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A. O. SMITH CORPORATION
RESEARCH AND ENGINEERING 

BUILDING

In these laboratories the finest oi precision equipm ent is used  
to develop and control the production standards of Smith 
products. Hevi Duty Furnaces are used  for m etal and ceramic 
investigations.

H E V I  D U T Y  E L E C T R I C  C O M P A N Y
HEAT TREATING FURNACES ELECTRIC EXCLUSIVELY

M I L W A U K E E ,  W I S C O N S I N
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KIMBLE GLASS C O M P A N Y  v i n e l a n d , N .  J .
N E W  Y O R K -  - C H I C A G O  • •  P H I L A D E L P H I A  • •  D E T R O I T  • • B O S T O N

A WORLD ON WHEELS
. . . CONTROLLED BY GLASS!

Along every highway and b y -w ay  from coast to  coast roll the 
products of the autom otive industry — approxim ately 24,000,000 
pleasure cars, 3,800,000 trucks, consuming upw ards of 17 billion 
gallons o f gasoline a year! T ru ly  a w orld on wheels, kep t spinning 
by m ore than 6,000,000 workers and over $2,000,000,000 in sales.

This industrial giant is the  largest single user of steel, plate glass, 
rubber, nickel, lead, mohair, gas and oil.

And Kimble Blue Line Exax Glassware helps to  guard p roduc
tion and quality in the  great laboratories controlling this world 
on wheels.

Kimble Blue Line Exax ware assures unerring accuracy, speed 
of determ ination, and reliability in test, control, analysis and research 
— w herever it stands guard in chemical, clinical, educational and 
research centers of the  nation. Its brilliant BLUE LIN E calibrations 
are fused-in. It is re tested  and annealed (strain-free). It is the 
choice o f  industry, science and medicine — for A S S U R A N C E !

Stocked by leading Laboratory Supply Houses throughout 
the United States and Canada

P i  <ÊxÂx> Ü
BLU E
m m

• ___• ____ •  The Vis ib le  G u a r a n t e e  o f  I n v i s i b l e  Q u a l i t y  * * •
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Reliable and Accurate pH Control

with the Rugged C O LEM A N  pH
E L E C T R O M E T E R

M O D E L  3D with Automatic 
Temperature Compensator

. . . Combines P R A C T I C A L  
pH and R E L I A B L E  R E D O X
The New Model 3 Coleman Electrometer combines over four years pioneering with 
the glass electrode and is meeting with an enthusiastic reception by its consistent 
and reliable operation. It incorporates the latest electronic developments, reduces 
to practice details of design and technique that insure maximum accuracy and sim
plicity. A  single switch instantly shifts the instrument from pH to R ED O X .

The New Coleman Glass Electrode is small, and adaptable to measuring the pH of 
nearly any material that is capable of wetting the surface of the bulb. Glass 
Electrode Is completely insulated from Grid Current the original True Impulse 
Amplifier.

Features that make 

the COLEM AN Superior
^ Rugged and Simple— the liquid 

junction does not drift— cannot 
"freeze."

J  Flexible— wide Variety of Sealed 
Electrode Assemblies available.

J  Assymetry correctors on all models. 
Automatic Temperature Corrector for 
special conditions.

^  Buffer standardization insures con
sistent accuracy because the instru
ment is corrected to A C T U A L  
operating conditions.

5 S E A L E D  G L A S S  ELEC TRO D E— 
A lways Ready for use— no prepara
tion necessary.

ï  P O R T A B L E — Compact and Self 
contained.

M A IL E D  O N  REQ U EST

"M easuring p H  with the Glass E le c
trode" an 1 8 page original work by 
one of Am erica's leading authorities. 
Covers a discussion of the theory of 
the glass electrode and factors that 
must be considered in its practical ap
plication. Includes a bibliography of 
130  scientific articles bearing on the 
subiect.

ADDRESS A L L  INQUIRIES TO THESE RELIABLE DEALERS
Canadian Laboratory Supplias, Ltd . 
32 Grenville  Street 
Toronto, Ontario 
How e A French Inc.
99  Broad Street 
Boston, Massachusetts 
Emil Greiner Co.
55 Vandam Street
New York , N ew  York
New Jersey Laboratory Supply Co.
235 Plane Street
Newark, New Jersey

R . W . Bergen 
328 Chestnut Street 
Philadelphia, Pennsylvania 
Burrell Technical Supply Co. 
1936  Fifth A venue 
Pittsburgh, Pennsylvania 
W . A .  Taylor & C o ., Inc. 
872 Linden Avenue 
Baltimore, M aryland 
Phippt & Bird , In c  
915 East Cary Street 
Richmond, V irg in ia

Cincinnati Scientific Co . 
224  M ain Street 
C incinnati, O h io  
Eberbsch & Son Co.
203 East L iberty Street 
A n n  A rb o r , M ichigan 
W ilkens-Anderson Co. 
111 North Canal Street 
Chicago, Illino is 
G e o . T . W alker A Co. 
324 Fifth A ven u e , South 
M inneapo lis, M inn .

G reene Brothers, Inc.
1812 G riffin  Street 
Dallas, Texas

The Denver Fire C lay Co. 
Denver, Colorado

Redman Scientific Company 
585 Howard Street 
San Francisco, California

C O L E M A N  ELECTRIC COMPANY, INC.
308 MADISON ST., M AYW OOD, ILLINOIS
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RUN T H I S  T E S T  
ON PETRI DISHES

Corning, New York

L A B O R A T O R Y  G L A S S W A R E

Jt e r h a p s , in your culture work, you have noticed but little visible 
difference in Petri Dishes. You may have even thought they were all 
alike. Sooner or later, however, the difference becomes apparent, 
frequently at a time when it is most annoying and inconvenient.
Here is a test you can run in your own laboratory, if you wish. It will 
prove conclusively that while there is small difference in cost there is a 
vast difference in the quality of Petri Dishes.
Take several Petri Dishes—one of them "PY R EX ” Brand Ware. 
Subject them to from 15 pounds to 50 pounds steam pressure in your 
sterilizer for 120 hours or longer. At the end of the test, remove and 
inspect them, and determine the loss in weight. <
The "PY R EX ” dish will have lost less weight. It will be clear, 
transparent, unclouded, permitting unhampered examination of the 
growing culture.
The comparatively small loss in weight of "PY R EX ” dishes, even 
under these accelerated test conditions, indicates definitely that the 
pH of the culture will not be appreciably changed by glass solubility.

This test will demonstrate to you, once and for all, the ability of a 
"PY R EX ” Petri Dish to withstand repeated sterilization, frequent 
washings—hard usage. Its exclusive beaded edge gives it unparalleled 
mechanical strength. You already know of its superior heat-resistant 
qualities.
Run this destructive, yet con
structive test. Convince yourself 
that it pays to specify "PY R EX ”
Brand Petri Dishes.
Only 38c per pair; substantially 
lower prices in quantity purchases.

“ P Y R E X "  is a  registered trade-mark 
and indicates manufacture by

C O R N I N G  G L A S S  W O R K S
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THE FRONT LINE OF DEFENSE
O In  every w e ll c o n tr o lle d  p la n t, lik e  th e  K e lsey -H a y es  
W h eel C orp., th e  la b o ratory  is  th e  fro n t lin e  o f d e fen se , in  
b e h a lf  o f q u a lity . S ta lw a r ts  in  th a t  lin e  are H o sk in s  E le c 
tr ic  F u rn a ces , w h o se  C h ro m el u n it s  are n o te d  for th e ir  a b il
i ty  to  “ ta k e  i t . ” N o ted  a lso , for th e  ease w ith  w h ic h  th e y  
m a y  be ren ew ed  . . . F o r  y o u r  ow n  n eed s , w e or y o u r  d ea ler  
w ill g la d ly  g ive yo u  fu ll in fo r m a tio n  on  H o sk in s  E lec tr ic  
F u rn a ces , d escrib ed  in  C a ta lo g -5 5 Y  . . . .  H o sk in s  M a n u 
fa c tu r in g  C o., D e tro it , M ich ig a n . 0

H O S K I N S
Electric FURNACES
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CENCO-DU NOUY

INTERFACIAL TENSIOMETER
For Precision M easurements of Tensions at L iqu id-Liq u id  

and V ap o r-L iq u id  Interfaces

r J ' 'H E  phenomena of absorption, cataphoresis, condensation, émulsification, evaporation, miscibility, 
osmotic pressure, solubility, etc., are present in many industrial procedures or are involved in the 

use of some industrial products. Through a clear knowledge of the surface or interfacial tensions of the 
materials employed, modifications m ay be made to establish optimum values for the most rapid or effi
cient promotion of a process or the improved utility  of the product.

The rapidity with which measurements may be made, the small quantity  of liquid required for the 
measurement, and the lack of necessity for arduous mathematical calculations to determine the results, 
make the ring method a preferred method for all kinds of work involving the measurement for the sur
face tensions of liquids. For colloidal solutions where the surface tensions change rapidly, only the ring 
method can be employed with success.

70540 IN T E R F A C IA L  TEN SIO M ETER , Cenco-du Nouy, complete with torsion wire, 6 cm platinum-lridium 
ring, olive green enameled metal carrying case and directions for use.......................................Each 1175.00

C H IC A G O  
1700 Irvins Pk. Blvd. 

Lakeview 
Station

S C I E N T I F I C
I N S T R U M E N T S m

New York • Boston • C H I C A G O  • Toronto • Los Angeles

L A B O R A T O R Y  
A P P A  R A T U S

BO STO N  
79 Amherst St. 

Cambridge A  

Station
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A.H.T. CO. SPECIFICATIO N

B U R E T T E S
Stopcocks. The stopcocks are attached directly to the cylinder of the burette without 

the slender connecting spindle formerly used. The plugs are all of 12 mm diameter a t the 
central bore.

Stopcock plugs are all finished with a deep ground corrugation and supplied with a 
rubber washer—a most important practical improvement.

All stopcocks of these Burettes are properly lubricated and fastened in place. I t  is 
necessary only to wash and dry before use. The stopcock plug need not be removed.

These Burettes are tested for leaks by immersing the lower portion, including the 
stopcock, in a beaker of water and applying air under pressure—15 inches of mercury—to 
the barrel.

“All-round” graduations. Thin, shar-ply defined, while lines extend over half the 
circumference of the cylinder, with every fifth division extending beyond the single division, 
and every tenth graduation continued entirely around the cylinder, this method being 
commonly designated as “all-round” graduation, which feature, in combination with the 
thin white line used by us, greatly facilitates reading of the meniscus particularly with No. 
2501 Burette Reader (described in pamphlet EE-84, copy sent upon request).

Tapered tips. The internal diameter of the delivery tips on stopcock burettes is a 
gradual taper, extending from 20 to 30 mm from the end, to avoid the inaccuracy caused 
by suddenlv constricted tips. The wall a t the end of the tip is approximately l l/< mm thick 
and carefully fire finished. The tips all extend for 80 mm below the stopcock to avoid 
splashing in use.

Delivery time. The delivery time of stopcock burettes is controlled between approxi
mately 40 seconds for 25 ml burettes and 65 seconds for 100 ml burettes.

Uniformity. Tubing is selected of uniform bore so that, within reasonable tolerances, 
the linear graduated distance on all burettes of the same capacity is identical.

Accuracy. All A.H.T. Co. Specification Burettes are guaranteed to be within the 
following tolerances for total or partial capacity, these having been established as reason
able for routine work:

Capacity less than, 
and including: 

10 ml 
25 ml 
50 ml 

100 ml

Limit of 
Error: 

=*=0.04 ml 
=*=0.06 ml 
±0.10 ml 
±0.20 ml

Percentage
Error:
0.4%
0.24%
0.2%
0.2%

2
5

J jk
- 5

2436

2404. Burettes, A.H.T. Co. Specification, as above described, with straight glass stopcock.
Capacity, m l..................................................................................................................  10 25
Graduation interval, m l.............................................................................................  1/20 1/10
Each................................................................................................................................  L65 1.80
20% discount in case containing................................................................................  48 48
Code W ord ................................................................................................................ Berow Berrq

10% discount in carton containing 12; 25% discount in case containing 144.

50
1/10

100
1/5

2.00 2.70
36 24

Beryc Besfo

SCHELLBACH BURETTES, A.H.T. Co Specification, with dark blue enameled stripe on white background for con
venient and accurate reading of meniscus. For obvious reasons Schellbach Burettes are not furnished with the “all-round” 
graduation. They are otherwise in exact accordance with the requirements for A.H.T. Co. Specification Burettes as above 
described.

2436. Burettes, Schellbach, with straight glass stopcock.
Capacity, m l..................................................................................................................................  25 50 100
Graduation interval, m l...............................................................................................................  1/10 1/10 1/5
Each................................................................................................................................................  ~ O o  3^75 5^5
20% discount in case containing................................................................................................  48 36 24
Code W ord.......................................................................................................................................Bhdah Bhdoe Bhdyk

10% discount in carton containing 12; 25% discount in case containing 144.

For complete assortm ent of A.H.T. Co. Specification and other Burettes, including  
Certified Burettes, see pages 114 to 122, incl., of our current catalogue.

ARTHUR H. THOMAS COMPANY
R E T A IL—W HO LESALE— E X P O R T

LABORATORY APPARATUS AND REAGENTS
W E S T  W ASHIN GTO N  SQ UARE 

P H IL A D E L P H IA , U .S .A .

Cable Address, “Balance,” Philadelphia
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Determ ination o f Silicon in Alum inum  and 
Alum inum  Alloys

H. V. CHURCHILL, R. W. BRIDGES, AND ¡VI. F. LEE, A lum inum  Research Laboratories, New K ensington, Pa.

A REV IEW  of the literature shows th a t analytical chem
ists have been more or less dissatisfied with the 

status of procedures for the determination of silicon in 
aluminum and aluminum alloys. The main basis of uncer
ta in ty  lies in the fact th a t conventional methods of acid 
decomposition of the sample often yield a residue after de
hydration which contains both silicon and silica. This situa
tion is satisfactorily met by an alkaline fusion of the residue 
which oxidizes the silicon so th a t all the silicon before vola
tilization is present as silica. Callendar (2), however, 
pointed out the possibility and the actuality of errors in the 
determination of silicon by means of acid solution of the 
sample. The error was shown to be caused by a volatiliza
tion loss of silicon during solution of the sample. The 
possibility of such error has been tacitly recognized in most 
silicon methods by the use of oxidizing acids. Thus the 
inclusion of nitric acid in most acid mixtures recommended 
has silicon oxidation as one of its purposes.

Analytical work on various aluminum alloys prepared 
under careful control seems to indicate th a t acid decom
position yields satisfactory results in most cases, although in 
others low results seem to be produced.

I t  seems obvious th a t silicon losses would be affected by 
the exact kind of acid used, the physical condition of the 
silicon as controlled by the therm al history of the metal 
being analyzed, and possibly by the compounds in which 
the silicon occurred. Typical analytical data covering the 
above points are shown in Table I. In  the second column 
0, II, IF, and T  have the following meaning: 0  designates 
metal which is fully annealed. H  designates m etal in a 
hard temper produced by cold working. IF means temper 
of metal produced by solution heat treatm ent without any 
subsequent precipitation heat treatm ent. In the case of 
17S, T  refers to the temper of m etal produced by solution 
heat treatm ent followed by aging a t  room temperature. 
In the case of 5IS, T  means the temper produced by solu
tion heat treatm ent followed by a precipitation heat trea t
ment. The third column refers to the use of an acid mix
ture made up of 485 cc. of water, 115 cc. of sulfuric acid, 
200 cc. of hydrochloric acid, and 200 cc. of nitric acid. These 
proportions are not fortuitous b u t are the resultant of evo
lution based upon necessity. Smaller proportions of nitric 
acid result in low silicon recoveries.

The data  in Table I  are representative of a larger amount 
of data which cannot be presented within allowable space 
limitations. D ata indicate satisfactory agreement between

tri-acid and sodium hydroxide results except in specific 
cases discussed below, and indicate a trend toward low re
sults in the case of perchloric acid.

T a b l e  I. S il ic o n  C o n t e n t  o p  A l u m in u m  a n d  A l u m in u m  
A l l o y s

(As determ ined after three  m ethods of decom position)
M etal Decomposed by: 

T ri- Perchloric Sodium
Alloy Tem per or Therm al H istory acid acid hydroxide

% % %
51S O 0 .93 0.92 0 .94

0 .93 0 .93 0.93
51S W 0.85 0 .75 0.94

0.80 0.73 0 .93
51S T 0.89 0 .84 0.93

0 .88 0 .84 0 .94
17S H 0 .50 0.51 0 .51

0.51 0.51 0 .51
17S O 0.48 0 .49 0.49

0.48 0 .49 0 .48
17S T 0 .48 0 .48 0 .49

0 .48 0 .47 0 .49
2S II 0.19 0.17 0 .19

0.19 0 .17 0 .19
2S 24 hours a t  148.89° C. (300° F.) 0 .20 0 .16 0 .20

0 .19 0 .16 0 .20
2S 24 hours a t  260° C. (500° F.) 0 .20 0 .17 0 .21

0.19 0 .17 0.21
3S II 0.25 0 .25 0 .2 5

0 .25 0.24 0 .2 5
3S 24 hours a t  300° C. 0 .26 0 .24 0 .25

0 .25 0 .25 0 .27
3S 24 hours a t 500° C. 0 .25 0 .26 0 .26

0 .25 0 .25 0 .26
43S II 5 .06 4 .96 5 .05

5 .05 4 .97 5 .05
43S 24 hours a t 148.89° C. (300° F.) 5.06 4 .97 5.03

5 .05 4.98 5 .06
4 .99 4 .91 5 .00

43 S 24 hours a t 260° C. (500° F.) 5.00 4.91 5.03

Marked differences between the tri-acid and the sodium 
hydroxide results are shown in the case of 5 IS-IF and 51S-7\ 
Satisfactory' agreement is shown between the two methods 
when 51S-0 is analyzed for silicon. Table I I  shows the 
normal alloying constituents or impurities present in the 
alloys.

