precipitated along with the phosphate. 
He does not cite data to show that there is no loss of silica from

0 5  10  U  2 .0  2 -5  3  0
Mq. of Iron

E ffec t o f I r o n  o n  R eco v ery  o f S il ica  In  
M ag n es ia  P r e c ip i ta t io n  o f P h o s p h a te  
f ro m  S il ic a te  S o lu t io n

his solutions at the same time. The experiments cited above, 
however, make it seem highly probable that part of the silica is 
precipitated as ferric silicate during the precipitation of phosphate 
in King’s procedure.”

Thayer ignores the fact that I cited four analyses of lung and 
liver tissue where the results of the colorimetric estimations agreed 
very closely with those obtained by the ordinary macro-gravi
metric method. It would seem that this close agreement of the 
results of the colorimetric method with those of the established 
method of gravimetric analysis of silica, is adequate experimental 
proof that there was no loss of silica during the precipitation of 
the phosphate and the iron which, of course, is invariably present 
in small amounts in animal tissue.

According to the reliable figures of Forbes and Swift [J. Biol. 
Chem., 67, 517 (1926)), who made a great number of careful 
analyses of a large variety of animal tissues, the largest amount 
of iron found in any tissue was 0.01SS per cent in the case of beef 
kidney with a moisture content of 78.67 per cent. This is equiva
lent to 0.088 per cent iron on the dry weight, or 0.88 mg. iron 
per gram of dry tissue.

King’s method for the estimation of silica [/. Biol. Chem., 80, 
25 (192S)] called for the use of 0.2 to 1.0 gram of dry tissue (0.25 
gram was usually used), which was ashed, and the solution of the 
ash made to 30 cc. before adding the magnesia mixture. If. 
therefore, iron in quantities up to 0.88 mg. in 30 cc. of a silica 
phosphate solution is precipitated along with the phosphate on 
addition of magnesia mixture without loss of silica, it would seem 
highly improbable "that part of the silica is precipitated as ferric 
silicate during the precipitation of phosphate in King’s proce
dure.”

The following experiment shows that silica is not precipitated 
under these conditions unless more than 1 mg. of iron is present 
in the 30 cc. of solution. Since there is only a fraction of this 
amount of iron present in the amount of tissue used, there would 
seem to be no danger of loss of silica under the conditions specified 
in the method.

(1) Test solutions were prepared containing 1 mg. of silicon 
dioxide, 2 mg. of phosphorus (as NH4H*PO«). and variable 
amounts of iron from 0 to 2 mg. (as FeCU), in 26 cc. To each 
were added 2 cc. of magnesia mixture and 2 cc, of 2.5 N  ammo
nium hydroxide. After the mixtures had stood 5 minutes they 
were centrifuged clear and 20-cc. portions of each taken for the 
determination.

(2) Test solutions, consisting of 0.5 mg. of silicon dioxide, 
1 mg. of phosphorus, different amounts of iron, and 1 cc. each of 
magnesia mixture and 2.5 N  ammonium hydroxide, were made

to 30 cc., filtered after 5 minutes, and colorimetric determinations 
made on 20 cc. of the filtrate.

The results obtained are illustrated in the accompanying graph. 
The presence of iron in quantities up to 1 mg. did not interfere 
with the recovery of the silica. Above that amount there was a 
partial precipitation of the silica which increased with larger 
quantities of iron.

E a r l  J. K i n g
D e p a r t m e n t  o f  M e d i c a l  R e s e a r c h  

U n i v e r s i t y  o p  T o r o n t o  

T o r o n t o , C a n a d a  

Septem ber 22, 1930

Editor of Industrial and Engineering Chemistry:
I regret that Mr. King apparently thinks I have implied a 

doubt as to the validity of his experimental data concerning the 
determination of silica in animal tissues, for it was hardly my 
intention so to do. It is obvious, I believe, from the comparison 
of colorimetric and gravimetric analyses cited by King in his 
original paper [/. Biol. Chem., 80, 25 (1928)], that his method of 
precipitating phosphates with magnesia mixture makes possible 
the satisfactory determination of silica in animal tissues, a point 
to which I will return later.

Neither was it my intention to reject the method as entirely 
unworthy of further attempts to develop it. Indeed, as com
pared with my calcium chloride solution, magnesia mixture has 
the advantage of being a standard reagent; and King’s method, 
if it will work under all conditions, has the advantage of carrying 
out the precipitation of both iron and phosphates in one opera
tion. It is with reference to the last point that I did, and still 
do, consider the method inadequately tested, as I shall try to 
point out.