T a b l e  II. N o m in a l  C o m p o s it io n  o r M e t a l s  A n a l y z e d

Silicon 
Iron
M anganese 
Copper 
M agnesium

1 I indicates elem ent present only as im purity .

2S 3S 43S 17S 51S
% % % %

I« I 5 .00 I 1.00
I I I I I

1.25 0 .50
Ï I Ï 4 .00 Ï

0 .50 0 .60

201
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I t  is apparent th a t significantly discrepant results occur 
only in the case of aluminum alloyed w ith magnesium sili- 
cide and then only when the metal is in a heat-treated con
dition.

In  laboratories wherein aluminum and aluminum alloys 
are analyzed on a routine basis, the filtrate from the silicon 
determination is used for the determination of other ele
ments. When the tri-acid method is used for silicon, this 
filtrate is a sulfate solution which is convenient for further 
work. The filtrate, when the sodium hydroxide m ethod is 
used, m ay consist of either sulfates or perchlorates according 
to which acid is used for dehydrating silica. However, 
the solution contains large am ounts of sodium salts which 
are somewhat undesirable.

The tendency toward low results found when perchloric 
acid is used as the decomposition reagent is somewhat disap
pointing; the use of this acid is usually desirable in determin
ing silica, since dehydration of silica is satisfactory and the 
subsequent re-solution of salts is more easily effected than 
when sulfuric acid is used.

The data shown are representative of m any other data, all 
of which indicate th a t while the tri-acid method is satisfactory 
in m ost cases the sodium hydroxide method should be used 
when aluminum-magnesium silicide alloys are analyzed for 
silicon.

The following methods give satisfactory service in deter
mining silicon in aluminum and aluminum alloys.

T ri-A cid  S o lu tio n  M eth od
Place 1 gram of sample in a 250-ec. beaker. Keeping the 

beaker covered as much as possible, cautiously add 35 cc. of acid 
mixture No. 1 (485 cc. of water, 115 cc. of sulfuric acid, 200 cc. 
of hydrochloric acid, and 200 cc. of nitric acid). When no fur
ther action can be seen, evaporate till heavy fumes of sulfuric acid 
are evolved for 15 minutes, cool, add 10 cc. of 1 to 3 sulfuric acid 
and 100 cc. of hot water, and boil until salts are dissolved. Stir 
in some paper pulp, filter through a close-textured paper, and 
wash well with not water. Evaporate the filtrate to fumes, cool, 
dissolve in water, add pulp, filter, and wash as before. Ignite the 
residues in a platinum thimble. After cooling, mix with 1 to 8 
grams (depending on amount of residue) of sodium carbonate. 
Fuse cautiously until nearly quiet, then finish with a strong heat. 
Run the melt up the sides of the crucible, cool, and place in a 
beaker with 50 cc. of 1 to 3 sulfuric acid.

When the melt has dissolved, remove the crucible, washing it 
out into the beaker. Evaporate, continue heating until heavy 
fuming has taken place for at least 15 minutes, and remove from 
heat. While still moderately warm, add a little cold water, fol
lowed by 100 cc. of hot water. Heat to complete solution of the

soluble salts, but avoid too long treatment, as the silica tends to 
redissolve. Filter, after stirring in some paper pulp, and wash 
thoroughly with hot water. Evaporate the filtrate and heat to 
fuming again to separate silica, which may have escaped the 
former dehydration, and combine with the first residue obtained. 
Dry the filters with contents, then ignite in a platinum crucible 
a t 500° C. until free from carbon, finish a t 1000° C., cool, and 
weigh. Moisten with a few drops of diluted sulfuric acid and add 
several cubic centimeters of hydrofluoric acid. Evaporate dry, 
ignite, cool, and weigh again. The loss in weight represents silica. 
Deduct a determined blank. Silicon = silica X 0.4672.

S o d iu m  H ydroxide S o lu tio n  M eth od
Dissolve 0.5 to 1.0 gram of sample in a covered Monel metal 

beaker, using 15 cc. of 30 per cent sodium hydroxide solution. 
When violent action ceases, place on a hot plate and heat gently 
until the volume of solution is reduced to about 5 cc. If the 
solution is still dark, add 2 or 3 cc. of 3 per cent hydrogen peroxide 
to hasten oxidation and again reduce the volume to about 5 cc. 
Transfer the concentrated sodium hydroxide solution to a Pyrex 
beaker containing 80 cc. of 1 to 1 sulfuric acid. Thoroughly 
police the Monel metal beaker and, using a few cubic centimeters 
of dilute sulfuric acid, wash any adhering material into the Pyrex 
beaker. Add 2 cc. of concentrated nitric acid. Evaporate to 
copious fumes and finish by the usual silica volatilization proce
dure. (This method with double dehydration was used to obtain 
results shown in last column of Table I.)

A l t e r n a t iv e  M e t h o d . (This procedure is now preferred to 
the one given above because after dehydration salts are more 
easily dissolved.) Transfer the solution to a Pyrex beaker con
taining 65 cc. of 1 to 1 sulfuric acid and 20 cc. of 60 per cent per
chloric acid. Thoroughly police the Monel beaker and cover and, 
using a few cubic centimeters of dilute sulfuric acid, wash any ad
hering material into the Pyrex beaker. Make double dehydra
tion by evaporation to copious fumes and finish by usual silica 
volatilization procedure.

Another alternative procedure, substantially as published by 
the Aluminum Research Institute (1), is: Neutralize the con
centrated sodium hydroxide solution with 1 to 1 hydrochloric 
acid and transfer it to a Pyrex beaker. Add 20 cc. of 60 per cent 
perchloric acid. Evaporate to copious fumes, cool, add 50 cc. 
of hot water, bring to a boil, filter at once using aD ashless paper 
pulp, and wash with warm 1 per cent hydrochloric acid. Add 10 
cc. of perchloric acid to filtrate, fume, and filter as before. Dry 
the filters with contents, then ignite in a platinum crucible at 
1000° C. Add a few drops of sulfuric acid and ignite to constant 
weight. Cool and weigh. Finish by the usual silica volatiliza
tion procedure.

L itera tu re  C ited
(1) Aluminum Research Institu te , Standard M ethods for Sampling

and Analyzing of Aluminum and Certain Aluminum Alloys,
1932.

(2) Callendar, L. H., Analyst, 58, SI (1933).
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Determ ining the A niline Point o f Dark 
Petroleum  Products
LEON DONN, The Texas Com pany, Beacon, N. Y.

TH E aniline point (£) is the solution tem perature of an 
oil with an equal part by volume of aniline. The Insti

tution of Petroleum Technologists (1) describes a m ethod for 
the determination of the aniline point of an oil, and remarks, 
regarding opaque oils (3), th a t their aniline points can usually 
be determined with suitable illumination or by observation of 
the thin film of the mixture which is splashed up on the sides 
of the tube during stirring.

This method works well with both transparent and not too 
dark oils. In  the case of really opaque materials, however, 
it  is practically impossible to  obtain better than a rough ap

proximation of the correct result. In  view of this, a method 
has been developed particularly for dark products and has 
been found to give results th a t are in excellent agreement with 
those obtained by the I. P. T . method.

A consideration of the viscosity of a slowly cooling solution 
of two liquids in the region of their solution tem perature re
veals the following facts:

1. Above this temperature where true solution holds, the 
viscosity of the solution increases uniformly with decreasing tem
perature.

2. When, on cooling, the solution temperature is reached
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F i g u r e  1. C u r v e  f o r  S a m p l e  10

and the solution begins to separate into finely divided particles 
of its components, the emulsion-like mass thus momentarily 
formed causes a sharp increase in viscosity. This sharp peak 
corresponds very closely to the aniline point obtained by visual 
methods.

3. As the temperature continues to fall below the solution 
temperature, the particles of components grow rapidly in size, 
so that the emulsion no longer holds. During this period of 
cooling the viscosity is found to decrease rather than increase 
with cooling. This serves to accentuate the high viscosity peak.

Apparently, a  study of the viscosity of a solution in the neigh
borhood of its solution tem perature reveals its aniline point.

Procedure
Equal parts by volume of dry distilled aniline and sample are 

introduced into an Ostwald viscometer and the viscosity tube is 
heated by means of a suitable bath to a temperature sufficiently 
high to cause complete solution. During the heating, the mix
ture of sample ana aniline is agitated by applying very gentle 
suction to the wide end of the viscometer, thereby causing a slow 
bubbling of air through the mixture which stirs it thoroughly. 
Solution having been effected, the bath is permitted to cool very 
slowly. At the same time relative viscosity readings are begun 
at this temperature above the aniline point, and continued as 
rapidly as possible during the cooling period. The time of out
flow steadin' increases with falling temperature until a maximum 
time of outflow is obtained. Thereafter, through a comparatively 
long period, the readings continually decrease with falling tem
perature. I t has been found that the temperature corresponding 
to this maximum reading corresponds very closely with the ani
line point obtained by the I. P. T. method.

The aniline used was of c. p . grade, and was dried by contact 
with anhydrous potassium carbonate for several days, and then 
distilled. Only the middle portion of the distillate was retained 
for use.

The Ostwald pipet corresponded to Eimer and Amend Catalog 
No. 32804 and had a time of outflow of 15 seconds at room tem
perature for a charge of 5 ml. of water.

The approximate tem perature of complete solution can be 
determined in several ways, the simplest being by noting the 
appearance of the mixture in the capillary of the viscometer 
after a short stirring period. For very dark samples, whose 
solutions were even too opaque for observation through the

finest viscometer capillary, a micromethod was employed, 
which consisted in rapidly transferring a drop of hot solution 
to a hot b u t gradually cooling microscope warming stage 
equipped with a thermometer, and promptly covering the 
drop with a cover glass. Observation through the micro
scope of the thin film produced by the drop between the two 
glasses showed the aniline point by the change in appearance 
from a clear, transparent, though often highly colored film, to 
the formation of a grainy film, the grains of which grew con
tinually larger until small droplets were definitely formed.

F ig u r e  2. C u r y e  f o r  S a m p l e  25

The first indication of graininess in the film was taken as the 
approximate aniline point, and the heating bath for the vis
cosity method was started a t a tem perature a few degrees 
higher than this. The behavior of the sample and aniline in 
the viscometer serves also to show whether the solution is 
complete. Successive viscosity readings of a complete solu
tion with agitation of the solution between each reading should 
agree consistently with each other, while readings of an in
complete solution taken in the same way will be erratic and

T a b l e  I. S o l u t io n  T e m p e r a t u r e

I. P. T .
Capillary-

Tube M icro-
N arrow -Tube

M ethod
Viscosity

M ethod
mple M ethod M ethod m ethod R un  1 R un 2 R un  1 R un  2

° C. 0 C. ° C. ° C. ° C. 0 C. 0 C.
1 71.2 71 .8 71.95
2 Over 80 88 .0 88.1
3 Over 90 94.1 93 .9
4 89 .8 89 .9
5 63 .6 63 ! 7
6 5Q.5 57'.5 57.5 57 .7
7 65 .0  66 .0 65 .8 65.7
8 48 49 48.7 48 .8
9 4Î* 41 .8 41.6

10 26 .5 26 .8 26.85
11 35 37.3
12 77 .5 76 .8 7Q.9
13 72.5 75.6 75.3
14 23 22 .8 22.7
15 69 67.3 67.3
16 60 57.5 58.0
17 54 49 .0 49 .0
18 60 58 .0 59 .0
19 69 64
20 73 .5 73 73.3 73 .5
21 68 » » • 68 68.1
22 43 .8 45
23 46.9 49
24 48.4 49
25 63.5 64*
26 Approx. 98 99.6 99 .5
27 Over 98 104.2 104.2
28 Over 95 101.4 101.5
29 91 90.5
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F ig u r e  3. C urve  for  S a m p le  28

not agree, because of varying am ounts of each ingredient run
ning through the capillary.

Slow cooling of the bath  is accomplished by having the 
immersion heater wired in series with a  heavy rheostat. By 
adding or taking away resistance from the heater, the cooling 
can be cut down to a very slow rate. A smooth rate of cool
ing of about 1 ° C. in 5 to 10 minutes was found to be satisfac
tory. In case a sample has a solution tem perature below 
room temperature, an immersed copper cooling coil is a con
venience for further lowering the bath  temperature.

Table I  compares solution temperatures of different samples 
by various methods. The narrow-tube method is a modifica

tion of the I. P. T . method in which the test tube employed is 
a very narrow one and the quantities of sample and aniline 
are reduced to 1 ml. each.

T a b l e  II. R e a d in g s  o n  T h r e e  S a m p l e s

Sample 10
Tim e of

Sample 25
Tim e of

Sample 28
Tim e of

Tem p. outflow Tem p. outflow Tem p. outflow
° C. Sec. ° C. Sec. ° C. Sec.
28 .0 36.2 68.0 20.1 104.2 37 .4
27 .9 36.6 67.5 20.3 103.8 38 .0
27 .8 37 .1 65.7 21.1 103.6' 38 .2
27.7 37 .4 64.8 21.8 103.1 39 .0
27 .5 38 .0 64 .5 22.7 102.8 39 .4
27 A 38 .7 64 .0 23 .8 102.25 40 .2
27 .3 39 .2 63 .6 23.4 101.8 41 .4
27.2 39 .8 63.2 23 .2 101.6 42 .6
27 .1 40 .5 62.4 22.9 101.3 42 .3
27 .0 41.4 62 .0 22 .8 101.2 41 .6
26.95 42.4 56.2 24.4 101.0 38 .0
26.9 44 .0 55.7 24.7
26 .8 44.9 54.9 25 .5
26.7 44 .8
26.6 44 .0
26 .5 43.6
26.4 43 .0

Table I I  and Figures 1, 2, and 3 illustrate the rise of the 
viscosity to a peak and its subsequent fall, the peak represent
ing the aniline point. Readings on run of sample 25 were con
tinued in order to show the second upward turn  of viscosity 
after the peak in viscosity had been reached.

S u m m ary
A new method is described for the determination of aniline 

point or solution temperature, applicable particularly to dark- 
colored samples.

L itera tu re  C ited
(1) Inst. Petroleum  Tech., “ Standard M ethods of Testing Petroleum

and Its  Products,” 3rd ed., p. 20, 1935. I. P. T. Serial Desig
nations F. 0 . 23.

(2) Tizard, H. T., and M arshall, A. G., J . Soc. Chem. Ind., 40, 20T
(1921).

(3) Van Wyk, W. R., J . Inst. Petroleum Tech., 22, 754 (1936). 

R e c e i v e d  F ebruary  6 , 1937.

R efractive In dex  o f Strontium  Nitrate
M . L . Y A K O W IT Z  AND P . S . J O R G E N S E N  

F o o d  a n d  D ru g  A d m in is t r a t io n ,  U . S . D e p a r tm e n t  o f  A g r ic u ltu re ,  S a n  F ra n c is c o ,  C a lif .

TH E use of immersion m ethods for determining the 
refractive indices of solids requires a series of immersion 

liquids whose refractive indices are known with an  accuracy 
of about 0.001. The refractive indices of the immersion 
liquids m ay be determined in a  refractom eter or by use of a 
series of isotropic crystals whose refractive indices are known. 
Chamot and Mason (2) list such a series of isotropic crystals 
to be used in determining the refractive indices of liquids by 
immersion methods. In  this list, the refractive index of 
strontium  n itrate [Sr(NOj)2] is given as 1.567.

While checking the refractive indices of a set of immersion 
oils, it was found th a t the value given by Chamot and Mason 
is incorrect. The refractive index of strontium  nitrate deter
mined by the immersion method, using white light, is 1.586. 
The sample of strontium  n itrate used was analyzed and found 
to  be pure S r(N 03); with less than 0.1 per cent water.

A check of the literature showed th a t the refractive index 
of strontium  n itrate is given as 1.5667 by International 
Critical Tables (7), F ry (5), and Landolt, Bornstein, and 
R oth (5). The compilers of these tables apparently took 
the value of 1.5667 from the standard work of G roth (6),

who depended upon the determinations of Fock (4) and Craw 
(3). The correct value is given by Behr (1) who found 
strontium  n itra te  to  have a refractive index of 1.5878, using 
sodium light and the more accurate crystal refractometer. 
Keenan (8) sta tes th a t he has depended on Behr’s deter
mination, which appears to be more nearly correct.

L itera tu re  C ited
(1) Behr, Neues Jahrb. Mineral. Geol., 1, 138 (1903).
(2) Chamot, E . M., and Mason, C. W., "H andbook of Chemical

Microscopy,” Vol. I, p. 3S7, New York, John Wiley & Sons, 
1931.

(3) Craw, Z. phys. Chem., 19,277 (1890).
(4) Fock, Z. Kryst. Mineral. Petrog., 4,585 (1880).
(5) Fry, W . H., U. S. Dept. Agr., Bull. 1108 (1922).
(6) Groth, P., “ Chemische Krystallographie,” Vol. II , p. 104,

Leipzig, W. Engelmann, 1908.
(7) In tern . Critical Tables, Vol. I, p. 165, General Index No. 2458

(1926).
(8) Keenan, G. L., private communication.
(9) Landolt, Bornstein, and R oth, “ Physikalisch-chemischo Tabel-

len,” p. 983, Table 212-D (1912).
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A Comparison o f Quantitative Methods for 
the Determ ination o f Copper

H . W . F O O T E  AND J O IIN  E . V A N C E, Y a le  U n iv e rs ity , N ew  H a v e n , C o n n .

TH E  three m ost widely used m ethods for the quantita
tive determ ination of copper are the electrolytic, the 
gravimetric, based upon the precipitation of cuprous thio- 

cyanate (or a combination of this with an oxidation titration), 
and the volumetric, which depends upon the fact th a t bi
valent copper will liberate an  equivalent am ount of iodine 
from a soluble iodide. Each m ethod has certain advan
tages and disadvantages.