Let us examine the results of the two experiments King cites 
in his letter with respect to the most extreme conditions which 
they represent. Experiment 2 shows that 1 (0.67?) mg. of iron 
in the presence of 0.67 mg. of phosphorus did not interfere with 
the determination of silica up to 0.33 mg. in 20 cc. of solution. 
Assuming that the iron will be precipitated as ferric phosphate 
or ferric silicate, there were present in the experimental solutions 
five equivalent weights of iron, six of phosphorus, and one of 
silica. In other words there was a slight excess of phosphorus 
over iron, and six times as much phosphate as silicate. The same 
ratio of constituents was used in both experiments; therefore the 
experiments give no information regarding the precipitation of 
silica as iron silicate when the proportion of phosphorus to silica 
is smaller. They do show that when the amount of iron is in
creased, there is a loss of silica. I believe that the worker who 
wishes to use the method would do well to assure himself more 
fully in regard to the influence of the ratio of phosphorus to 
silica and iron on the determination of silica.

It may safely be assumed, however, that there will be an excess 
of phosphorus over iron when animal tissue is the object of study, 
for the human body (if it be considered a fair example of mam
malian bodies) contains, according to Lotka ["Elements of Physi
cal Biology,” p. 197], an average of 1.14 per cent phosphorus 
as against 0.01 per cent iron. Although the ratio is reduced to 
0.4 per cent phosphorus [Forbes and Keith, Ohio Agr. Exptl. 
Sta., Tech. Bull. 5, 141 (1914)] to nearly 0.02 per cent iron 
[Forbes and Swift, J. Biel. Chem., 67, 517 (1926) ] in the case of 
beef kidney, there is still about 35 times as much phosphorus 
as iron.

L e w i s  A. T h a y e r
D e p a r t m e n t  o p  B o t a n y  

S t a n f o r d  U n i v e r s i t y ,  C a l i p .

O ctober 22, 1930

Proceedings of Wood Painting Conference
The Forest Products Laboratory. Madison, Wis., has issued in 

a mimeographed %'olume a report of the proceedings of the Wood 
Painting Conference held at Madison September 13 and 14, 
1929. This includes a complete set of formal papers and pre
pared discussion, as well as notes on extemporaneous discussion.
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T h e Cenco vacuum  oven has no equivalent 

either in heating and regulating principles 

or in the precision w ith which it controls 

tem perature in vacuo.

TEMPERATURE HELD ±0.5° IN VACUO
W ith 250 square inches o f  sh e lf space, every square 
in ch  o f w hich  m ain ta in s a tem perature identica l 
w ith  every other w ith in  a probable variable o f p lus  
or m in u s 0.5° C. at any desired tem perature se t
tin g  up to  100 degrees C. and at any pressure from  
atm ospheric to several m illim eters—no other  
appliance offers industrial ch em ists su ch  an oppor
tu n ity  for fast reliable analysis.

T he cylindrical cham ber o f  th e  Cenco vacuum  
oven is en tirely  im m ersed  in  a circu lating bath  o f  
oil, th erm ostatica lly  m ain ta in ed  a t con stan t  
tem perature by m eans o f the fam ous Cenco k nife  
type electrical h eatin g  e lem en ts and th e equally  
well know n C enco-D eK hotinsky b im eta llic  th erm o- 
regulator.

T he in n er oven door con ta in in g  a heavy Pyrex 
glass w indow  is ground on  a spherical radius in to  
a w ide seat m aking an in sta n tly  perfect con tact 
and seal.

H aving every refinem ent and an unchallen ged  per
form ance record, Cenco vacuum  oven N o. 9916 is 
a fu n d am en ta l u n it in  th e eq u ip m en t o f any  
str ictly  m odern te stin g  laboratory. See special 
catalog R-26F.
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CHEMISTS PREFER
DURIEUX FILTER PAPERS
because tests have proved that better 
filter papers are not available and papers 
of equal quality are not obtainable at 
lower prices.

For meta-stannic acid
Use Durieux No. Ill, blue ribbon

For general quantitative work
Use Durieux No. Ill, white ribbon

For gelatinous precipitates and oils, syrups, etc. 
Use Durieux No. 127

For barium sulphate, hot or cold
Use Durieux No. Ill, blue ribbon

For vacuum filtrations 
Use Durieux No. 122

For general filtering not requiring ashless paper 
Use Durieux No. 120

Nos. 120, 125, and 127 are also obtainable 
already hand folded.

Fill in and mail the following for information:

PALO CO.
153 West 23rd Street
New York, N. Y.

Gentlemen:
Please mail gratis price list and samples of Durieux 

Filter Papers.

N am e...................................................................... ..................

Firm..............................................................................................

Address.........................................................................................

P A L S  COM PANY
Apparatus for Industrial and Laboratory Use
153 West 23rd Street New York, N. Y.

PLATINUM 
ELECTRODES

The AMERICAN 
PLATINUM WORKS

N . J. R. R. A V E . A T  O LIV E R  ST.