The electrolytic m ethod is m ost susceptible to error in the 
presence of other ions. The gravimetric thiocyanate method 
is applicable in the presence of ions other than those of lead, 
mercury, tellurium, selenium, and the precious metals. The 
iodometric method is also widely applicable, the interfering 
substances being arsenic, antimony, iron, hexavalent molyb
denum, selenium, and the oxides of nitrogen. In  the majority 
of cases m et in practice, the interfering elements in the 
iodometric method can be controlled by the use of a buffer 
solution and by the addition of suitable reagents (6, 6).

Recently it has been shown (£) th a t the volumetric method 
is capable of giving more exact results when the usual pro
cedure is modified slightly, and the present work has been 
carried out with the purpose of comparing this modified iodo
metric method with the standard methods. This modifica
tion consists simply of the addition of 1 to  2 grams of a soluble 
thiocyanate to  the solution after alm ost all of the iodine 
liberated has been removed by the thiosulfate solution. W ith 
this modification the m ethod is so nearly quantitative th a t 
the iodine standard of the thiosulfate m ay be calculated in 
term s of copper w ithout the need for an empirical stand
ardization with copper. In  the presence of the interfering 
elements already noted, the arsenic, antimony, and iron are 
oxidized and a buffer solution is prepared, which will prevent 
the pentavalent arsenic and antim ony from liberating iodine 
from the potassium iodide. The ferric iron is converted 
into a  complex fluoride (<?). P ark  (6) recommended the use 
of a phthalate buffer, for the reason th a t the reaction liberat
ing iodine proceeds too slowly in the presence of the more 
usual acetate buffer solution. However, with the modifica
tion mentioned (2), an acetate buffer m ay be used. Sodium 
fluoride or ammonium bifluoride m ay be used to  form the 
complex iron fluoride. During the progress of this work an 
article appeared (1) pointing out th a t the addition of am
monium bifluoride to  an acid solution produces a buffer solu
tion of the correct pH  to prevent the interference of arsenic 
and antimony, as well as the interference of iron. This pro
cedure was also included in the m ethods studied.

P rocedures

The electrolytic m ethod (a) was the usual procedure as 
described by Hillebrand and Lundell (3).

The gravimetric thiocyanate m ethod (&) was according to 
Hillebrand and Lundell (8) or th a t recommended by Kolthoff 
and v. d. Meene (4).

The iodometric m ethod (c) using an acetate buffer was 
carried out in the following m anner:

The samples were dissolved in aqua regia with subsequent 
addition of potassium chlorate. The equivalent of 10 ml. of 6 N  
sulfuric acid was added and the nitric acid was removed com
pletely, often with an additional evaporation with hydrochloric 
acid. The residue was taken up in 20 to 40 ml. of water and the 
equivalent of 25 ml. of 6 V acetic acid and 12 ml. of 6 Ar ammonium

hydroxide was added. The resulting buffer solution has a pH of 
approximately 3.7. Interfering elements were, in general, added 
before the solution of the copper ore. Following the preparation 
of the buffer, sodium fluoride was added directly before titra
tion, 1 gram being used for every 0.1 gram of iron.

The iodometric method (d) using ammonium bifluoride 
was identical with (c) except th a t no acetic acid nor ammonia 
was added, the bifluoride being added directly to the sulfuric 
acid solution.

T a b l e  I. A n a l y s i s  o p  O r e  a n d  C o p p e r  S u l f i d e »

M axim um M axim um
M ethod Chalcocite Ore D eviation Copper Sulfide D eviation

CuCN S 74.47 0 .05  (7)«» + 0 .1 1  64.01 0 .02  (4) - 0 .0 6
Iodoacetate 74.36 0 .03  (7) + 0 .0 8  63 .98  0 .03  (5) + 0 .0 9
E lectrolytic 74.44 0 .04  (3) + 0 .0 7  64 .05  0 .0 2  (3) + 0 .0 3
Iodofluoride ...................................  . .  63 .98  0 .03  (6) + 0 .1 1

° D eviation indicated is the mean deviation.
& N um bers in parentheses refer to the num ber of experim ents carried out 

using the particu lar procedure.

To the solutions resulting from procedures (c) or (d), 
potassium iodide was added and the liberated iodine titra ted  
with sodium thiosulfate with the addition of ammonium 
thiocyanate near the end point. The sodium thiosulfate 
was standardized against nearly pure copper of known copper 
content.

The source of the copper used in the determ inations was 
either a specially prepared sample of cuprie sulfide or a chalco
cite ore, kindly provided by Professor Batem an of the D epart
ment of Geology of this university. The results showed no 
essential differences, whichever of the two samples was used. 
Arsenic and iron were added together in the form of arseno- 
pyrite, or separately as dihydrogen potassium arsenate and a 
solution of ferric nitrate. The antim ony was in the form of 
potassium antimonate.

The samples of copper sulfide and chalcocite were very 
finely ground and as a consequence either oxidized or ad
sorbed moisture very slightly over the period of tim e during 
which the experiments were performed. In  order always to 
be able to  compare the results w ith the known copper con
ten t of the pure samples, the two sources of copper were 
analyzed frequently, in m ost cases a sample of the pure ore 
being run simultaneously with the analysis of the same ore to 
which interfering elements had been added.

Table I  shows the results of analyses of the synthetic cupric 
sulfide or chalcocite. The term  “iodoacetate” refers to  the 
modified iodometric m ethod in an acetate buffer, while 
“ iodofluoride” refers to  the same m ethod using a fluoride- 
bifluoride buffer solution alone.

In terfer in g  E lem en ts
In  the presence of the interfering elements normally found 

in copper ores or alloys, the electrolytic m ethod is not appli
cable, so it was used only in analyses of the pure sulfides. I ts  
use here, however, serves to  show the high accuracy of the 
volumetric method; in general, the volumetric method agrees 
approximately within one p art in a thousand with the two 
gravimetric methods, though it  is definitely low by th a t 
amount. The possibility th a t there were traces of interfering 
elements in the chalcocite ore was considered; in fact, 0.02 
per cent of silver was found and the results are corrected by 
th a t amount. All other elements which m ight interfere wrere 
found to  be absent.

205
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Substances Added

A m ounts

C uSCN
M axim um  deviation  
Iodoacetate  
M axim um  deviation 
Iodofluoride 
M axim um  deviation

T a b l e  I I .  A n a l y s e s  i n  P r e s e n c e  o f  I n t e r f e r i n g  E l e m e n t s “
Fe

Gram
Fe

Gram
AsV
Gram

SbV
Gram Gram

-A rsen o p y rite -
Gram Gram

Fe +  As 
Gram

Fe +  As +  Sb 
Gram

0 .0 5 -0 .1 4  0 .2 -0 .3  0 .0 4 -0 .2  0 .0 0 8 -0 .0 2 3  0 .1 -0 .2  0 .3 -0 .4  0 . 1 - 0 . 2  +  F e 0 .0 7 -0 .1 4  Fe 0 .0 7 -0 .2
Fe 0 .0 7 -0 .1 4  As 0 .0 5 -0 .2  As 0 .0 6 -0 .2

-0 .07 (8 )6
-0 .1 4
-0 .0 3 (9 )
-0 .1 3
-0 .20 (7 )
-0 .4 1

-0 .1 2 (3 )
- 0 .1 5
-0 .0 5 (5 )
- 0 .1 5
-0 .9 3 (3 )
- 1 .7 7

-0 .0 5 (6 )  
- 0 . 21  
+ 0 .0 2 (9 ) 
+  0 .14

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

Sb 0 .01 5 -0 .0 3 2

- 0 .20(6)
-0 .3 8
-0 .24 (6 )
-0 .4 1

-0 .1 8 (3 )
-0 .2 8

° Figures given for each m ethod are m ean deviations from  per cent of copper in pure sample. 
b Figures in parentheses give num ber of determ inations carried o u t in each particu lar case.

The results of nearly 100 analyses carried out in the pres
ence of interfering elements are given in Table II. The 
arsenopyritc used had the following percentage composition: 
Fe, 33.88; As, 45.35; S, 19.62; S i0 2, 0.87. Copper, if 
present, amounted to  less than 0.02 per cent and was dis
regarded.

The size of sample of ore or cupric sulfide was varied within 
wide limits, and about half the results were carried out 
using a weight buret, the other half being w ith a volume 
buret.

Several conclusions may be drawn from the results : The re
sults are generally low by a small am ount. The iodofluoride 
method fails in the presence of more than 0.15 gram of iron 
(column 2), b u t is slightly more accurate than the iodo
acetate method in the presence of large am ounts of arseno
pyrite (column 6). In  general, the results of the volumetric 
methods are excellent. In  the presence of usual am ounts of 
iron and arsenic, such as are likely to be found particularly 
in ore analysis, i t  is of no consequence which of the two volu
m etric procedures is used, and both are in perfect agreement 
with the more laborious m ethod involving the precipitation of

copper thiocyanate (column 5). I t  was always noted th a t in 
using the iodofluoride m ethod the end point wras distinctly 
yellow rather than white, and consequently not quite so 
sharp as in the iodoacetate method. Column 9 shows the 
results of the iodoacetate m ethod in the presence of all three 
commonly occurring interfering elements.

The gravim etric procedure is applicable in the presence 
of as much as 35 mg. of antim ony; the results are no t shown 
in the table.
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Determ ination o f Rotenone in Derris and Cube
C rysta llization  fro m  E xtracts

H O W A R D  A. J O N E S , B u r e a u  o f  E n to m o lo g y  a n d  P l a n t  Q u a r a n t in e ,  U . S . D e p a r tm e n t  o f  A g r ic u ltu r e ,  B e ltsv i l le , M d .

SEVERAL years ago the author proposed a m ethod for the 
determination of rotenone in p lant m aterial involving 

extraction and crystallization with the use of carbon te tra
chloride (4) ■ Since th a t time numerous similar methods have 
been proposed, usually employing other extraction solvents, 
bu t in m ost cases crystallizing the rotenone from carbon te tra
chloride. Cahn and Boam (2) have made a detailed study 
of the extraction and crystallization and have proposed a 
modified procedure embodying several improvements. They 
have, however, questioned the accuracy of the crystallization, 
particularly for samples of low rotenone content. Other in
vestigators (1, S, 6) have stressed the need of more rapid 
extraction and have suggested other solvents, b u t have made 
no detailed study of the crystallization. The method used 
in this laboratory has also been changed from tim e to time 
since the procedure was published. The need for a shortened 
procedure and the importance of a knowledge of the accuracy 
of the determination have led to a more detailed study of this 
m ethod for rotenone determination.

The m ethod involves two phases, extraction and crystal
lization. I t  is necessary to  decide on the la tte r procedure 
first, since errors in, or improvements of, the extraction can 
l>e studied only by means of crystallization. The present

article will be confined to a description of the crystallization 
procedure adopted, a discussion of its mechanism, and an 
evaluation of its accuracy.

P roposed  C ry sta lliza tio n  P rocedure
The crystallization procedure finally adopted is similar to 

the original method, b u t the size of sample has been reduced, 
precautions have been taken to assure quantitative crystal
lization, and a test for the purity  of the separated solvate has 
been introduced. The exact procedure is as follows:

The extract from a 25-gram sample of root in a 125-cc. Erlen- 
meyer flask is evaporated on the steam bath in a current of air 
until free of solvent. The residue is treated with exactly 25 cc. of 
carbon tetrachloride, the flask is loosely stoppered, and complete 
solution is effected by gentle warming. The extract is next 
cooled in an ice bath for several minutes and then seeded with a 
few crystals of rotenone-carbon tetrachloride solvate. The 
flask is then tightly stoppered and swirled until crystallization is 
apparent. If at this stage only a small amount of crystalline 
material separates, an accurately weighed quantity of pure 
rotenone should be added, the mixture warmed to effect com
plete solution, and crystallization again induced. Sufficient 
rotenone must be present so that the result, expressed as “pure” 
rotenone, is at least 1 gram. At the same time a solution of ro
tenone in carbon tetrachloride containing 0.27 gram per 100 cc.
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of solution (the solubility a t 0° C.) is prepared for use in washing. 
The extract and the washing solution are then placed in an ice 
bath capable of maintaining a temperature of 0° C. overnight.

In the morning (the method is based on a crystallization time 
of 17 to 18 hours) the extract is filtered rapidly through a weighed 
Gooch crucible in the bottom of which has been placed a disk of 
filter paper, the flask being removed from the ice bath only long 
enough for pouring a small portion of extract into the crucible. 
The separated crystalline material is rinsed from the flask and 
washed under suction with sufficient of the ice-cold saturated 
solution (usually 6 to 10 cc.) to remove the excess mother liquor. 
Suction is applied for about 5 minutes, and then the material i3 
dried to constant weight at 40° C., which usually requires about 1 
hour. This is the weight of crude rotenone-carbon tetrachloride 
solvate.

The contents of the crucible are then broken up with a spatula 
and thoroughly mixed, and a i-gram sample is placed in a 50-cc. 
Erlenmeyer flask where it is treated with 10 cc. of alcohol which 
has been saturated with rotenone at room temperature. The 
flask is swirled for a few minutes and then tightly stoppered and 
set aside at the same temperature for 4 hours. The mixture is 
then filtered at the same temperature through a weighed Gooch 
crucible with filter-paper disk. The crystals are rinsed from 
the flask and washed under suction with the solution of alcohol 
saturated with rotenone at the temperature of the recrystalliza
tion. About 5 cc. are usually required for this. Suction is 
applied for about 3 minutes, and then the material is dried at 
105° C. to constant weight, or for about 1 hour. The weight in 
grams is multiplied by the weight of crude solvate, and to the 
product is added 0.07 gram, representing, the correction for 
rotenone held in solution in the 25 cc. of carbon tetrachloride 
used in crystallization. If any pure rotenone was added, its 
weight must be subtracted from the value obtained. This 
gives the weight of “pure” rotenone contained in the extract 
of the 25-gram root sample.

General Procedure of Study
In  this study the general procedure was to make use of 

aliquots of large volumes of carbon tetrachloride extracts of 
several root samples, to avoid errors due to possible differences 
in extraction.

In preparing an extract, 250 grams of root were treated with 1 
liter of carbon tetrachloride and the mixture was boiled on the 
steam bath under a reflux condenser for several hours. The 
mixture was filtered by suction and the marc washed on the 
filter with a small amount of hot carbon tetrachloride. The clear 
filtrate and washings, refiltered if necessary, were then made to 
exactly 1 liter. A 100-cc. aliquot of this represented approxi
mately a 25-gram sample of the root. By using aliquots of a 
single extract in the comparative study of any particular point 
in the method, samples of exactly the same composition were 
assured. These aliquots were evaporated to dryness and treated 
by whatever procedure was being tested. The total solid con
tent of each extract was determined by evaporation of smaller 
aliquots. I t was found tha t heating the dried extract on the 
steam bath overnight caused considerable decomposition, and 
excess heating should therefore be avoided. A number of com
parative determinations were made by several methods of crys
tallization in which one sample of a pair was evaporated in a 
current of air and the other in a current of carbon dioxide, with 
no difference in the final result.

T im e  o f  C rysta lliza tion

The rate  of crystallization of the solvate is an im portant 
factor in the procedure. I t  has been found th a t the crystal
lization is markedly retarded by the resinous, or nonrotenone, 
portion of .the extract. Thus, solutions of pure rotenone in 
carbon tetrachloride reached the point of equilibrium by 
crystallization, as judged by no additional separation, in a 
much shorter time than did similar solutions containing equal 
am ounts of rotenone in the presence of other extractives of 
derris and cube. Further, in the cases of both pure rotenone 
and rotenone in extracts crystallization was more rapid when 
larger proportions of rotenone were present, in accordance 
with the established fact th a t rate of crystallization is greater 
with a higher degree of supersaturation. Because of this fact 
it seems wise to run the crystallization a t  as low a tem perature 
as practical. The results also indicate th a t the resinous por

tion of the extract exerts practically no solvent effect on the 
rotenone solvate. This point will be discussed more fully in 
connection with the accuracy of the method.

P u rity  o f  th e  S olvate

The am ount of washing th a t should be given the separated 
solvate m ust be left to  the judgm ent of the analyst. Suffi
cient wash solution should be used to remove most of the 
m other liquor. Additional washing effects no appreciable 
increase in purity  and, as Calm and Boam (£) have pointed 
out, causes a loss even when a saturated solution is used. I t  
is believed th a t the impurity in the washed, dried solvate 
crystals is principally adsorbed resin.

Cahn and Boam (£) have proposed a purity  test for the sol
vate and have found th a t by this test the crystals as ordi
narily obtained are from 80 to  90 per cent pure. This test is 
based on the fact th a t the solvate, when treated with a small 
proportion of alcohol, undergoes solution and recrystallization 
as rotenone, a purification resulting as in any recrystallization. 
They used 5 parts of saturated alcohol to 1 part of solvate and 
allowed the mixture to stand overnight a t room temperature. 
This method was used by the present author in preliminary 
work on improving the crystallization, and found to  be rather 
satisfactory. However, a shorter method with a reasonable 
degree of accuracy was desired.

Attem pts were first made to  obtain the original solvate in a 
state of higher purity. Crystallization from a larger propor
tion of carbon tetrachloride than th a t usually employed gave 
material of higher purity, bu t to obtain solvate of the desired 
purity by this method would require volumes of solvent so 
large as to cause difficulty in handling and introduce a source 
of considerable error.

To test methods of determining the purity  of the separated 
solvate, samples of crude solvate of known purity  were pre
pared. I t  was desired to  have these resemble as closely as 
possible the solvate obtained in the usual procedure. There
fore, extracts containing known, small amounts of rotenone 
(prepared as described under Accuracy of the M ethod) were 
treated with an am ount of pure rotenone calculated to  give 
the desired purity, the whole was dissolved in hot carbon 
tetrachloride, and the solution evaporated to a  small volume. 
The carbon tetrachloride remaining after this evaporation was 
considerably in excess of th a t required to  combine with the 
rotenone present as solvent of crystallization. The solution 
was cooled to room temperature, and stirred continuously un
til the solvate had crystallized to a pasty consistency. The 
mixture was stirred frequently until dry. was then thoroughly 
mixed, and all lumps were broken up.