N E WA R K ,  N . J .

for continuous accurate 
performance

W e make Platinum and Platinum-Rhodium Electrodes 
fo r the laboratory in all sizes, rotating or stationary, 

in w ire , sheet, perforated sheet and 
gauze, for all standard and special 

methods and all recognized 
electrolytic apparatus.

Platinum as 
required by the va
rious electro-chemical proc
esses. M icro  electrodes and any 
type of the small forms as used for con
ductivity apparatus.

Ask for Catalog F-16 which describes fully 
our line on Platinum Laboratory Wares.
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IMPARTIAL TESTIMONY
FROM C O M B U STIO N  TUBE USERS

ITREOSIL (vitreous silica) combustion tubes have for 
twenty years been the recognized standard in m etal

lurgical and general analysis and research work. 

We have selected from recent reports the following 
statem ents of our customers regarding ceramic and fused silica 
tubes other than Vitreosil.

“----- tubes have failed here.” Steel mill,
Youngstown district.

“Believes Vitreosil tubes are the best and al
ways says so.” Dealer, Central States.

“Now using Vitreosil combustion tubes as-----
tubes have failed.” Public utility laboratory, 
Wisconsin.

“Is now using only Vitreosil combustion 
tubes. Does not like the-----tubes.” Auto
mobile manufacturer, Detroit.

“Vitreosil combustion tubes are fine. Has
abandoned the idea of using any more -----
tubes.” Steel mill, Pittsburgh district.

“Vitreosil combustion tubes are giving good 
service. Has tried other makes but prefers 
Vitreosil.” Steel mill, Chicago district.

“Has tried both and-----tubes, neither of
which compared with the service given by 
Vitreosil.” Steel mill, Pittsburgh district.

“Vitreosil lĵ " tubes are now giving much
better service than ----- tubes ever gave.
Will continue to use them.” Steel mill, Pitts
burgh district.

“Their present tubes are and are prac
tically useless as far as running carbons is con
cerned. Intends to insist on Vitreosil next 
time.” Automobile manufacturer, Detroit.

“----- tubes have not proved satisfactory.”
Steel mill, Pittsburgh district.

tubes have failed here. Now using
Vitreosil again.” Steel mill, Pittsburgh district.

“Are using only Vitreosil combustion tubes.
The ------ tube has failed here.” Steel mill,
Pittsburgh district.

“Has tried various kinds of tubes but said 
Vitreosil has always given the best service.” 
Steel mill, Pittsburgh district.

“It is our opinion that combustion tubes
cannot be expected to stand up under severe 
service.” Dealer, Ohio.

“Now using only Vitreosil combustion tubes.
Said ------ are not nearly as satisfactory as
Vitreosil.” Metallurgical research laboratory, 
Michigan.

“Has decided Vitreosil tubes are the best to 
be had so is using them here as well as at their 
Chicago plant.” Steel mill, Pittsburgh district.

and tubes with no“Has tried both - 
success at all. Glazed Vitreosil combustion 
tubes are giving good service.” Steel mill, 
Detroit district.

“Still using a  tube but has decided that
Vitreosil is the best. The present tube is
their last. Their several other plants are all 
using Vitreosil tubes and will continue to do 
so.” Steel mill, Pittsburgh district.

UNIFORM Q U A LITY « L A R G E  S T O C K S  » QUICK DELIVERIES

T h e  T h e r m a l  S y n d i c a t e , L t d .

62 Schenectady Avenue Brooklyn, New York
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AS AN
E x p e r i m e n t

A number o f members o f the American Chemi- 
ical Society, and other purchasers o f the American 
Chemical Society Monographs have criticised the 
prices charged for them as being too high. We have 
explained that comparatively high prices are in- 
evitable on highly specialized books o f limited ap
peal, such as are most o f the volumes in the Mono- 
graph Series. We feel that the prices now being 
charged are in every instance, as low as they possibly 
could be in fairness to the undertaking as a whole.

Nevertheless, realizing that a considerably in
creased volume o f sales would justify a somewhat 
lower scale o f prices, w e have decided to try the 
experiment of granting a general reduction o f prices 
on all o f the American Chemical Society Mono
graphs for a period o f one year in the hope that 
this reduction w ill lead to increased sales in sufficient 
volume to justify us in permanently retaining the 
lower schedule o f prices.

Beginning January 1st, 19 31, and ending 
December 3'lst, 19 3 1, the following scale o f prices 
will be charged on the American Chemical Society 
Monographs; a reduction o f approximately 25% on 
last year’s list prices. For this period, the 10% dis
count available to members o f the American Chem
ical Society on the purchase o f American Chemical 
Society Monographs is discontinued.

The reduced prices listed on opposite page are strictly net.