I t  was found that, by heating these impure solvates to con
stan t weight a t  105° C. and assuming the loss in  weight to  be 
all carbon tetrachloride of crystallization from the rotenone, 
values approximating the known purities of the solvates were 
obtained. Considerable time was required, however, to  re
move the solvent of crystallization, and the method is less 
accurate than one based on a determination of the rotenone, 
since it is based on the determination of less than 28 per cent 
of the weight of solvate.

Comparative tests were then made of the original Cahn and 
Boam test and analogous procedures using different propor
tions of solvent and shorter periods of time. Results of some 
of these tests are shown in Table I.

I t  was found th a t when the proportion of alcohol was in
creased to  10 cc. per gram of solvate the conversion to pure 
rotenone was complete in 4 hours, and the values obtained, 
although a trifle lower than those given by the original Cahn 
and Boam test, in general more nearly approached the correct 
values for the known solvates. The modified test has been 
adopted, largely because it is easier to handle. I t  will be
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T a b l e  I .  C o m p a r is o n  ok  P u r it y  T e s t s  o n  S a m p l e s  o p  
R o t e n o n e - C a r b o n  T e t r a c h l o r id e  S o l v a t e  o f  K n o w n  

P u r it y

(Expressed as percentage of pure ro tenone-carbon tetrachloride solvate)
P u rity  by C ahn and Boam T est and 

M odifications 
W ith 5 cc. of alcohol W ith 10 cc. of alcohol

E x trac t
Known
Purity

Over
night 4 hours

Over
night 4 hours

Derris A 81 81.5 81 80 .5
81 81 81 .5 80* 80
90 .5 90 91 .5 89 .5 89

Cube 80.5 82 79 .5 80
90.5 92.5 90 91

Derris B 80.5 82 80
85.5 87 85
90.5 91 89

T a b l e  II. P u r it y  o p  R o t e n o n e - C a r b o n  T e t r a c h l o r id e  
S o l v a t e

(C rystallized from different proportions of rotenone to nonrotenone resin in 
25 cc. of carbon tetrachloride)

E x tract

Cube

Derris

Nonrotenone
Resin

Grams
2.93

Rotenone
Grams

2
1
0 .5
0 .4
0 .3
2
1
0 .5
0 .4
0 .3

P urity  of 
Solvate

%
96.5
92.5
91 .5  
91 
90 
94
90 .5  
84
84.5  
84

noted from Table I  th a t the test m ay be allowed to stand over
night, if more convenient, with practically the same results.

The data  in Table I I  show th a t the purity  of the solvate in
creases with the proportion of rotenone to  nonrotenone resin.

Likewise, with a given am ount of rotenone and nonrotenone 
resin— th a t is, with a given to tal extract— the purity  is de
pendent on the am ount of solvent. Thus, a derris extract 
containing about 1 part of rotenone to about 1.7 parts of non
rotenone resin when crystallized from a solution having a 
proportion of 1 gram of to tal extract to 6.5 cc. of carbon te tra
chloride gave a solvate of 93 per cent purity, while the same 
extract crystallized from a solution having a proportion of 1 
gram of total extract to 2 cc. of solvent gave a solvate of 86 
per cent purity. In  each case crystallizations of the solvate 
were made a t  both room tem perature and 0° C., w ith no dif
ference in the purity  obtained.

The purity of the solvates obtained has ranged from about 
70 to 95 per cent. This test is merely a recrystallization 
dependent on the difference in solubility between rotenone and 
the solvate, and therefore does not give absolutely pure ro
tenone. M elting points of the “pure” rotenone obtained have 
ranged from 155° to 162° C., and it was readily shown th a t 
its purity, as judged by the melting point, depended on the 
purity  of the solvate from which it was obtained. Thus the 
error involved becomes larger with increasingly impure sol
vate. For this reason it  is desirable to use a method in which 
the solvate is obtained in as pure a form as possible in the 
original crystallization.

P recision  o f  th e  M eth od

The precision of the m ethod adopted was tested w ith nine 
aliquots of an extract of derris root (No. 2). From prelimi
nary tests it was known th a t the rotenone content would be 
somewhat above 4 per cent, and hence within the range of 
complete crystallization. To one of the aliquots 0.5 gram of 
rotenone was added, but on crystallization no excess rote
none was obtained. The “pure” rotenone ranged from 1.114 
to 1.148 grams; with a mean of 1.129 grams; equivalent to 4.5 
per cent of the root. The 
s t a n d a r d  d e v ia t io n  was 
=*=0.013 gram, or a standard 
deviation of about =*=0.05 per 
cent in the final result.

A ccuracy o f  th e  
M eth od

P r e p a r a t i o n  o f  E x 
t r a c t s  o f  K n o w n  R o t e n o n e  
C o n t e n t . T o  d e te r m in e  
the accuracy of the c ry s 
t a l l i z a t i o n  method it  was 
n e c e s s a r y  to have extracts 
of known rotenone content,

preferably low, to which various amounts of rotenone m ight 
be added. There were on hand several samples of derris 
root th a t had yielded no rotenone by the old method of 
crystallization bu t were found to  contain small percentages on 
examination by more recent and careful means. The exact 
am ount could not be determined, however, until the accuracy 
of the method had been ascertained. Several attem pts were 
made to eliminate rotenone from these and other root samples 
by crystallization a t 0° C., or slightly below from extracts dis
solved in mixtures of carbon tetrachloride and petroleum 
ether. These methods failed to give resins free of rotenone, 
b u t they were used in some preliminary tests.

All the work up to this point had indicated th a t the resins 
had no effect on the solubility of the solvate in carbon te tra 
chloride, and with this assumption as a basis the following 
procedure was used to obtain extracts of an approxim ately 
known rotenone content:

A carbon tetrachloride extract of a root sample with a large 
proportion of rotenone was freed of solvent and then dissolved 
in carbon tetrachloride at the rate of 1 ec. of solvent for each gram 
of original root sample. This extract was allowed to crystallize 
in a closed vessel for at least 48 hours at a constant temperature 
at which the solubility of rotenone in carbon tetrachloride was 
known. Approximately room temperature was used for the 
crystallization and filtration, because of the greater ease of 
keeping a large volume of extract at such a temperature during 
filtration. It is believed that the large proportion of rotenone

Present and the long crystallization period assured equilibrium, 
f the resins have no solvent effect, the amount of rotenone re

maining in solution is calculable from the known solubility 
figure.

The extract was filtered by suction at the same temperature, 
and the crystalline material was pressed out to remove all pos
sible mother liquor. Here slight errors enter which are due to 
solvent remaining in the mother liquor held in the separated 
residue and to solvent of crystallization. Approximate correc
tions were made on the basis of the purity of the unwashed 
separated solvate. The filtrate was then made to a definite 
volume with carbon tetrachloride, and aliquots were taken of 
such size as to be equivalent to a 25-gram root sample. To the 
dried aliquots were added various amounts of pure rotenone 
ranging from 0.2 to 2.0 grams, each was treated with 25 cc. of 
carbon tetrachloride, and crystallization was carried out at

ROTENONE PRESEN T ( g r a m s )

F i g u r e  1. R e l a t io n  b e t w e e n  W e i g h t  o f  R o t e n o n e  K n o w n  t o  B e  P r e s e n t  i n  E x t r a c t s  
o f  D e r r i s  a n d  C u b e  a n d  W e ig h t  L o s t  o n  C r y s t a l l iz a t io n  f r o m  C a r b o n  T e t r a c h l o r id e

Norm al E x tracts
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0° C. exactly according to the procedure 
outlined in the first part of this paper, 
except that no correction was made for 
the solubility of rotenone in the 25 cc. of 
solvent used for crystallization. 1° 

m in
o
■ o.io 

0.07

From the known solubility of rote
none in carbon tetrachloride a t 0° C. 
we m ight expect a loss of about 0.07 
gram. Some of the results have been 
plotted, and are shown in Figures 1, 2, 
and 3.

R e s u l t s  w i t h  N o r m a l  E x t r a c t s .
Figure 1 shows the results obtained with 
extracts of normal root samples. The 
original roots had contained from about 
4 tcjjfi per cent of rotenone. After preliminary crystallization 
the nonrotenone portions were as follows:

\

EX T R A C T S  WITH A8NORM AL 
NON-ROTENONE RESIN 

CO N TEN TS 
E X T R A C T S  C R Y S T A L L IZ E D  

FOR 4 8  HOURS

fo  E X T R A C T  E  
•  F

.X  G 
A  "  A A C

\ \ N ' V
- N S .

O,
Û- _

r
•

L . o

k.----- k- O
G -X -

Sample
Derris No. 1 
Derris No. 2 
Cube 
Tim bo

E x trac t
A
B
C
D

W eight per 
Aliquot, 
Grams

2.07
2.21
2.56
3.04

Per C ent of 
Root

8 .3
8. 8

10.2
12.2

These are in the range of values normally obtained for the 
nonrotenone portion of such roots. As seen from the graph, 
the loss of rotenone in crystallization from these extracts was 
great when only small am ounts were present, but decreased 
with increasing am ounts of rotenone until a t 0.8 to 1.0 gram 
it became practically constant. This constant loss approxi
m ated the loss expected from the solvent effect of the 25 cc. 
of carbon tetrachloride.

E f f e c t  o f  A b n o r m a l  R e s i n  C o n t e n t . T o  determine 
w hat effect a  widely different proportion of nonrotenone resin 
would have on these losses, either because of changing the 
rate of crystallization or because of possible solvent effect, 
portions of an extract of derris No. 1 th a t had been subjected 
to exactly the same procedure for preliminary crystallization 
as was given extract A  were adjusted to larger and smaller 
volumes before taking aliquots, thus giving extracts with 
lower and higher resin content than in A. Similarly, an ex
trac t of derris No. 2 was prepared to  give a higher resin con
ten t than  B. The nonrotenone content of these extracts was 
as follows:

Derris
Sample
No. 1 
No. 1
No. 2

E x trac t
E
F
G

W eight per 
Aliquot, 
Grams

3 .25
1.14
4.91

The losses obtained on crystallization of aliquots of these 
extracts are shown in Figure 2. The losses fall in the same

^0.30 w 
2

100.20 
V)
O _1

O.IO
0.07

ROTENONE PRESENT ( c r a m s )

F ig u r e  2 . R e l a t io n  b e t w e e n  W e i g h t  o f  R o t e n o n e  K n o w n  t o  B e  P r e s e n t  i n  
E x t r a c t s  o f  D e r r i s  a n d  C u b e  a n d  W e ig h t  L o s t  o n  C r y s t a l l iz a t io n  f r o m  C a r b o n

T e t r a c h l o r id e

E xtracts  of abnorm al rotenone content, and extracts crystallized for longer periods

region as those obtained on extracts with normal resin con
tents, and they reach about the same constant value, the loss 
then approximating th a t due to solubility. This indicates 
that, within the limits of resin content tested, which repre
sents the range normally encountered in commercial samples 
of derris and cube, the retarding effect on the rate of crystal
lization for a given rotenone content is about the same for 
high, low, and normal resin contents. The results also 
strengthen the belief th a t the resin has no appreciable solvent 
effect on rotenone, since if such an effect were present the 
constant loss obtained with extracts of higher resin content 
would be definitely higher than th a t obtained with extracts 
of normal or lower resin content.

R e s u l t s  w i t h  a  L o n g e r  C r y s t a l l i z a t io n  P e r i o d . There 
remains the question as to whether these results are a 
consequence of retarded crystallization— in other words, 
whether an extract would crystallize quantitatively to the 
solubility point a t a lower rotenone content if given more time. 
To dem onstrate this, aliquots of extracts A  and C were allowed 
to crystallize a t 0° C . for 48 hours, instead of for the usual 
overnight period. As seen in Figure 2, complete crystal
lization to a value approximately equal to the solubility was 
obtained here w ith smaller am ounts of rotenone.

R e s u l t s  w i t h  S u m a t r a - T y p e  R e s i n s . Calm and Boam 
(2) have stated th a t certain derris extracts in which no rote
none is obtained by ordinary crystallization are found to con
tain some rotenone when rotenone is added prior to  crystal
lization. They have called these “Sum atra-type” resins or 
extracts and have designated the rotenone so obtained as 
“hidden” rotenone. Two samples of derris root giving no 
rotenone by the old method of crystallization (using no added 
rotenone), one known to be of Sum atra origin, were selected 
and extracts were prepared. Aliquots were taken and rote
none was added as in the foregoing tests, although no pre
liminary crystallization had been given the extracts. Here 
the am ount of rotenone lost decreased with increasing

am ounts of rotenone added until 
a constant loss was attained. 
Since the rotenone content of 
these extracts was unknown, the 
constant loss was assumed to be 
equal to the solubility loss. On 
this basis both e x t r a c t s  a p 
p a r e n t ly  contained small pro
portions of rotenone (less than 
0.5 per cent). The losses ob
tained by the recalculation were 
similar to  those from the normal 
extracts tested, as shown in Fig
ure 3, where extract H  is th a t of 
the root of Sum atra origin and 
extract /  is th a t of the other low- 
rotenone root.

The possibility still remained,

Per C ent 
of Root

13.0
4 .6
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PRESENT ( c r a m s )ROTENONE
F i g u r e  3 . R e l a t io n  b e t w e e n  W e ig h t  o f  R o t e n o n e  K n o w n  t o  B e  P r e s e n t  i n  S u m a -  
t r a - T y p e  E x t r a c t s  o f  D e r r i s  a n d  W e ig h t  L o s t  o n  C r y s t a l l iz a t io n  f r o m  C a r b o n

T e t r a c h l o r id e
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however, th a t these Sum atra-type resins m ight be exerting a 
solvent efTect—in other words, th a t a t high rotenone content 
the constant loss might be greater than the solubility loss 
instead of equal to it  as was assumed. Hence an extract of 
the root of Sum atra origin was subjected to the preliminary 
crystallization, as were extracts A, B, C, etc. Here it was 
necessary to  add pure rotenone to be certain of quantitative 
crystallization. The amounts added were in excess of tha t 
judged necessary both by the Cahn and Boam “hidden” 
rotenone test and the writer’s findings. An extract was thus 
obtained of known rotenone content (extract J)  to which 
various quantities of rotenone were added, and the losses 
were determined as before. A t about 1 gram of rotenone and 
over the loss was constant and approximately equal to the 
solubility loss, showing these resins to be similar to ordinary 
derris resins in their effect on rotenone crystallization. I t  is 
believed, therefore, th a t the “hidden” rotenone described by 
Cahn and Boam is only a result of the retarded crystalliza
tion obtained with any extract of very low rotenone content 
and th a t the addition of rotenone merely hastens the crystal
lization as has already been pointed out.

Accuracy of Cahn and B oam M ethod. Although no 
attempt was made to make a careful study of the accuracy of 
the Cahn and Boam method of crystallization, a few aliquots 
of extracts A , B ,C , and D with added rotenone were crystal
lized by this procedure. In this method the dry extract was 
dissolved in carbon tetrachloride at the rate of 1 gram in 2 cc. 
of solvent (5 to 10 grams of resin being used) and set aside 
for crystallization at room temperature overnight. Here the 
loss was approximately equal to the solubility in the amount 
of solvent used when 0.8 to 1.0 gram or more of rotenone was 
present, and increased with smaller amounts of added rote
none. The greater proportion of resin to solvent used in this 
method results in a definitely less pure solvate, and conse
quently a slightly less pure product, than is obtained when a 
larger proportion of solvent is used. The consequent low 
fluidity of the crystalline mixture renders filtration and wash
ing difficult. For these reasons the present method is pre
ferred, even though the Cahn and Boam procedure may be as 
accurate.

G e n e r a l  D i s c u s s i o n  o f  A c c u r a c y . Of the possible 
means of overcoming or accounting for the loss in crystalliza
tion of low-rotenone extracts, the addition of sufficient rote
none to bring the to ta l am ount present into the region of 
quantitative crystallization has been chosen as the least 
tune-consuming and most accurate. After a little experience 
the analyst can readily judge a t  the time crystallization first 
occurs whether sufficient rotenone will separate to bring the 
final result above the desired value. Where the proportion 
of nonrotenone resins is not too great, i t  is frequently possible 
to increase the size of the sample to  give the proper am ount 
of rotenone in the extract.

In the case of normal samples of derris and cube (about 4 
per cent rotenone) treatm ent of the whole extract, before 
crystallization, with aqueous alkali and removal of the alkali- 
soluble m aterial did not increase the yield or purity  of the 
solvate. M artin  and Tattersfield (5) have recently found 
th a t separation of the alkali-soluble m aterial from extracts of 
Sum atra-type derris roots does m aterially hasten crystal
lization. They believe, however, as does the writer, th a t a 
similar result is obtained when pure rotenone is added. The 
la tte r procedure seems to  be the simpler method of assuring 
complete crystallization.

From the results shown in Figures 1, 2, and 3 it is possible 
to estimate the accuracy of the crystallization method 
adopted through a range of about 5 to  20 per cent of non
rotenone resins. For the eight extracts of known rotenone

content th a t were crystallized overnight, when a t least 1 gram 
of rotenone was present the loss ranged from 0.01 to 0.08 
gram. After the correction had been made for solubility as 
specified, the results ranged from 0.06 gram too high to 0.01 
gram too low. W ith one exception the range was from +0 .03  
to —0.01 gram. In  view of the precision found for replicate 
results on a sample of derris root (standard deviation =  
±0.013 gram), these differences cannot be considered signifi
cant. Hence on these extracts the method was accurate to 
within the limits of the precision.

The unusually small loss (high final result) on extract G, 
in which there was a large proportion of nonrotenone extrac
tives, m ay be significant. Where the proportion of other 
extractives is high, sufficient im purity m ay be carried through 
to the final stage of “pure” rotenone to give slightly high 
results.

Because of the widely varying composition of different 
samples of derris and cube root, no general estim ate can be 
made of the accuracy of the method. I t  is still far from the 
accuracy desired in most analytical procedures, but there 
seems no possibility of greatly improving a method th a t de
pends entirely on crystallization.

Sum m ary and  C on clu sion s

A modified procedure for the crystallization of rotenone- 
carbon tetrachloride solvate from extracts of derris and cube 
roots is proposed in which the au thor’s original m ethod has 
been improved from the standpoints of accuracy and speed.

Crystallization was found to  be retarded by the nonrotenone 
portion of the extract. A test for the purity  of the solvate 
is given. The purity  has been found to depend principally 
upon the proportion of rotenone present and upon the propor
tion of solvent used in crystallization.

Accurate results by this crystallization m ethod were ob
tained only when the rotenone present was equivalent to at 
least 4 per cent of the root or, in lieu of this, when sufficient 
rotenone was added, or a sufficiently large sample taken, to 
bring the am ount present during crystallization above this 
value. A determ ination of the precision of replicate results 
on one sample of derris w ith about this rotenone content 
showed a standard deviation of ± 0.05 per cent. In  a study 
of the accuracy eight extracts, containing known am ounts of 
rotenone in the range of m ost accurate results, gave average 
values which in view of the precision were not significantly 
different from the actual rotenone content. In  other words, 
results for rotenone in the region of 4 per cent should only be 
quoted to about 0.1 per cent.

I t  is probable th a t the nonrotenone portion of the extract 
only exerts a retarding action on the crystallization and has 
little or no actual solvent effect on the rotenone. The so- 
called Sum atra-type derris extracts show no unusual retard
ing action and no apparent solvent effect, indicating the “hid
den” rotenone of Cahn and Boam to be a result of retarded 
crystallization similar to  th a t found in other extracts of low 
rotenone content.
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Measurement o f Particle-Size Distribution  
by Optical Methods

E ffect o f  L igh t o f  D ifferen t W ave L en gth s

I I .  E . S C H W E Y E R , T h e  B a rb e r  C o m p a n y , I n c . ,  M a u r e r ,  N . J .

A b r ie f  s tu d y  w as m a d e  o f  th e  effect o f  
lig h t  o f  d ifferen t w ave le n g th s  u p o n  th e  
tu rb id ity -co n cen tra tio n  re la tio n  o f  a q u e 
o u s su sp en sio n s  o f  w h ite  and  colored  
m in era l pow ders u s in g  th e  W agner tu rb i
d im eter . I t  w as fo u n d  th a t  yellow  and  red  
lig h t  gave a b o u t th e  sa m e  slop e as w h ite  
lig h t  for a  p lo t  o f  co n cen tra tio n  a g a in st  
tu rb id ity , b u t  th a t  green  lig h t  y ielded  a 
curve th a t  diverged from  w h ite  l ig h t  in  th e  
region  o f  lo w  co n cen tra tio n . T h is  in d i
ca tes  th a t  th e  su sp en sio n s  te n d  to  absorb  
th e  sh orter  w ave le n g th s , th ereb y  a ffectin g  
th e  o u tp u t  o f  th e  p h o to e lec tr ic  ce ll w ith  an  
a tte n d a n t in flu en ce  on  th e  p artic le -s ize  
d is tr ib u tio n  as m easu red  b y  th is  m eth o d .

OPTICA L methods for the determination of particle-size 
distribution offer advantages over other methods in th a t 

they are rapid and require a comparatively simple technic, but 
they have certain lim itations which m ust be considered in 
any accurate evaluation. A convenient optical method has 
been developed by W agner (4) for use in the cement industry. 
This instrum ent has been critically studied and the technic 
modified by Traxler and Baum (S), who found discrepancies 
between the size distribution in fine mineral powders as 
measured by an air elutriator (2) and by the turbidimeter 
method. In an effort to explain the differences obtained by 
the two methods, the present investigation was carried out to 
determine w hat effect using light of different wave lengths 
would have on the turbidity-concentration relation of aqueous 
suspensions.

T a b l e  I. C h a r a c t e r i s t i c s  o p  F i l t e r s
Principal

W ratten T otal W ave-Length Range
F ilter Color Transm ission of Gelatin®

% M illimicrons
No. 58 Green 23 490-580
No. 22 Yellow 47 560-700
No. 25 Red 22 590-700

a R ange gives wave lengths for which the  filter shows greater than  10 per 
cen t transm ission.

For this purpose a  number of W ratten colored gelatin 
filters were made up by placing the gelatin between two plates 
of glass. The principal characteristics of these filters are 
given in Table I. While these filters do not transm it true 
monochromatic light, they do transm it light of varying wave 
lengths which are somewhat different from white light and 
each other.

P rocedure
In any m ethod for particle-size measurement i t  is very im

portan t th a t the finely divided solid be completely dispersed 
in the suspending medium. Traxler and Baum (3) made an 
exhaustive study of this phase of the technic used with the

W agner turbidimeter. They found, with water as the sus
pending medium, th a t a 0.0125 per cent solution of saponin 
or a 0.05 per cent solution of “S” brand sodium silicate gave 
the most satisfactory results. The rotating brush supplied 
with the turbidim eter has the undesirable feature of pro
ducing a vortex which entrains air in the suspension. To 
overcome this difficulty Traxler and Baum (S) designed a 
small high-speed mixer, consisting of a rotor and s ta to r with 
baffle plates, which is placed below the surface of the dispers
ing solution.

T a b l e  I I .  T u r b i d i t y - C o n c e n t r a t i o n  D a t a  f o r  V a r i o u s
M in e r a l s U s in g D i f f e r e n t  C o l o r e d  L i g h t

Concen
tra tion

2
Turbidity , — log Id

W
Powder W W hite Yellow Red Green

Q./l.
W hite silica 3 .0 0 .58 0 .56 0 .56 0.59

1 .8 0 .80 0.83 0.81 0 .83
1.2 0 .94 0.97 0 .94 1.03
0.90 1.05 1.05 1.06 1 .10

W hite limestone 2 .5 0 .72 0 .70 0 .70 0 .72
1.5 0 .93 0 .93 0 .94 0.99
1 .0 1.09 1.08 1.07 1.18
0.75 1.17 1.16 1.16 1.27

G ray trap  rock 2 .5 1.16 1.18 1.18 0.97
1 .5 1.07 1.03 1.06 1.10
1 .0 1.13 1.16 1.14 1.22
0 .75 1.12 1.11 1.13 1.26

Green slate 2 .0 1.00 1.45 1 .45 1.25
1 .0 1.52 1.52 1.55 1.62
0 .80 1.70 1.65 1.68 1.86
0 .60 1.79 1.80 1.80 1.96

Red slate 0 .60 2 .32 2 .24 2 .22 2 .66
0 .30 2 .5 8 2.59 2 .58 3 .02
0 .20 2 .73 2.71 2.71 3 .20
0 .18 2 .7 8 2 .72 2.81 3 .36
0 .15 2 .92
0 .10 3 .30

Black slate 0 .87 1.62 1.67 1.67 1.77
0 .75 1.62 1.69 1.71 1.84
0 .30 1.68 1.72 1.74 2.21
0 .26 1.74 1.87 1.92 2 .13

In the present study powdered minerals of different colors 
were analyzed by the W agner turbidim eter, using white and 
colored light. Aqueous saponin was used as the dispersing 
solution. The minerals were dispersed w ith the improved 
stirrer for 5 minutes, after which the dispersions were agitated 
by hand for 1 minute, and the cell was immediately placed on 
the shelf of the turbidim eter. Successive readings were ob
tained by adding a known quantity  of w ater to  the original 
concentration, thereby making successively more dilute sus
pensions. For colored light the technic was varied by plac
ing the filter in the light beam behind the screen and in front 
of the guard, so th a t only colored light affected the photo
electric cell. The I  a reading was readjusted for each filter, 
so th a t the varying sensitivity of the photoelectric cell to 
light of different wave lengths would not affect the readings. 
The d a ta  obtained are given in Table II .

D iscu ss io n
The results indicate th a t the turbidity-concentration rela

tion is unaffected by the longer wave lengths, since the red 
and yellow filters gave practically the same results as white 
light except for one concentration of the green slate and one 
concentration of the red slate. However, when green light is 
used the results are definitely different from white light, and
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this difference is more pronounced with the colored powders. 
The data  for the white limestone are plotted in Figure 1 to 
illustrate the differences. The figure indicates th a t in the 
region of low concentration the suspension shows a higher 
turbidity with green light than with the light of other wave 
lengths.

F ig u r e  1. T u r b id it y  C o n c e n t r a t io n  C u r v e s  f o r  W h i t e  
L im e s t o n e

The difference in the slope of the turbidity-concentration 
curves appears to be caused by selective absorption of the 
shorter wave lengths of light by the suspended powders, as 
was suggested by Traxler and Baum (3). The green light 
was the shortest wave length used and it showed this effect to 
a  significant degree. Furtherm ore, this selective absorption 
is most pronounced with the red slate, which m ight be ex
pected since this mineral would tend to absorb the shorter 
wave lengths. If a blue filter had been used, still greater 
differences probably would have been obtained. An attem pt 
was made to use a blue W ratten filter (No. 49), bu t the total 
transmission (0.5 per cent) was too low for use with the light 
source in the turbidimeter.

Richardson (1) in his wrork found th a t color is im portant in 
studies of suspensions. He used a photoelectric cell in his 
apparatus for determining the size distribution of clays, and 
stated  th a t the absorption of light is independent of color 
for particles larger than one micron, bu t th a t for smaller par
ticles the absorption is strongly dependent upon color. The 
photoelectric cell varies in sensitivity to different colored 
light and any selective absorption th a t occurs will affect the 
ou tput of the cell, whether th a t absorption is caused by very 
fine or by colored particles. I t  may be possible, however, by 
using monochromatic light of the proper wave length, to 
eliminate this selective absorption and thereby obtain ac
curate results for very fine mineral powders with a  turbi
dimeter type of instrument.

Richardson (1) also makes the rather general statem ent tha t 
particles smaller than one micron would tend to be held in 
permanent suspension by Brownian movement. This would 
affect the results obtained by any method utilizing rate  of 
settling for determining particle-size distribution, especially 
where the distribution is calculated from the surface area as 
in the W agner method. Since the major part of the surface 
area of a  pulverized powder is dependent on the number of 
very small particles, Brownian movement would probably 
seriously affect the results on fine clays. Although pulverized 
powders would be less seriously affected, Brownian move
m ent should always be considered when using the Wagner 
turbidim eter.

C on clu sion

A number of variables affect the turbidity  of a suspension 
as measured by optical methods. The selective absorption 
of light is perhaps one of the most im portant, and a complete 
understanding of this variable will do much toward simplify

ing the use and technic of optical methods in measuring par
ticle-size distribution.
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A Sim plified Sealed Stirrer
L IO N E L  JO S E P H  

W a s h in g to n  U n iv e rs i ty ,  S t .  L o u is , M o .

A M O D IFIC A TIO N  of the sealed stirrer described by 
Powell (1) has been used in this laboratory for some time 

and has been found exceedingly useful, particularly in stirring 
sludges. Some difficulty was experienced in assembling the 
type of stirrer described, so th a t modifications were introduced 
to make the assembly of the stirrer simpler w ithout cutting 
down its efficiency.

The glass bearing consists of a piece of 7-mm. tubing, 25 mm. 
long, spread a t one end to an outside diameter of 15 mm., and 
inserted in the top of the cork. A hole 15 mm. in diameter is 
bored halfway through from the bottom of the cork. The seal

is made by a short piece

K I I
of rubber tubing which 
fits over the glass rod and 
makes a tight joint with 
the larger-bore rubber tub
ing attached to the glass 
bearing. With this ar
rangement it h a s  b e e n  
found u n n e c e s s a r y  to  
clamp the stopper as de
scribed by Powell.

In place of the No. 12 
rubber stopper the author 
has used a cork about 7 
cm . in  diameter and 2 
cm. thick, through which 
is d r i l l e d  a hole large 
enough to give plenty of 
play to rod R. Smoother 
o p e r a t i o n  may be ob
tained by drilling the hole 
on a slant and inserting 
a glass sleeve. The dis
tance of the hole from 
the center of the cork 
may vary from 15 to 25 
mm., depending upon the 
size of the flask used and 
the amount of sweep de
sired.
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Determ ination o f Tar Acids and Bases by 
Extraction Methods

C. H . F IS I I E R  AND A B N E R  E IS N E R , P i t t s b u r g h  E x p e r im e n t  S t a t i o n ,  U . S . B u re a u  o f  M in e s , P i t t s b u r g h ,  P a .

A cr itica l survey is  p resen ted  o f  ex tra ctio n  
m eth o d s for tar-acid  and -b ase  d e term in a 
tio n . T h e  various procedures arc d iscu ssed  
in  c o n n e c tio n  -with s tu d ie s  (presen ted  in  an  
earlier paper) o f  th e  im p o r ta n t  variables  
involved . C erta in  m o d ifica tio n s w h ich  in 
crease th e  accuracy  o f  th e  B u reau  o f  M ines  
m e th o d  arc reco m m en d ed .

MANY m ethods of analyzing ta r oils for their tar-acid 
and -base content have been employed in connection 

with both academic and industrial investigations. M ost 
of these analytical procedures are based on the diminution 
in volume caused by extraction with alkali and mineral acids 
(contraction m ethod), although other methods have been 
employed (14,19,20,29,80). In  many instances the adoption 
of an analytical m ethod was not preceded by an adequate 
study, and as a consequence the literature on this subject 
is conspicuous for its contradictory claims and recommenda
tions. I t  has been shown in the case of certain synthetic 
solutions (6, 17) th a t large errors m ay result if the analysis 
is carried out by simple extraction with alkali and mineral 
acids.

I t  was the purpose of the present work to  study and com
pare several modifications of the contraction method and to 
show under w hat general conditions ta r  acids and bases can 
be extracted accurately. Synthetic solutions, coal-tar oils, 
and hydrogenated coal distillates were used in this connection, 
and m ethods of determining ta r  acids as phenols and car- 
boxylic acids were investigated. M ethods th a t include 
washing the alkaline and acid extracts with organic solvents 
were not studied, since such methods are wasteful of time 
and subject to errors of prolonged manipulation. Further
more, washing the aqueous extracts with organic solvents 
fails to  accomplish the desired end, since, for example, an 
organic solvent removes phenols as well as nonacidic ma
terials from alkaline solutions.

M ater ia ls  an d  P rocedure

The synthetic solutions studied were prepared from good 
grade chemicals. Pure toluene was used as the hydrocarbon 
solvent, and the cresol (“ tricresol” ) was a mixture of isomers.

The extractions were carried out in funnels [10, 81) gradu
ated to  100 cc. in 0.2-cc. subdivisions. About 1 hour 
was allowed to  elapse between agitation of the oil (100-cc. 
samples) with aqueous solutions and observation of volume 
changes.

A lk a li C o n cen tra tio n

There is considerable disagreement concerning the con
centration of alkali best suited for the accurate extraction 
of ta r  acids, and a num ber of alkaline reagents have been 
recommended. I t  appears certain th a t “maximum ex
tractions” are obtained w ith rather concentrated alkali 
(2, 23, 25). However, i t  is generally recognized th a t the 
alkaline extracts thus obtained contain considerable quan
tities of nonacidic material, owing to  the solvent power

(6, 26) of alkali-phenol solutions. In  m any instances non
acidic material has been removed from the alkaline layer by 
washing with organic solvents. Probably 10 per cent sodium 
hydroxide (5, 7, 9, 15, 28) is most frequently employed as the 
alkaline reagent, although 5 (18, 21), 15 (11, 12), 20 (1, 3, 
25), and 30 per cent (24) have been used. I t  has been claimed 
(21) th a t the addition of sodium chloride to  10 per cent 
sodium hydroxide tends to prevent the dissolution of non- 
phenolic or nonacidic substances.

In the present work the effect of alkali concentration was 
studied in one series of experiments by extracting a standard 
amine-toluene solution (100-cc. portions) with 50-cc. por
tions of sodium hydroxide solution. All the sodium hy
droxide solutions examined (5, 10, 20, and 30 per cent) failed 
to dissolve appreciable quantities of the amine-toluene 
solution, although all the amines present are fairly soluble 
in water. The potent influence of sodium hydroxide in 
decreasing the solubility of amines in water is shown well 
by the data in Table I. Although even 5 per cent alkali 
dissolved only negligible quantities of the amine-toluene 
solution, washing with three 50-cc. portions of distilled 
water caused a to ta l diminution in volume of 2.5 to 3.0 cc.

Pyridine
Isoquinoline
Aniline
Toluene

Cc.
12
32
56

550

%
1.85
4 .9
8. 6

84.65

The results in Table I  indicate tha t, excluding factors 
other than the solubility of amines in aqueous alkali, almost 
any concentration of sodium hydroxide would be suitable 
for the analytical extraction of ta r  acids.

T a b l e  I. E x t r a c t i o n  o f  A m i n e - T o l u e n e  S o l u t i o n  w i t h
A l k a l i

Volume Changes of Toluene Layer
E xtracted  with 50-Cc. 1st 2nd 3rd 4 th 1st

Portions of 50 cc. 50 cc. 50 cc. 50 cc. 150 cc.
Cc. Cc. Cc. Cc. Cc.