A  Complete L ist of our Publications sent on request

The C H E M I C A L  C A T A L O G  C O M P A N Y , Inc.
419 FOURTH AVENUE NEW YORK, U. S. A.
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A. C. S. Monograph Reduced Price List
The Chemistry of Enzyme 

Actions— K. George Falk.
From $5.00 to $3.75.

Chemical Effects of Alpha  
Particles and E le ctro n s—
Samuel C. Lind. (1928).
From $5.00 to $3.75.

Organic Compounds of M er
cury— Frank G. Whitmore.
From $7.50 to $5.50.

Industrial Hydrogen— Hugh S.
Taylor. From $4.50 to 
$3.50.

Zirconium and Its Compounds
— Francis P. Venable. From 
$4.00 to $3.00.

Properties of Electrically Con
ducting Systems— Chas. A .
Kraus. From $6.50 to $5.00.

Carotinoids and Related Pig
ments— Leroy S. Palmer.
From $6.00 to $4.50.

The Analysis of Rubbei—
John B. Tuttle. From $3.50 
to $2.75.

G lue and Gelatine— Jerome 
Alexander. From $4.50 to 
$3.50.

The Chemistry of Leather 
Manufacture— John Arthur 
Wilson. Volume I. (1928) 
from $10.00 to $7.50.
Volume II. (1929). from $10.00 to $7.50.

Wood Distillation— L. F. Hawley. From $4.00 to 
$3.00.

Valence, and the Structure of Atoms and Molecules
— G ilbert N . Lewis. From $3.75 to $3.00. 

Organic Arsenical Compounds— George W. Raiziss 
and Joseph L. Gavron. From $9.00 to $6.75. 

Colloid Chemistry— The Svedberg. (1928). from 
$5.50 to $4.25.

The Structure of Crystals— Ralph W . G. Wyckoff.
from $7.50 to $5.50.

The Recovery of Gasoline from Natural Gas— George
A . Burrell. From $10.00 to $7.50.

The Chemical Aspects of Immunity— H. Gideon 
Wells. (1929), from $6.00 to $4.50. 

Molybdenum, Cerium and Related A llo y  Steels—  
H. W . G ille tt and E. L. Mack. From $5.50 to 
$4.25.

The Animal as Converter of Matter and Energy—
H. P. Armsby and C. Robert Moulton. From 
$4.50 to $3.50.

Organic Derivatives of Antimony— Walter G. Chris
tiansen. From $4.50 to $3.50.

Shale O il— Ralph H . McKee. From $6.00 to $4.50. 
The Chemistry of Wheat Flour— C. H. Bailey. From 

$6.00 to $4.50.
Surface Equilibria of Biological and Organic Colloids 

P. Lecompte du Nouy. From $4.50 to $3.50. 
The Chemistry of W ood— L. F. Hawley and Louis 

E. Wise. From $6.00 to $4.50.
Photosynthesis— H. A . Spoehr. From $6.50 to 

$5.00.
Casein and Its Industrial Applications— Edwin 

Sutermeister. From $5.00 to $3.75.

Equilibria in Saturated Salt 
Solutions— W alter C . Blas- 
dale. From $4.50 to $3.50. 

Statistical Mechanics, with 
Applications to Physics and 
Chemistry— Richard C . Tol- 
man. From $7.00 to $5.25. 

Titanium with Special Refer
ence to the Analysis of 
Titaniferous S u b stan ces—  
William M . Thornton, Jr. 
From $5.00 to $3.75. 

Phosphoric A cid , Phosphates 
and Phosphatic Fertilizers—  
William H . Waggaman and 
Henry W . E a s te rw o o d . 
From $7.50 to $5.75. 

Noxious Gases and the Princi
ples of Respiration Influenc
ing their Action— Y a n d e ll 
Henderson and H ow ard W . 
Haggard. From $4.50 to 
$3.50.

Hydrochloric A cidand Sodium 
Sulfate— N. A . L a u r y .  
From $4.00 to $3.00.

The Properties of Silica— Robert
B. Sosman. From $12.50. 
to $9.50.

The Chemistry of Water and 
Sewage Treatment— Arthur 
M . Buswell. From $7.00 

to $5.25.
The Mechanism of Homogeneous Organic Reac

tions from the Physical-chemical Standpoint—
Francis O w en  Rice. From $5.00 to $3.75. 

Protective Metallic Coatings— Henry S. Rawdon.
From $5.50 to $4.25.

Fundamentals of Dairy Science— Associates of Lore 
A . Rogers. From $5.50 to $4.50.

Modern Calorimetei— W alter P. White. From $4.00 
to $3.00.

Photochemical Processes— George B. Kistiakowsky.
From $5.50 to $4.25.

Glycerol and the Glycols— James W . Lawrie.
From $9.50 to $7.25.

Molecular Rearrangements— C . W . Porter. From 
$4.00 to $3.00.

Soluble Silicates in Industry— James G . V ail.
From $9.50 to $7.25.