5%  NaOH 0 .0 - 0 . 1 - 0 . 2 - 0 . 3
0 .0 - 0 . 3 - 0 . 1 - 0 . 4

10% NaOH 0 .0 0 .0 - 0 . 2 - 6 . 2 - 0 . 2
- 0 . 1 - 0 . 1 - 0 . 3 - 0 . 2 - 0 . 5

20%  N aOH + 0 .2 + 0 .1 - 0 . 1 - 0 . 1 + 0 .2
+ 0 .1 + 0 .1 0 .0 - 0 . 1 + 0 .2

30%  NaOH 0 .0 0 .0 + 0 .1 - 0 . 1 + 0 .1
+  0.1 0 .0 - 0 . 1 0 .0 0 .0

20% N aOH sa tu ra ted  with 
NaCl

+ 0 .1 0 .0 - 0 . 1 - 0 . 1 0 .0
+ 0 .1 0 .0 0 .0 - 0 . 1 + 0 .1

W ater sa tu ra ted  with NaCl +  0.1 - 0 . 1 - 0 . 5 - 0 . 3 - 0 . 5
+ 0 .2 - 0 . 1 - 0 . 1 - 0 . 3 0 .0

W ater ^ 0 .8 - 1 . 2 - 1 . 1 - 0 . 8 - 3 . 1
- 0 . 8 - 0 . 9 - 0 . 9 - 0 . 8 - 2 . 6

In  studying the solubility of amines in alkaline solutions 
of sodium phenolates, the same amine-toluene solution used 
previously was washed several times in succession with 50-cc. 
portions of aqueous solutions containing various amounts 
of sodium hydroxide and cresol. The alkali-cresol solu
tions were prepared by adding certain quantities of cresol 
(7.5, 15, 22.5, 30, 37.5, and 45 cc. to  each 100 cc. of sodium 
hydroxide) to  several different concentrations (5, 10, 15, 
20, and 30 per cent) of alkali. The results (Table I I  and 
Figure 1) indicate th a t the solubility of amines in alkali- 
cresol solutions is directly proportional to the concentration 
of alkali, and th a t large am ounts of amines are extracted 
where the concentrations of alkali and cresol are high.
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The effect of varying the cresol concentration is also shown
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by the data  in Table I I  and Figure 1. I t  is readily apparent 
th a t the volume losses of the toluene solution were directly 
proportional to  the concentration of cresol where sufficient 
alkali was present to  neutralize the cresol. Where the 
alkali present was not sufficient to react with the cresol 
the volume of the amine-toluene layer increased, because 
of the absorption of excess or “free” cresol. Because of 
the solvent power of concentrated alkali-phenol solutions 
for amines, concentrated alkali should not be used to ex
trac t ta r  acids where, as in analytical procedures, the simul
taneous removal of amines is not desired.

A cid R ea g en t
The determ ination of ta r  bases is om itted in some tar-oil 

analyses, and consequently less is known about the efficacy 
of different acid reagents in the extraction of ta r  bases. 
Skirrow and Binmore (27) have observed th a t 2 N  sulfuric 
acid extracted pyridine from pyridine-benzene solutions 
more efficiently than 9.63 N  sulfuric acid. D ilute sulfuric 
acid appears to  be the reagent (16) generally used to  ex
trac t ta r  bases.

A number of experiments were carried out to  see if phenol, 
as a representative of the ta r  acids, could be extracted in 
appreciable quantities by dilute mineral acids. Approxi
m ately 100 cc. of a phenol-toluene solution (80 grams of phe
nol in 500 cc. of toluene) were washed in succession with 
four 50-cc. portions of various aqueous solutions, and the 
acid solutions causing little change in volume of the phenol- 
toluene layer were considered as possible acid reagents. 
The presence of inorganic salts, especially sodium chloride, 
was found, as anticipated, to  retard the removal of phenol 
from the toluene layer. From the data  in Table I I I  and 
the fact th a t sodium chloride would not be expected to  de
press the solubility of amine sulfates as much as inorganic 
sulfates, it appears th a t the most suitable reagent is 20 per 
cent sulfuric acid containing sodium chloride.

The following experiment, which affords a more direct 
comparison of hydrochloric acid and the sulfuric acid-sodium 
chloride solution, has shown th a t the la tte r reagent is prefer
able: Washing 100 cc. of a 15 per cent by volume cresol- 
toluene solution with three 50-cc. portions of a pyridine-hy
drochloric acid solution (10 cc. of pyridine added to  100 cc. 
of 20 per cent acid) caused the toluene layer to suffer a to tal 
volume loss of 2.6 cc. Under the same conditions the toluene 
layer gained 0.4 cc. in volume when a pyridine-sulfuric 
acid solution (10 cc. of amine added to 100 cc. of 20 per cent 
sulfuric acid saturated with sodium chloride) was used.

A few experiments, which were carried out to ascertain 
the importance of acid concentration and the presence of 
amine salts on the distribution of phenols between the hy
drocarbon and aqueous layers, have already been described 
(6). I t  was shown that, although the presence of aniline 
increased the solubility of cresol in the aqueous layer, the 
concentration of acid had little effect. The presence of 
amine salts in the aqueous layer probably has little influence 
on the accuracy of analytical procedures, because ta r  bases 
usually are present in relatively small amounts.

To examine the possibility th a t the sulfuric acid reagent 
would cause olefins to polymerize or to  react with phenols, 
several reactive olefins (d-limonene, styrene, and pinene) 
were treated with 20 per cent sulfuric acid saturated with 
sodium chloride. There was no loss in volume of the olefins 
or any indication of reaction, and on distillation the hydro
carbons came over a t  their respective boiling points.

A comparison of the first two columns of Table I I  with 
those of Table I I I  shows th a t phenol-toluene solutions ab
sorb considerably more w ater than the amine-toluene solu
tions under the conditions employed.

T a b l e  I I .  E x t r a c t i o n  o p  A m i n e - T o l t j e n e  S o l u t i o n  w i t h  
A l k a l i - C r e s o l  S o l u t i o n s  o f  V a r i o u s  C o n c e n t r a t i o n s

Concen
tra tion

of Cresol 1st
Volume Changes of Toluene Layer

2nd 3rd 4 th  1st
N aO H Added 50 cc. 50 cc. 50 cc. 50 cc. 150 cc.

% Cc./JOO cc. Cc. Cc. Cc. Cc. Cc.
5 7 .5 + 0 .1 - 0 . 4 - 0 . 3 - 0 . 2 - 0 . 6

10 7 .5
0 .0

+ 0 .1
- 0 . 4
- 0 . 3

- 0 . 4
- 0 . 3

- 0 . 3
- 0 . 4

- 0 . 8
- 0 . 5

15 7 .5
+ 0 .1
+ 0 .1

- 0 . 2
- 0 . 3

- 0 . 3
- 0 . 2

- 0 . 4 - 0 . 4
- 0 . 4

20 7 .5
+ 0 .1
- 0 . 4

- 0 . 4
- 0 . 7

- 0 . 2
- 0 . 9 - i ! o

- 0 . 5
- 2 . 0

30 7 .5
- 0 . 5
- 3 . 0

- 0 . 5
- 3 . 3

- 0 . 9
- 2 . 8

- 0 . 7 - 1 . 9
- 9 . 1

5 15
- 2 . 8
+ 0 .9

- 3 . 2
+ 0 .2

- 2 . 9
0 .0 - 0 . 1

- 8 . 9  
+  1.1

10 15
+ 0 .9
- 0 . 3

+ 0 .1
- 0 . 7

0 .0
- 0 . 7

- 0 . 1
- 0 . 6

+  1 .0  
- 1 . 7

15 15
- 0 . 3
- 0 . 8

- 0 . 6
- 0 . 9

- 0 . 7
- 1 . 0

- 0 . 6 - 1 . 6
- 2 . 7

20 15
- 0 . 8
- 2 . 0

- 1 . 0
- 2 . 0

- 1 . 1
- 1 . 6 — i . 5

- 2 . 9
- 5 . 6

30 15
- 1 . 9
- 5 . 1

- 1 . 4
- 5 . 2

- 1 . 7
- 3 . 7

- 1 . 3
- 2 . 7

- 5 . 0
- 1 4 .0

5 22 .5
- 5 . 2
+ 3 .1

- 4 . 9
+ 2 .6

- 3 . 4
+ 2 .4

- 3 . 3 - 1 3 .5
+ 8 .1

10 22 .5 - 0 . 4 - 1 . 0 - 1 . 2 - i ! o - 2 . 6

15 22 .5
- 0 . 3
- 1 . 8

- 1 . 0
- 2 . 1

- 0 . 9
- 1 . 7

- 1 . 1 - 2 . 2
- 5 . 6

20 22 .5
- 2 . 0
- 2 . 6

- 1 . 9
- 2 . 3

- 1 . 7
- 2 . 1 — i . 8

- 5 . 6
- 7 . 0

30 22 .5
- 2 . 8
- 6 . 3

- 2 . 6
- 5 . 1

- 2 . 3
- 4 . 3

- 2 . 0
- 2 . 8

- 7 . 7
- 1 5 .7

5 30
- 6 . 4  
+  5 .5

- 5 . 3
+ 7 .0

- 4 . 1
+ 4 .3

- 3 . 0 - 1 5 .8  
+  16.8

10 30 - 0 . 8 - 1 . 4 - 1 . 6 - Ü 3 - 3 . 8

15 30
- 0 . 8
- 2 . 1

- 1 . 4
- 2 . 3

- 1 . 6
- 1 . 9

- 1 . 3 - 3 . 8
- 6 . 3

20 30 - 3 . 7 - 3 . 4 - 2 . 5 - 2 . ’ l - 9 . 6

5 37.5
- 3 . 8
+ 8 .1

- 3 . 1
+ 7 .4

- 2 . 7
+ 7 .5

- 2 . 3 - 9 . 6
+ 2 3 .0

10 37.5 +  1.9 +  1.7 +  1.6 + 5 .2

15 37.5
+ 2 .0
- 2 . 8

+  1.4 
- 2 . 7

+  1.6  
- 2 . 2

+  5 .0  
- 7 . 7

20 37 .5 - 4 . 7 - 3 . 9 - 2 . 8 - 2 A - 1 1 .4

10 45
- 4 . 8
+ 4 .2

- 3 . 9
+ 4 .3

- 3 . 0
+ 2 .7

- 2 . 3 - 1 1 .7  
+  11.2

15 45
+ 4 .4
- 2 . 8

+ 4 .1
- 3 . 0

+ 3 .0
- 2 . 5

+  11.5 
- 8 . 3

20 45 - 5 . 9 - 4 . 5 - 3 . 3 - 2 . 7 - 1 3 .7
- 6 . 4 - 4 . 6 - 3 . 4 - 2 . 3 - 1 4 .4

T a b l e  III . E x t r a c t io n  o f  P h e n o l - T o l u e n e  S o l u t io n  w i t h  
V a r io u s  A q u e o u s  S o l u t io n s

Volume Changes of Toluene Layer
E x tracted  with 50-Cc. 1st 2nd 3rd 4th l8 t

Portions of 50 cc. 50 cc. 50 cc. 50 cc. 150 cc.
Cc. Cc. Cc. Cc. Cc.

20%  H 2SOi + 0 .2 - 0 . 8 - 0 . 8 - 0 . 7 - 1 . 4
+ 0 .2 - 0 . 8 - 0 . 8 - 0 . 8 - 1 . 4

20%  HjSCh sa tu ra ted  with + 0 .3 - 0 . 5 - 0 . 7 - 0 . 4 - 0 . 9
cryst. KjSO* + 0 .5 - 0 . 5 - 0 . 4 - 0 . 2 - 0 . 4

20%  HjSO< sa tu ra ted  with + 0 .6 - 0 . 2 - 0 . 3 - 0 . 1 + 0 .1
anhyd. NaiSO<

20%  H 2SO4 sa tu ra ted  w ith
+ 0 .8 - 0 . 2 - 0 . 1 - 0 . 3 + 0 .5
+ 0 .3 - 0 . 1 - 0 . 3 0 .0 - 0 . 1

NaCl + 0 .5 - 0 . 3 - 0 . 3 - 0 . 5 - 0 . 1
20%  HjSCh sa tu ra ted  with + 0 .7 - 0 . 1 - 0 . 2 - 0 . 3 + 0 .4

N aCl and K& O i + 0 .4 - 0 . 2 - 0 . 3 - 0 . 1 + 0 .1
20%  HC1 - 0 . 3 - 0 . 9 - 0 . 9 - 0 . 7 - 2 . 1

- 0 . 6 - 0 . 9 - 0 . 8 - 1 . 0 - 2 . 3
20%  HC1 sa tu ra ted  with - 0 . 2 - 0 . 8 - 0 . 4 - 0 . 6 - 1 . 4

NaCl 0 .0 - 0 . 9 - 0 . 7 - 1 . 0 - 1 . 6
W ater - 0 . 4

- 0 . 6
- 1 . 7
- 1 . 4

W ater sa tu ra ted  w ith K 2SO4 - 0 . 1 - 1 . 3 - 1 . 2 - Ü 3 - 2 . 6
- 0 . 2 - 1 . 3 - 1 . 1 - 1 . 0 - 2 . 6

W ater sa tu ra ted  with N aCl + 0 .4 - 0 . 4 - 0 . 3 - 0 . 4 - 0 . 3
+ 0 .5 - 0 . 2 - 0 . 2 - 0 . 6 + 0 .1

B u reau  o f  M in es M eth od

After analyzing several synthetic mixtures under different 
conditions with various acid and alkaline reagents, K ester 
and Rockenbach (17) adopted the following m ethod (S) for 
determining ta r  acids and bases: The ta r  oil (100 cc.) is ex
tracted with acid and alkali in the following order: (1) three 
50-cc. portions of 20 per cent sulfuric acid saturated with 
potassium sulfate, (2) three 50-cc. portions of 10 per cent 
sodium hydroxide, and (3) three 50-cc. portions of 20 per 
cent sulfuric acid saturated with potassium sulfate. This 
method, which employs reagents conforming to  the require
m ents defined above (Tables I I  and I II ) , has been used
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repeatedly with good results, and is interesting in th a t 
the unusual procedure of extracting ta r  bases first is em
ployed.

Numerous analyses of coal-tar distillates by the Bureau of 
Mines method have confirmed (communication from J. D. 
Davis and L. P. Rockenbach) the claim of H atcher and Skirrow 
(18), which is in agreement with the experience of coal-tar 
workers, th a t ta r  bases cannot be extracted conveniently in 
the presence of ta r  acids. Since mineral acids bring about 
only a partial extraction of ta r  bases in the presence of tar 
acids, it seemed likely th a t washing with acid, then alkali, 
and finally with acid (as in the Bureau of Mines method) 
would separate the ta r  bases roughly into two types: (1) 
amines having distribution ratios favorable to  the acid layer 
and (2) amines with a distribution ratio more favorable to 
the hydrocarbon-phenol layer. The ratio between quantities 
extracted in the presence and absence of ta r  acids should de
pend on the composition of the ta r oil and thus be a charac
teristic property. These ratios have been calculated for 
several ta r  oils; the oils from low-temperature tars yielded ra
tios ranging between zero and 0.1, while the high-tempera- 
ture ta r  oil (see Table V) gave a higher ratio (0.54). As 
might be expected from their composition, the synthetic 
solutions described in Table V gave still higher ratios (1.2 to
1.4). Since high-tem perature ta r oils contain larger pro
portions of low-molecular-weight amines than  oils from low- 
tem perature tars i t  follows that, considering the amine ratios 
given above, more of the low-molecular-weight amines are 
removed in the first acid washings—i. e., before the ta r  acids 
are removed. Experimental evidence th a t supports this 
view has been given elsewhere (6). Cheng and Morgan (2) 
have shown th a t chiefly low-molecular-weight phenols are 
removed where ta r acids are incompletely extracted from 
tar oils.

In view of the results obtained by extracting amine-toluene 
solutions with sodium hydroxide containing cresol (see Table 
II), it m ight be expected th a t oils containing high concen
trations of ta r  acids and bases could not be analyzed accu
rately by extraction methods. To find the maximum concen
tration amenable to accurate analysis by contraction methods, 
several synthetic mixtures were extracted by a modification 
of the Bureau of Mines method. Uneven portions (100, 
35, and 15 cc.) of the reagents were employed, and sodium 
chloride was used instead of potassium sulfate to saturate 
the 20 per cent sulfuric acid. The synthetic solutions were 
prepared by mixing known volumes of an amine mixture 
(equal parts by volume of pyridine, quinoline, isoquinoline, 
and aniline), cresol, and toluene. The results of these analy
ses, given in Table IV, show th a t the solutions containing 
large am ounts of phenols and amines gave high results for 
phenols and low results for amines. However, fairly accurate 
data were obtained with the synthetic mixtures having the 
concentration of amines and phenols usually found in coal 
tars. In  view of the fact th a t the solutions of low amine 
and phenol content gave satisfactory analyses, it might be 
expected th a t dilution of coal oils before extraction would be 
beneficial. (Dilution of oils of high tar-acid and -base con
tent to  obtain improved analyses has been suggested by Hill 
IB, and by Fridli and Raffay, 8.)

I t  appears th a t the ratio of amines to  phenols, as well as 
to tal content, is im portant. As an example, where the ratio 
(amines to phenols) was 1 to  1 good results were obtained 
with a to ta l amine-phenol content of 40 per cent, b u t with a 
ratio of 1 to  5 errors appeared with a to ta l amine-phenol 
content as low as 25 per cent.

I t  will be noted (Table IV) th a t in m ost cases low results 
were obtained for the neutral oil. This probably indicates 
th a t usually small, and in some cases considerable, amounts 
of the neutral oil also were extracted.

C om parison  o f  E xtraction  M eth od s

Using both synthetic solutions and coal-tar distillates, a 
comparison was made of the Bureau of Mines method and 
several other typical extraction procedures. In view of the 
generally satisfactory results obtained previously with the 
Bureau of Mines m ethod (Table IV), the data obtained with 
coal oils by this procedure (Table V) were considered fairly 
accurate, and hence of some value as a standard for evaluating 
the other methods. The “liberation m ethod’' of M organ 
and Meighan (22) gave more accurate results for two syn
thetic solutions (Table V) and was therefore employed to 
obtain the true tar-acid content of the coal oils.

The several oils and synthetic mixtures described in Table 
V were analyzed as follows:

1. Bureau of Mines method, considered above in some detail.
2. Modified Bureau of Mines method (sodium chloride in

stead of potassium sulfate in 20 per cent sulfuric acid, and un
even portions of reagents), used previously to obtain the data in 
Table IV.