Thyroxine— Edward C . Kendall. From $5.50 to 
$4.25.

The Biochemistry of the Am ino A cid s— H . H.
M itchell and T. S. Hamilton. From $9.50 to 
$7.25.

The Industrial Development of Searles Lake Brines—
John E. Teeple. From $3.00 to $2.25.

The Pyrolysis of Carbon Compounds— Charles 
Dewitt Hurd. From $12.50 to $9.50.

Tin— C . L. Mantell. From $7.00 to $5.25. 
Diatomaceous Earth— Robert Calvert. From $5.00 

to $4.00.
Bearing Metals and Bearings— W . M . Corse.

From $7.00 to $5.25.
Development of Physiological Chemistry in the 

United States— R. H . Chittenden. From $6.00 
to $4.50.

Send your orders DIRECT to the publishers— The Chemical Catalog C o ., Inc.
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Size, 16 inches In 
diameter x 12 
inches high; 

Readily portable.

for General Laboratory Use

Aminco  Constant Temperature 
W ater or Oil Bath

AN accurate, autom atically controlled and
l . stirred bath th a t is absolutely depend

able. Once the regulator is set a t the tem pera
ture desired, the AM INCO B ath will maintain 
th a t tem perature within .03° C., or better, as long 
as desired. Batteries are not required with this 
bath because the regulating current is obtained 
directly from the mains through a special built in 
voltage reducer. I t  operates on any AC or DC 
light circuit. Everything is in one compact, 
readily portable unit. The heat is well dis
tributed by three AM INCO “ Lolag” Immersion 
Heaters. Thus violent stirring is not required 
and vibration, cavitation and undue wear are at 
once eliminated. The AM INCO B ath provides 
maximum working space inside and absolute 
freedom from operating troubles.

For Complete Information— Write for Bulletin No. 2001

Am erican Instrum ent Co., Inc. 
774 Girard St., N . W., Washington, D. C.

Operates on Any 
Light Circuit— 

Reliably Accurate 
within ,03°C.

O th er B raun E q u ip m en t

Chipmunk Crusher 
U A Pulverizer 
Iron Ore and Coal Grinders 
G-H Consistency Testers 
Electrolytic Outfits 
Furnaces—Muffle, Crucible and 

Combination 
Flotation T est Machines 
Rotarex Asphalt Testers 
Oil Stills, Evaporators and Samplers

B raun Service Includes:

Pyrex Glassware
Coor’s Porcelain Ware
Filter Paper—all S tandard Brands
Balances and Weights
Hydrometers and Thermometers
Oil and Asphalt Testing Equipm ent

BRAUN
Electrolytic Cabinets
W ill sim plify and speed up your 

electrolytic determinations.

Used by many firms, both large and small, who use 
copper, lead and other metallics in the manufacturing of 
their products. Some of these firms have had the same 
Cabinets in constant operation for over 15 years.

These Cabinets are substantially built—service being 
the first consideration. For protection from acid fumes 
the ammeter, switches and operating parts are enclosed 
in the Cabinet.

Made in  three sizes: 2, 4 and 6 units. Each unit 
arranged for stationary cathodes and revolving anodes.

Write us fo r more details—we will gladly send 
you descriptive literature.

B R A U N  C O R P O R A T I O N  L T D .
San Francisco House 363 New High Street

Braun-Knecht-Heimann Co., Ltd. Los Angeles, California
B ra u n  L a b o ra to ry  A p p lia n c e s —S ta n d a rd  th e  W orld  O ver.
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D A IG G ER  R E D  S E A L  CO N D ENSERS
P a te n t  A p p lied  fo r

. ♦ * the Inner Tubes 
are In terchangeable

You m ay now have three inner tubes which can be 
used interchangeably with each condenser jacket, thus 
having three distinctly different condensers for every 
jacket.
The new double coil condenser has a marked advantage 
over the old type coil condenser . . .  its coil contains 
two tubes in place of one.

A. DAIGGER & COMPANY
KINZIE & WELLS STS., Chicago

Length Jack e t—Shoulder to Shoulder 12 Inch 
(300 mm)

15 Inch 
(375 mm)

20 Inch 
(500 mm)

24 Inch 
(600 mm)

2363 Condenser Complete, Each $0.80 JO.90 $1.00 $1.30
2363A Inner T ube Only, Each .24 .26 .30 .32

2364 Constricted Allihn Complete, Each 1.80 2.20 2.60 3.00
2364A Inner T ube  w ith Stoppers, Each 1.40 1.60 2.00 2.30

2364B Double Coil (0 0 ) , Complete, Each 2.50 3.20 4.80 5.20
2364C Inner T ube  w ith S toppers Each 2.00 2.60 4.00 4.50

LABORATORY SUPPLIES AND CHEMICALS

An Improved Tube for the Absorption of Sulphur Oxides and 
Moisture Formed in the Direct Combustion Method 

for Carbon in Iron and Steel.

This tube, with an aqueous solution of Chromic Acid and a second 
tube with a Sulphuric-Chromic Acid solution, will absorb all dioxides 
and trioxides, even in high sulphur steels. This tube is recommended 
by the U. S. Bureau of Standards.

See— Bright & Lundell, B of S. J. of Research, Oct. 1930,
Vol. 5, No. 4, RP 240 

MacKenzie, “ Iron Age,” Aug. 12, 1926

No. 2775 Sulphuric-Chromic Acid Tube, of Pyrex Glass

M cK ESSO N -D O STER -N O R TH IN G TO N , In c .
LABORATORY APPARATUS and CHEMICALS

FOR
CHEMICAL, METALLURGICAL and BIOLOGICAL LABORATORIES

1706-08-10-12 First Avenue PHONEASK FOR
OUR CATALOG BIRMINGHAM, ALA. 3 - 3 7 4 0

2364 B
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T“Jir A l\J rT'J?Tk Back Journals of the
Vf  / X l \  X  H jJLJ American Chemical Society

Address all packages to the American Chemical Society, 20th and Northampton Streets, Easton, Pa., and pay 
transportation charges. Be certain that your name and address appear on outside of package. If you desire pay
ment, which some members do not, send memorandum to Charles L. Parsons, Secretary, Mills Building, Washington,
D. C. Journals must be received in good condition. This offer is subject to withdrawal without notice.

Journal of the American Chemical Society

50th Anniversary No. (48, 8A) @ .25 each

Vol. Vol. Vol.
27, Nos. 11 and 12 @ .50 each 36, Nos. 1, 4, 5 and 6 @ .25 each 46, Nos. 6 and 7 @ .25 each
28, No. 12 @ .50 each 40, No. 6 @ .25 each 48, Nos. 5 and 10 @ .25 each
29, No. 7 @ .25 each 41, No. 5 @ .25 each 50, No. 9 @ .25 each
30, Nos. 2, 4, 5, 6 @ .25 each 45, No. 10 @ .25 each 51, No. 10 @ .25 each
31, Nos. 3, 9 ,10 ,12  @ .25 each

Industrial and Engineering Chemistry

Vol. Vol. Vol.
1, Nos. 1, 9 and 11 @ .25 each 2, No. 1 @ .25 each 19, No. 10 @ .25 each

Chemical Abstracts

First Decennial Index Vol. 1 (A-K Author) @ $6.50 each 

Vol.
1, Nos. 2, 3, 12, 13, 14, 16, 19 and 22 @ .75 each
1, Nos. 1, 4, 5, 6, 7, 8, 9, 10, 11, 15, 17, 18, 20, 21, 23, 24 and Index @ .25 each
2, No. 19 @ $1.00 each; Nos. 1, 3, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 20, 21, 22 and 24

@ .25 each 
3, Nos. 2, 3, 4, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 19, 20, 21, 22 and 23 @ .25 each
3, Nos. 1, 6, 18, 24 and Index @ .50 each
4, Nos. 4, 5, 6, 7, 8, 11, 12, 13, 14, 15, 17, 22, 23 and 24 @ .25 each
5, Nos. 1, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23 and 24 @ .25 each
7, Nos. 10 and 18 @ .25 each
8, Nos. 5, 8, 10, 15, 16, 17, 18, 19, 20 and 24 @ .25 each 21, No. 20 @ .25 each
9, No. 17 @ .25 each 22, Nos. 6, 7, 13 @ .25 each

20, Nos. 6, 15, 18, 20 and 21 @ .25 each 23, Nos. 13 and 14 @ .25 each
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AINSW ORTH PRECISION
BALANCES AND W EIG H TS 

ARE STANDARD EQUIPMENT
and meet the needs for 
increased accuracy in 
t h e  l a b o r a t o r i e s  o f  
Chem ical, Sm elting and 
Steel W orks, Industrial 
plants, research labora
tories and educational 
institutions.

Send for Bulletin A-36

WM. AINSW ORTH & SONS, Inc.
2151 LAWRENCE STREET DENVER, COLO.

Prompt service on the repairing of balances, microscopes, electrical and engineering instrum ents

Send for Catalog

Merck’s 
Laboratory Chemicals

This Catalog contains a complete 
list of our newly restandardized C. P. and 
Reagent Chemicals. They conform to or 
exceed in purity the well known and 
widely recognized “Standards of Murray” 
(1927 edition). The analysis of each C. P. 
and Reagent is given in the Catalog and 
shown on the container label.