3. Essentially the Bureau of Mines method backward. The 
oil (100 cc.) was extracted with three 50-cc. portions of 10 per 
cent alkali, and then with three 50-cc. portions of 20 per cent 
sulfuric acid (saturated with sodium chloride). These alternate

F ig u r e  1. A m i n e s  i n  T o l u e n e  W a s h e d  w i t h  150 C c . o p  
A l k a l i n e - C k e s o l  S o l u t io n



extractions were repeated until all tar acids and bases were re
moved.

4. A special method based on the use of 5 per cent sodium 
hydroxide, which, in the presence of sodium phenolates, dissolves 
smaller quantities of amines and forms worse emulsions than 10 
per cent alkali. The following extraction procedure was designed 
to benefit from the advantages of both concentrations of alkali: 
the bulk of the phenols was removed with 5 per cent alkali and 
the last traces of phenols were removed with 10 per cent alkali, 
which generally causes a good separation of layers. This method 
gave troublesome emulsions with some tar oils, and hence is of 
little value.

a, b. 100 co. of 5 per cent sodium  hydroxide
c. 50 cc. of 10 per cent sodium  hydroxide
d. 50 cc. of 20 per cent sulfuric acid (sodium chloride)
e. f. 25 cc. of 20 per cent sulfuric acid (sodium chloride)
g. 25 cc. of 10 per cent sodium  hydroxide
h. 25 cc. of acid reagent

5. Liberation method. The oil was extracted with 20 per 
cent alkali, the alkaline extract was acidified, the acidic solution 
was extracted with benzene, and the benzene washings were di
luted to 100 cc. and extracted with 10 per cent sodium hydroxide; 
the volume loss of the benzene layer indicated the tar-acid con
tent.

6. The volume loss of 100 cc. of tar oil to 20 per cent sodium 
hydroxide, as carried out in method 5. I t was observed in several 
cases that 20 per cent alkali removed all the tar acids—that is, 
no further quantities of tar acids could be obtained by removing 
the tar bases and extracting again with alkali.

In  general, the results obtained with the various ta r oils 
(Table V) are consistent with those obtained with synthetic
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T a b l e  IV. A n a l y s is  o f  S y n t h e t ic  S o l u t io n s

N eutral Oils R atio  of
Amines Phenols Found Amines to

Caled. Found Caled. Found Caled. (Difference) Phenols
% % % % % %

1 1.4 1 1.6 98 97 1:1
5 4 .9 5 4 .5 90 90.6 1:1

10 10.4 10 9 .4 80 80.2 1:1
15 15.3 15 14.8 70 69.9 1:1
20 20.1 20 20.3 60 59.6 1:1

1 1.6 3 3.1 96 95.3 1:3
5 5.4 15 14.9 80 79.7 1:3
7 6.7 21 20.9 72 72.4 1:3
8 7 .9 24 23.8 68 68.3 1:3
9 8 .0 27 28.5 64 63.5 1:3

10 8 .7 30 31.7 60 59.6 1:3
15 11.7 45 46 .3° 40 42.0 1:3

1 0 .8 5 5 .3 94 93 .9 1:5
3 2 .8 15 15.5 82 81.7 1:5
4 3 .7 20 20 76 76.3 1:5
5 4 .0 25 26.1 70 69.9 1:5
1 1.1 7 7 .4 92 91 .5 1:7
3 3 .1 21 20.9 76 76 .0 1:7
4 3 .7 28 28.4 68 67 .9 1:7
5 4 .3 35 36.3 60 59 .4 1:7
3 3 .0 27 27.3 70 69.7 1:9
4 2 .8 36 37 .8 60 59 .4 1:9
3 2 .5 33 34 .4 64 63 .1 1:11
4 2 .5 44 47 .5 52 50 1:11
2 1 .8 26 26 .8 72 71 .4 1:13
3 1.9 39 40 .3 58 57.8 1:13
1 0 .7 30 30.1 69 69 .2 1:30

15 13.5 5 4 .3 80 82 .2 3:1

° The alkali used (150 cc. of 10 per cent sodium  hydroxide) was no t suf
ficient to  rem ove all the cresol.

mixtures. As might be expected, the greatest volume losses 
were caused by washing with 20 per cent sodium hydroxide 
(method 6), which undoubtedly removed considerable 
quantities of amines, and probably some of the neutral oil, 
along with the phenols. The values afforded by the libera
tion method were lower than those obtained by simple ex
traction with 10 or 20 per cent alkali; th is result was to be 
anticipated and is in agreement with a generalization made 
previously by Weiss (81).

M ethods 1 and 2, differing from each other only in minor 
details, gave almost identical results in all cases. In  view 
of the good agreement with the values of the liberation method 
and the results obtained with synthetic solutions, it appears 
th a t m ethods 1 and 2 generally give satisfactory results. 
I t  seems likely th a t in m ost cases the true value of the tar- 
acid content lies between the results afforded by methods 1 
(or 2) and 5. M ethods 1 and 2 generally are preferable to 
5 (liberation method) because of their simplicity and the 
fact th a t values are obtained for both the tar-acid and -base 
content. M ethod 4 was superior to the other procedures 
with synthetic mixtures, bu t could not be used conveniently 
with the ta r  oils.

In  a few cases (data not shown) 5 and 10 per cent sodium 
hydroxide solutions saturated with sodium chloride were 
employed in extractions, but appeared to have no advantage 
over alkali alone.

A number of facts have been established which present a 
rather clear picture of the Bureau of Mines m ethod and ex
plain the beneficial effect of extracting first with acid. The 
following interpretation of the Bureau of Mines type of tar- 
acid and -base analysis is consistent with the data thus far 
presented in this paper and in an earlier paper (6):

Extraction first with acid removes principally the amines of 
lower molecular weight, and saturates the tar-oil layer with water. 
(This is partly responsible for the low amine and high phenol 
values usually obtained.) As indicated above, the amines of 
higher molecular weight have distribution ratios more favorable 
to the hydrocarbon-phenol layer, and hence are not removed by 
acid (<?). Only negligible quantities of phenols are removed in 
the acid wash because (1) a suitable acid reagent (20 per cent 
sulfuric acid saturated with an inorganic salt) is used, (2) rela
tively small quantities of amines are present, (3) only a portion 
of the amines present (certain amines of low molecular weight) as 
salts in acid solution is capable of extracting phenols in appreci
able quantities from hydrocarbon solutions, and (4) only the phe
nols of low molecular weight are easily extracted by acid-amine 
solutions.

Extraction with alkali in the second stage of the analysis re
moves the phenols, and probably most of the water absorbed in 
the first washing. Possibly traces of certain highly alkylated 
phenols (4) (such as thymol and phenols difficultly soluble in 
alkali) are not extracted. Only small quantities of amines are 
removed along with the sodium phenolates because (1) moderately 
dilute alkali is used, (2) only high-molecuiar-weight amines, 
sparingly soluble in sodium phenolate solutions, are present, and 
(3) the amine content, relatively low a t the beginning, is lower
than its original value. In the third stage of the analysis the re

maining amines of high molecu
lar weight are removed easily 
by mineral acid extraction since 
phenols are not present. In 
several cases of the present work 
a second extraction with alkali, 
as a fourth stage of the analy
sis, caused slight diminution in 
volume, indicating that such a 
procedure might bo necessary in 
some cases to remove all traces 
of ta r acids.

Where tar oils are extracted 
first with alkali, practically all 
the ta r  acids are removed, since 
tar bases have little retarding 
effect. The highly a l k y l a t e d ,  
weakly acidic phenols are less 
e a s i l y  extracted, especially in 
the presence of tar bases. Con
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T a b l e  V. C o m p a r is o n  o f  E x t r a c t io n  M e t h o d s

M odified B ureau of L ibera- 20%
B ureau of B ureau of M ines 5%  N aO H  tion  N aOH

. . . .  M ines M ines Backw ard M ethod  M ethod M ethod Amiues
Oil Exam ined Amines Phenols Amines Phenols Amines Phenols Amines Phenols Phenols Phenols R atio“

% % % % % % % % % %
SM  16 4 .3  25 .9  4 .1  2 5 .8  4 .5  2 6 .0  4 .7  2 5 .3  24 4 27 1 1 2
S M 2 f  S .4 31 .7  S .5 31 .7  7 .4  32 .7  8 .4  3 1 .4  3 0 .6  35 .6  l U
L T  1J 2 .7  22 .1  2 .7  22 .1  2 .9  2 2 .5  . .  . .  2 1 .2  2 4 .2  0 .0
L T  2« . .  20 .4  20 .4  21.1 . .  2 0 .6  19 .2  22.4
L T 3 d  2 .1  22 .2  2 .4  21 .9  2 .9  22 .7  . .  2 1 .5  2 3 .5  0 .1
LT id  
H T  1» 
H C  1/

19 .0  2 1 .6  0 .07
0.54

12 .0  15.1 0 .29

<* R atio  of amines obtained before and after rem oval of ta r  acids by B ureau of M ines m ethod. 
b S ynthetic  solution, 5 per cent am ines, 25 per cent phenols. 
c Synthetic solution. 10 per cent amines, 30 per cent phenols.
d Low -tem perature ta r d istillates. ‘ H igh-tem perature ta r  d istillate . /  H ydrogenated  coal distillate.
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siderable amounts of tar bases are removed along with the 
phenols, and usually the amount of water going into the oil 
layer is small. The amount of tar bases removed in the alkali 
wash is directly proportional to the concentration of tar acids, 
alkali, and tar bases and inversely proportional to the molecu
lar weight of the tar bases. The structure of the tar bases 
and acids also is a factor. After the tar acids have been re
moved, the tar bases, as is well known, are easily removed with 
mineral acid.

A n alysis  o f  O ils C o n ta in in g  C arboxylic A cids
To determine the amount, generally small, of carboxylic 

acids and other acids of similar strength in ta r  oils, the ex
trac t obtained by washing with alkali usually is saturated 
with carbon dioxide and then acidified with hydrochloric 
or sulfuric acid (21). The weakly acidic phenols are liber
ated by carbon dioxide and the stronger acids by mineral 
acid. M ethods of this kind are time-consuming and ne
cessitate the acidification of considerable amounts of carbon
ate solutions. A study of synthetic solutions and ta r  oils 
containing various am ounts of benzoic and acetic acids has 
shown th a t the strong ta r  acids m ay be determined directly 
by extraction with sodium or potassium carbonate solutions. 
The synthetic solutions were prepared by mixing the desired 
am ounts of cresol, a carboxylic acid, toluene, and an amine 
mixture (equal parts  by volume of pyridine, quinoline, iso
quinoline, and aniline). The am ount of carboxylic acid 
added was judged by the increase in volume of the solution. 
The solution and ta r  oils were analyzed by the following
reagents and order of extraction:

1. 100 cc. of 20 per cent sulfuric acid (sodium chloride)
2. 50 cc. of 20 per cent sulfuric acid (sodium chloride)
3. 60 cc. of 10 per cent sodium  carbonate
4. 100 cc. of 10 per cent sodium  hydroxide
5. 35 cc. of 10 per cent sodium  hydroxide
6. 15 cc. of 10 per cent sodium  hydroxide
7. 50 cc. of 20 per cent sulfuric acid (sodium chloride)
8. 25 cc. of 20 per cent sulfuric acid (sodium chloride)
9. 15 cc. of 20 per cent sulfuric acid (sodium chloride)

10. 10 per cent sodium  hydroxide

The volume of oil was recorded a t  extractions 2, 3, 6, 9,
and 10. The last extraction was made to remove any trace 
of phenols not accounted for previously. In the case of 
the synthetic solutions, the volume loss a t this point was 
only 0.2 to  0.3 cc., and was disregarded. In  the case of the 
ta r oils, appreciable volume losses were often observed in the 
last extraction with alkali.

The results obtained (Table VI) indicate th a t carboxylic 
acids may be determined satisfactorily, the values found 
agreeing very well w ith the am ounts present. Nothing new 
was revealed concerning the determ ination of amines and 
phenols. As observed in previous analyses, the amine values 
are low and the phenol values high.

C orrection  for W ater A b sorp tion
The suggestion has been made previously (6) th a t absorp

tion of w ater by the ta r  oil is partly  responsible for the fact 
th a t the values obtained for amines and phenols are usually 
low and high, respectively. I t  has been observed in many 
cases th a t washing 100 cc. of ta r  oil with 50 cc. of 20 per 
cent sulfuric acid (saturated with inorganic salt) causes the 
oil layer to  undergo a volume increase of about 1 cc. During 
this operation some quantity  of ta r  bases m ust have passed 
into the aqueous layer unobserved, causing the amines value 
to be erroneously low'. I t  is likely th a t m ost of the water 
dissolved in  the oil layer is removed in the alkaline extraction 
along with the phenols, resulting in a high value for the tar- 
acid content.

I t  has been found th a t errors arising from water absorp
tion may be obviated somewhat by adding 2 to  3 cc. of 
aqueous sodium chloride solution to  the oil as the first stage 
of the analysis. The increase in volume caused by this 
washing was noted, and later subtracted from the volume

T a b l e  VI. S y n t h e t ic  S o l u t io n s  C o n t a in in g  B e n z o ic  A c id

•-----------------Amines----------------->
'—;-------F o u n d ---------- . Carboxylic
F irst Second Phenols Acids

P resen t wash wash T o tal Present Found  P resen t Found 
Volume-Per Cent

5 .1  3 .0  1.7  4 .7  2 0 .0  20 .4  0 .0  0 .0
5 .2  2 .9  1 .8  4 .7  2 0 .5  21 .2  0 .7  0 .7
4 .6  2 .6  1.7  4 .3  20 .1  20 .9  1 .2  1.1
4 .8  2 .7  1 .8  4 .5  19.9 20 .2  2 .6  2 .7

T a b l e  VII. A n a l y s is  f o r  A c id ic  a n d  B a s ic  C o n s t it u e n t s  
w i t h  P r e l im in a iiy  A d d it io n  o p  S a l t -W a t e r  S o l u t io n

Modified B ureau oi Salt-W ater Solution Added L iberation

No.
M ines M ethod 

Amines Phenols Amines Phenols
Carboxylic

acids
M ethod
Phenols

% % % % % %
1 2 .6 37.9 3 .6 37 .0 0 .0
2 2 .7 13.4 1 .0 13^0
3 1.7 27 ! 3 2 .2 26.8 0 .0 26 .5
4 1.9 28.9 2 .0 28.6 0 .0 26.7
5 2 .4 31 .8 1 .6 30 .0
6 5 .5 19 i7 5 .2 19.4 0 .0 19.4
7 6 .2 26.1 6 .3 24.9 0 .6 25.4
8 2 .8 15.1 3 .4 12.6 1.2 14.1

Synthetic  solution: 4%  amines, 36%  cresol, and 60%  toluene; 0.9 cc.
of w ater absorbed.

2. H ydrogenated coal distillate; 0.2 cc. of w ater absorbed.
3. Coal ta r  (500° C. carbonizing tem p.) d istilla te ; 0.6 cc. of w ater absorbed.
4. Coal ta r  (600° C. carbonizing tem p.) distillate; 0.4 cc. of w ater absorbed.
5. Coal ta r  (700° C. carbonizing tem p.) distilla te ; 0.6 cc. of w ater absorbed;

1.2% of benzoic acid added.
6. Coal ta r  (800° C. carbonizing tem p.) d istilla te ; 0.2 cc. of w ater absorbed.
7. Coal ta r  (800° C. carbonizing tem p.) distilla te ; 0.3 cc. of w ater absorbed.
8. Coal ta r  (900° C. carbonizing tem p.) d istilla te ; 0.4 cc. of w ater absorbed;

0.8% of benzoic acid added.
1 to  4. Ten per cent sodium carbonate used to  rem ove carboxylic acids. 
5 to  8. Almost sa tu ra ted  potassium  carbonate solution used to  rem ove 

carboxylic acid.

contraction to alkali. The tar-base value was indicated 
directly by the contraction in volume caused by washing 
the water-containing oil (oil washed with sodium chloride 
solution) with the sulfuric acid reagent.

To ascertain the effect of adding water before extracting 
with sulfuric acid and sodium hydroxide solutions, one 
synthetic solution (prepared as previously from cresol, 
toluene, pyridine, quinoline, isoquinoline, and aniline) and 
several tar-oil distillates were analyzed by a procedure 
identical with th a t used to  obtain the data in Table VI, with 
the exception th a t a preliminary wTash with 2 to  3 cc. of 
sodium chloride solution was employed. I t  was found 
necessary to allow considerable time for the layers to  separate 
where the oil was washed with carbonate solutions. In 
some instances a nearly saturated solution of potassium 
carbonate was less troublesome than 10 per cent sodium 
carbonate, and with either reagent a good separation of the 
layers m ust be effected to  determine traces of carboxylic 
acids. For the purpose of comparison the same synthetic 
solution and ta r  oils (see Table V II) were analyzed by the 
modified Bureau of Mines method and the liberation pro
cedure of M organ and Meighan (methods 2 and 5, Table V). 
Small amounts of benzoic acid were added to ta r  oils 5 and 
8, but in all cases the liberation method was carried out on 
the original, untreated distillates.

As m ay be seen from Table VII, washing the oil w ith salt 
solution before extracting the ta r  acids and bases caused 
higher and lower values, respectively, to be obtained for the 
amines and phenols. Such values are more accurate than 
the ones obtained by simple extraction methods; hence the 
preliminary wash with salt water is a worthy addition to 
the contraction method.

The data in Table V III show th a t oils containing ap
preciable amounts of water-soluble amines and carboxylic 
acids give erroneous results when analyzed by the procedure 
described previously and used to  obtain the data in Table 
VII. This is due to the fact th a t the water-soluble car-
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boxylic acid (acetic acid) is extracted along with the amines 
in the sulfuric acid wash. M ore accurate results (see solu
tions 3 and 4, Table V III) were obtained by extracting the 
acetic acid ju st after the sodium chloride-water treatm ent 
and before removal of the amines.