W rite for Catalog

M ERCK & CO. i n c .
M A N U F A C T U R I N G  C H E M I S T S  

R A H W A Y ,  N. J.
N ew  Y ork P h ilad e lp h ia  St- L ouis

I n  C a n a d a : M E R C K  <5L C O . L im it e d ,  M o n tre a l

Analytical Chemical Reagents
T he am m onia salt of nitrosophenylhydroxyl- 

1 . u p i e r r o n  am ine (C«H*N.NO.ONH4). Colorless and 
perm anently  stable. Used in the  separation and determ i
nation  of Fe, V, Zr, T i, Sn, T a , and Cb. from AI, Be, P, 
B. M n and Ni. See bibliography of uses given by  Lundell 
and Knowles. I n d . E n g . C h b m . ,  12, 344 (1920).

M agnesium  Perchorate T rihyd ra te . A dry- 1 J  A v C  ¡ng reagent of established repu ta tion  for 
”  efficiency. D istributed  by  T h e  A. H . T hom as Com pany, 

Philadelphia, Pa.
A Anhydrous M agnesium  Perchlorate. A

U l i y U l U l l C  drying reagent equal in efficiency to  PiOs 
b u t having 5-7  tim es the  la tte r ’s capacity . D istributed  
by  the  J. T . Baker Chem ical Com pany, Phillipsburg, N . J.

* A nhydrous Barium  Perchlorate. A drying 
I I C o l L l / l U U i a  agent equal in efficiency and  capacity  to 

anhydrous calcium chloride bu t regenerative w ithout de
com position or deterioration. D istributed  by  th e  J. T . 
B aker Chemical Com pany.

Perchloric Acid M anufactured  in th e  following grades:
70-72%  C. P. vacuum  distilled. T his streng th  and p u rity  

unexcelled.
60%  C. P . vacuum  distilled. T his p roduct the  same as the 

above dilu ted  to  60%  strength.
7 0 %  P urified  w ith  low  n o n -v o la tile  m a tte r  a n d  silica free. 

E conom ical fo r  th e  d e te rm in a tio n  o f s ilica in  iro n , 
s tee l, lim es to n e  a n d  ce m en t b y  th e  W illa rd  a n d  C ake 
m e th o d . J . A m . C h e m . S o c ., 42 , 2208 (1920).

70%  Technical grade. T his quality  not so low in non- 
volatil as th e  “ Purified” b u t i t  is  practically  silica 
free. T his form specially supplied for th e  analysis 
of stainless steel for chrom ium  and silicon.

Potassium  or Sodium  Periodates. For use in 
l U v l l i  I v o  th e  colorim etric determ ination  of m anganese 

*“• in steel, soils, etc.
* T rade  m ark registered and copyrighted b y  the  distributors. 

Process p a ten ts  granted  or applied for covering the  m anufacture  of 
these products by  th e  G. Frederick Sm ith Chem ical Co.

W rite for the information, suggestions, and applications 
in  the use o f the above items. Request samples o f perchloric 
acid and obtain quotations. Other perchlorate chemical 
products supplied on request.

The G. Frederick Sm ith Chemical Co. 
Post Office Bos 2611—Station D 

867 McKinley Avenue Columbus, Ohio
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L aboratory  A pparatus 
for Sampling and 

Analysis of 
Coal and Coke

Modified Furnace for Fusion Tests

The American Society for Testing 
Materials and the American Chemical 
Society have jointly prepared a set of 
standards for Laboratory Sampling and 
Analysis of Coal & Coke. Definite forms 
of standardized apparatus are required 
for these tests in order to obtain uniform 
results. We carry in stock for immediate 
delivery

Modified Furnace for Fusion Tests
Corundite Crucibles
Fieldner Furnace
Moisture Ovens
VCM Silica Crucibles
Silica and Porcelain Capsules
Her Pulverizers

All according to A.S.T.M. Specifications.

Reference A .S .T .M . Test D-271-27

THE 
CHEMICAL RUBBER COMPANY

Laboratory Apparatus and Chemicals

West 112th Street and Locust Ave. 
Cleveland, Ohio

IS YOUR LABORATORY NEAT?
It Can Be 

If The

SC H W A R T Z  
E C T I O N A L  
Y S T E M

Is Installed

SAVES TIME, 
MONEY 

AND SPACE.
Supplies and Apparatus Always Kept 

in Best Condition

Write For Our N E W  Booklet

“How to Store and Catalog Chemicals, 
Re-Agents, Science Materials 

and Samples”

S C H W A R T Z  S E C TIO N A L S Y S T E M
IN D IA N A PO LIS, IN D IAN A

HYDRALO
A NEW DRYING AGENT

For Gases and Solids

Shows 100% efficiency in 
absorbing water vapor. 

Highly resistant to com 
pression and abrasion.

Better than H2SO<—-and 
not dangerous to handle.

Much better than CaCl2, 
fused KOH and NaOH—and 
does not deliquesce and cake.

Economical because it can 
be regenerated by heating at 
a low temperature, and may 
be used indefinitely.

A sam ple and descriptive  
booklet w ill gladly be 

sent on request.

STERLING PRODUCTS CO. 
EASTON, PA.
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For Filtering 
Fine Precipitates

use

WHATMAN No. 42

For such troublesome precipi
tates as Barium Sulfate, M eta- 
stannic Acid, etc., the use of 
WHATMAN Filter Paper No. 42 
is increasingly widespread.

No. 42 has been washed in HC1 
and H F ; therefore, the ash weight 
is extremely low and uniform.
No. 42 is strong enough to be used 
with vacuum and can be washed 
repeatedly without pulping.

No. 42 is the standard acid 
washed paper for fine precipitates 
in laboratories of the Metal, 
Rubber, Fertilizer, Cement and 
other chemically controlled indus
tries, as well as in Educational 
and Research Institutions.

Standardize your laboratory on 
WHATMAN and know freedom 
from Filter Paper problems.

Samples cheerfully furnished  

H. REEVE ANGEL & CO.
Incorporated

7-11 Spruce, St., New York, N. Y.

M ß W '*

m m

Con trolled-s4cce/era te d /

H I  A I H I  k O  M E T E R
STAXDM DIfXH  tVJEATil£K I\G

N ature’s Forces Analyzed

IN science and industry today it is recognized 
that the reactions which Nature’s Forces— 

Sun—Rain—Cold—Heat—set up—both chemical 
and otherwise, in materials and their organic 
protective coatings, present study difficulties of 
unusual magnitude. Weather-Ometer makes 
such studies, analysis, and measure, comparatively 
simple.
With Weather-Ometer it is possible to duplicate 
any of Nature’s Forces under conditions of any 
desired intensity, duration, or order. It is further 
possible to segregate any one of these forces for 
individual study of 
its effect upon test 
specimens. There 
is a type of 
Weather-Ometer 
available that will 
adequately meet 
any problem where 
accelera ted 
weathering infor
mation is desired.
Because of the de
sign of Weather- 
Ometer it is pos
sible to incorporate 
in it special equip
ment for tests that 
demand such. At 
the right we picture 
one type; there are 
many others. The 
choice of the exact 
equipment for your 
needs can be ma
terially helped from 
a study of the 
wealth of analyti
cal data which ten 
years of research in 
this field has enabled us to compile.
A new treatise on Weather-Ometer and its uses has just been 
issued by us. We will gladly send you your copy—without 
obligations—if you will indicate your interest. Ask for 
Bulletin IC-1.

by the makers o f Fade-Ometers and  
Launder-Ometers

T y p e  BW -M  
W e a th e r -O m e te r  fo r  o rd in a ry  

la b o ra to ry  a c c e le ra te d  w e a th e r in g  
te s ts .  O th e r  m o d e ls  a re  a v a ilab le .

N ew  Y o rk
D is tr ib u to r s  

B o s to n  L o n d o n  B er lin

E V IC E S  CO M PA N Y
Chicago, Illin o is,

DM PAN Y  H
% v:s.a :  ĵ j
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P E T E R S O N  L A B O R A T O R Y  E Q U I P M E N T  
fo r  In d u str ia l a n d  P riva te  Use

Designed in com pliance w ith the demands of m odern laboratories and con
structed w ith the precision of fine instrum ents P E T E R S O N  Industrial and Private 
Laboratory Furniture presents the ultim ate.

Prominent Industrial Plants relying on 
Peterson Equipment are: Western Electric 
Co., Universal Oil Products Co., Robert W. 
H unt & Co., Inland Steel Co., International 
Harvester Co. and many others.

N o . 1025

This table can be furnished in any length 
with drawer and cupboard space below to suit 
particular requirements. The sections are in
terchangeable.

We are also able to furnish Laboratory 
furniture made of steel.

No. 1025

W rite for Catalog No. 16-C

LEONARD PETERSON & CO. INC.
O F F IC E  AND FA C T O R Y

1222-34 FULLERTON AVENUE CHICAGO, ILLINOIS
N. Y . O F F IC E : K N IC K E R B O C K E R  B LD G -, 4 2 n d 'A N D  BROADW AY

L495 HARTMANN MICROPHOTOMETER

This instrument is particularly suitable for 
the measurement of photographic densities, 
star magnitudes, intensities of spectrum 
lines, etc.

In order to facilitate measurements of 
spectrograms an adjustable guide for the 
plate is provided, and the instrument is set at 
an angle. For measuring star intensities the 
instrument is used with the stage in horizontal 
position.

Prom pt Delivery.

Details and Prices On Request.

THE GAERTNER SCIENTIFIC CORPORATION
1201 Wrightwood Avenue Chicago, U. S. A.