T a b l e  VIII. A n a l y s e s  o f  S y n t h e t ic  S o l u t io n s “ C o n t a in in g  
A c e t ic  A c id

Syn
th e tic  Carboxylic
Solu- W ater Amines Phenols Acids

tion  No. Absorbed Present Found P resen t Found  Present Found

16
2°
3<*
4*

C c.

0 .4
0 .5
0 .5
0 .4

- V o lu m e - P e r  cent-

5 .2
5 .3  
5 .2  
5 .5

6 .3
7 .5
5 .2
5 .0

20.4
20 .4  
20.1 
20.0

20.6
20 .5
19.9
20 .2

1 . 6
2.8
2 . 0
1.6

0 .5
0 .7
2 . 6
2.1

° S ynthetic  solutions prepared from toluene, cresol, acetic acid, and au 
am ine m ixture (equal parts  by volum e of pyridine, quinoline, isoquinoline, 
and aniline).

Carboxylic acid extracted  with sa tu ra ted  potassium  carbonate after 
sulfuric acid extraction.

c C arboxylic acid extracted  w ith 10 per cent sodium  carbonate after sul
furic acid extraction.

Carboxylic acid extracted  with sa tu ra ted  potassium  carbonate after 
sodium  chloride-w ater trea tm ent.

e Carboxylic acid extracted  w ith 10 per cent sodium  carbonate after 
sodium  chloride-w ater trea tm en t.

Conclusions

D ilute alkali (about 10 per cent) is a suitable reagent for 
determining ta r  acids by contraction methods. In  the 
presence of ta r  acids, more concentrated alkali dissolves 
considerable quantities of nonacidic material, chiefly ta r  
bases, and gives erroneous results; more dilute alkali (about 
5 per cent) is not satisfactory because of its tendency to form 
emulsions with ta r  distillates.

Reagents such as 20 per cent sulfuric acid saturated  with 
certain inorganic salts (sodium chloride, potassium sulfate, 
etc.) are suitable for extracting ta r  bases in contraction 
methods. The other acid reagents examined were found to 
dissolve considerable quantities of the lower boiling ta r  acids.

The common procedure of extracting with alkali and then 
with mineral acid gives high and low results, respectively, 
for ta r  acids and bases. M ore accurate results are obtained 
by extracting first w ith mineral acid, and then alternately 
with alkali and mineral acid until all ta r  acids and bases 
are removed.

The high and low values obtained for ta r  acids and bases, 
respectively, are due to  (1) the solvent power of alkaline 
phenolate solutions for amines and (2) absorption of water 
by the oil layer. Errors from these two causes m ay be partly  
eliminated by extracting with dilute alkali and by making 
a correction for the w ater absorbed.

In  agreement with the conclusions of Weiss (31) but con
trary  to  those of Hill (15), it was found th a t contraction 
methods give higher tar-acid values than liberation methods.

The more efficient and convenient m ethod of extracting 
first with alkali is almost as accurate as extracting first with 
mineral acid, if dilute alkali (about 10 per cent) is employed.

T ar acids m ay be determined as strong (polyhydric phenols 
and carboxylic acids) and weak (monohydric phenols) acids 
by extraction w ith both sodium (or potassium) carbonate 
and alkali.

The procedure described below is recommended for de
term ining ta r  bases, carboxylic acids, and phenols in te r 
oils (using about 100 cc. of oil in a graduated separatory 
funnel, 10, 31).

The oil is shaken with 2 to 3 cc. of an approximately saturated 
sodium chloride solution; the increased volume of the oil layer 
is noted and used subsequently in calculating volume contrac
tions.

Extracted with 5 to 10 cc. of approximately saturated potas
sium carbonate solution; diminution in value of oil layer is 
indication of carboxylic acid content.

Extracted in succession with 100- and 50-cc. portions of the 
sulfuric acid reagent (20 per cent sulfuric acid, approximately 
saturated with sodium chloride).

Extracted in succession with 100-, 35-, and 15-cc. portions of 
10 per cent sodium hydroxide.

Extracted in succession with 50-, 25-, and 15-cc. portions of 
the sulfuric acid reagent.

Extracted with 15 to 20 cc. of 10 per cent sodium hydroxide. 
The amounts of tar bases and phenols present are indicated 

by the total volume contractions to sulfuric acid and sodium 
hydroxide, respectively. The tar acid value is corrected by 
subtracting from it the water-absorption value (obtained in the 
first step).
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Determ ination o f the Moisture Content o f  
Tobacco

R IC H A R D  M . C O N E 1 AND L O Y A L  H . D A V IS , P h i l ip  M o rr is  &  C o. L td . ,  In c . ,  R ic h m o n d ,  Va.

IT HAS been pointed out by Cone (4) th a t the control of 
the moisture content of tobacco is one of the most impor

tan t phases of manufacture. While some hygroscopicity data 
are available (9,15), they are insufficient for the types chiefly 
used in this country, and the writers had planned additional 
work to measure the equilibrium vapor pressure of various 
types, over a  wide range of tem peratures and moisture values.

I t was realized, however, th a t there is no such thing as an 
“absolute” moisture content for any sample of tobacco; 
the value obtained depends on the method used, and few 
laboratories agree on the same method. M ethods include 
drying the samples in ovens, for varying times, a t different 
temperatures, with or w ithout forced air circulation; drying 
a t room tem perature over various desiccants, under atm os
pheric pressure or vacuum; various distillation procedures 
with solvents immiscible with water; and indirect procedures 
involving conductivity or dielectric constant, In  this work 
an attem pt has been made to compare six methods in common 
use.

No experiments on the various “ indirect” methods were 
made. The Tag-Heppenstall moisture meter, methods based 
on a change in dielectric constant (7), and others depending on 
the evolution and measurement of acetylene when the tobacco 
is mixed with calcium carbide (10) m ust all be calibrated 
against some such m ethod as those discussed here. Attem pts 
to deduce the moisture content from the humidity of the air 
in the tobacco were ruled out by the writers’ experience, by 
th a t of other observers (12), and by the slowness with which 
equilibrium is reached (15). Other methods which have been 
suggested (1, 11) do not lend themselves to  use on a large 
number of samples w ith a minimum of effort.

S e le c tio n s  o f  S a m p les  for D ry in g

I t  is generally agreed th a t the greatest source of error in 
moisture determinations on tobacco is the heterogeneity of the 
material. Any manufactured sample is a  blend of several 
grades, if not of several widely different types, and the pro
portions are not the same in every p art of a large lot. The 
types vary in  hygroscopicity, and as the more hygroscopic 
shreds rob the others of their moisture, variations of the water 
content are produced. M ost tobacco ready for smoking also 
contains added substances (sugars, glycerol, diethylene gly
col) which increase its natural hygroscopicity (4); any minor 
maldistribution of such material can cause a disproportion
ately large local concentration of water. If one attem pts to 
pulverize and mix a  sample of tobacco, moisture is usually lost 
in handling, and the sample m ust be very dry before it can 
be powdered. Moreover, a loose, fluffy mass of cigaret filler 
may be dried more rapidly and uniformly by most methods 
than an equal weight of fine powder. I t  is desirable to dry 
as much as possible a t each determination; the writers have 
found 20 grams about the maximum for convenient use and 
the minimum for sufficient accuracy. Any method, therefore, 
which is restricted to a much smaller sample has been ruled 
out.

I t  was accordingly decided to compare single grades, repre
sentative of the most im portant types. Flue-cured, “bright,’’ 
or “Virginia” tobacco am ounts to half the domestic produc
tion, and Burley is next in importance. Since by the criteria

1 Present address, Solvay Process Com pany, Syracuse, N. Y.

of Dixon and his associates (6) tobacco 30 months old may be 
considered fully aged, a sample of 1933 tobacco from Wilson, 
N. C., U. S. Grade C4F, was selected to represent fiuc-cured, 
and a sample of 1933 tobacco from Lexington, Ky., same grade, 
was chosen as typical Burley. These samples will be desig
nated as “flue-cured” and “Burley,” respectively. Flue- 
cured tobacco is generally more hygroscopic than air-cured 
Burley or M aryland, and contains up to  25 per cent of sugars, 
whereas the latter two contain almost none (5,8).

Two samples of cut cigaret tobacco (blends A and B) were 
also used. These were blends of various types and grades, 
and their hygroscopicity had been increased by the addition 
of diethylene glycol. The cut tobacco was usually taken from 
the middle of a large, fairly tigh t container, and was mixed as 
well as possible in an atmosphere close to the equilibrium 
humidity. In general physical and hygroscopic properties 
it  was felt th a t these blends were fairly representative of the 
popular American brands.

E xp erim en ta l
All samples were cut by machine into shreds the usual width of 

cigaret filler (0.75 mm.), thoroughly mixed, and packed into plug- 
top tins (1600 cc., 16-ounce size). All seams were sealed with 
paraffin. Samples from the same tin taken a t intervals of several 
weeks showed no measurable change in moisture content. For each 
determination except by distillation, about 20 grams of tobacco 
were weighed quickly into a covered aluminum dish 63 mm. in 
diameter and 45 mm. deep. The electric oven used was a 
Freas No. 601, the temperature of which can be kept at 100° 
^  0.5° C. all over the oven. A strong current of air was drawn by 
a fan horizontally through the drying chamber at such a velocity 
that it did not quite blow tobacco out of the dishes. For the 
British tests, on the basis of which duty is levied, small steam- 
jacketed ovens were kept very close to 100°, but the only circula
tion obtained was by convection.

After the oven-drying, the samples were cooled in desiccators 
over porous barium oxide for at least an hour.

For the samples dried over sulfuric acid, enough acid was used 
to maintain the acid concentration above 90 per cent after it had 
absorbed all the moisture it would. Three days after introducing 
the samples, the acid was stirred to prevent stratification of the 
layers of different concentrations.

The vacuum desiccators were exhausted by a water aspirator to 
26 mm., and it was found tha t this pressure was maintained with
out leakage.

The toluene distillation apparatus was essentially that of 
Bidwell and Sterling (2). The cylindrical measuring tube was 
0.782 cm. in diameter; the menisci were read from a reference 
point by a vernier caliper and the volumes were computed. Use 
of a smaller tube was attempted, but complete separation of lay
ers was impossible. Distillation was continued until no more 
water could be driven over, although it was difficult to decide just 
when this desideratum occurred. Every sample, however, was 
distilled at least 2 hours.

In  the 3-hour oven test the size of the sample influences the 
results obtained. W ith a given container, the larger the sam
ple, the lower the result; bu t the results are not much lower 
until it is necessary to pack the tobacco to  get the whole sam
ple in. When tobacco is dried in vacuum, however, the size 
of the sample is of little effect. By any method, the time of 
drying is a factor which m ust be decided empirically, for it is 
practically impossible to dry to  constant weight (14)-

In  vacuum desiccators the loss in weight after the first few 
days is very slow; the authors opened their desiccators at 
5, 9, and 15 days with one sample of tobacco, weighing the 
dishes and reevacuating each time (Table I). The period of
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T a b l e  I. M o is t u r e  D e t e r m in a t io n s

(Sample of cigaret blend No. 1, from cut-filler storage)
Oven D rying, 3 H ours a t 100° C.

W eight of sam ple, grams 13.5 21.0 29.,3
P er cent of water 11.59. 11.50 11,.04

Vacuum D rying over P*0*
W eight of sam ple, grams 10.0 20 .0 30 .0
P er cent of w ater, 5 days 9 .67 9 .84 9 . 60

9 days 9.84 9.91 9,.74
15 days 10.03 10.10 9,.93

7 days was chosen simply because it is about as long as most 
workers are willing to wait (Table II).

D iscu ss io n  o f  R esu lts
Table I I  shows th a t for a given sample of tobacco moisture 

values m ay vary as much as 50 per cent, depending on the 
method used, and th a t the differences between the methods 
are by no means constant w ith all types of tobacco or for all 
moisture values. The choice of methods, therefore, depends 
simply on how much water the experimenter wishes to re
move. The sulfuric acid apparently takes out only th a t held 
mechanically by capillarity; when something as hygroscopic 
as diethylene glycol has been added to the tobacco, perhaps 
even this water is not completely removed, for diethylene 
glycol itself is a  fairly good desiccant. Vacuum drying a t 
room temperature seems to remove all the water held by ab
sorption and adsorption, which apparently is all th a t con
tributes to the mechanical pliability of the leaf.

Barium oxide was substituted for phosphorus pentoxide as 
the desiccant in these experiments; it seems to be as good a 
drying agent (3) and there is less chance of its taking up the 
volatile bases of tobacco. The writers found a reduction in 
the nicotine content of tobacco dried over phosphorus pent
oxide and measurable amounts of nicotine (about 5 per cent 
of th a t in the tobacco dried) in phosphorus pentoxide over 
which tobacco has been dried, and got slightly higher results

T a b l e  II. M o is t u r e  D e t e r m in a t io n s

7 Days® 7 Days® 3 H ours in 16 H ours in
7 D ays0 over over E lectric S team -H eated Toluene

over P jO* BaO Oven a t Oven a t  100° C. Distilla
Type H2S04 (Vacuum) (Vacuum) 100° C. (B ritish  Test) tion

% % % % % %  % %
Flue-cured 9 .92 12.66 12.32 13.84 13.88 14.92 15.17

10.13 12.61 12.50 13.88 13.80 15.38 15.12
10.07 12.72 12.18 13.72 14.00 

13.63 13.88
15.10 15.40

Av. 10.04 12.66 12.33 13.83 15.18
Same kep t 18 hours a t 8 .90 10.56 11.59

22.22° C. (72° F .), 8 .70 10.38 11.55
61%  rela tive  hu 8 .75 10.43 11.73
m idity

Av. 8 .78 10.46 11.62
B urley 9 .00 13.03 13.09 13.32 13.13 13.97

9 .07 12.92 12.96 13.08  13.24 14.15
9 .03 12.84 13.03 14.22

Av. 9 .03 12.93 13.03 13.19 14.11
Same kep t 18 hours a t 7 .75 10.04 10.23

22.22° C. (72° F .). 7 .54 10.11 10.32
60%  relative hu 7 .56 10.29 10.17
m idity

Av. 7 .62 10.15 10.24
C igaret blend A 6 .46 9 .33 10.92 12.37 12.62 11.74

6 .35 8.91 10.70 12.80 11.91 11.94
6 .62 8 .85 10.66 11.78

Av. 6 .48 9 .03 10.76 12.43 11.82
Same k ep t 18 hours a t 

2 2 .22° C. (72° F .),
8 .62 9 .97 11.83 11.76
8 .76 10.38 11.74 11.68

62%  relative hu 9 .00 10.03 11.78
m idity

Av. 8 .79 10.13 11.78 11.72
C igaret blend B, wet 13.45 16.30 18.02 18.90

from  cutters 13.29
13.41

16.79
16.70

18.20
17.72

18.56
18.97

Av. 13.38 16.60 17.98 18.81
C igaret blend A, too 

d ry  for use
4 .42 5.77 7 .0 8 8.12
4 .30 5 .88 7 .0 8 8 .084.41 5 .88 7 .08 8.47

Av. 4 .38 5.84 7 .0 8 8 .22
» At 22° to 30° c .

for the moisture when phosphorus pentoxide was used as the 
desiccant (Table II).

A t 100° C. in a good draft salt hydrates and hydrates of 
the sugars present begin to decompose. Flue-cured tobacco 
which contains up to 25 per cent of sugars (5) gives values 1.16 
to 1.5 per cent higher on drying 3 hours a t 100° C. than with 
vacuum drying over barium oxide; the 16-hour British test 
gives a value 2.85 per cent higher. W ith air-cured Burley 
which contains practically no sugar, the 3-hour oven test 
gives a value only 0.1 per cent higher than  vacuum drying, 
and the British test gives 0.26 per cent higher. Since the 
chief chemical difference between flue-cured and Burley is the 
sugar content, this factor is probably responsible for the dif
ferent values obtained.

I t  is also likely th a t a t 100° C. other substances than these 
hydrates are decomposed. In  a sample of cigaret blend A 
containing 11.52 per cent of moisture (oven), the writers 
found th a t in 3 hours a t 100° C. the percentage of nicotine 
on the basis of the original moisture content was reduced 
from 2.45 to 2.16 per cent— a known error of around 0.3 per 
cent. The writers believe th a t the hum idity of the room air 
also influences the results. A t the conclusion of the 16-hour 
British test the tobacco had been considerably darkened and 
had lost most of its original hygroscopic power.

The toluene distillation simply dries a t  the boiling point of 
toluene (111° C.). The appearance of the tobacco indicates 
th a t even greater decomposition has taken place and while 
the authors agree with other observers (2 , 13) th a t this 
method obviates the possibility of oxidation, it also probably 
decomposes some of the carbohydrate present. Bidwell and 
Sterling (2) claim th a t water of crystallization is separated from 
some substances, and the authors’ results show th a t this may 
be the case with some compounds present in tobacco. Since 
water was still being slowly liberated after 2 hours’ distillation, 
the decision to stop a t any particular time makes this method 
as purely empirical as any of the others. In  addition, there 
was very poor separation of water and toluene in the tube the 

authors finally used, and all the 
water does not descend from the 
condenser into the graduated sec
tion.

S i n c e  any method is more or 
less empirical and since all except 
distillation give consistent results 
with little trouble, the selection 
of a procedure becomes largely a 
m atter of c o n v e n i e n c e .  T h e  
a u t h o r s  feel, therefore, th a t the 
speed of the 3-hour oven test and 
the fact th a t a single worker with 
a fast balance can handle nearly 
100 samples a day makes this 
the most useful for general con
trol work. For calibration and 
comparison, vacuum drying for a 
week over a good neutral or alka
line desiccant (magnesium per
chlorate, calcium sulfate, or porous 
barium oxide) is to be recom
mended.
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Tutunului, 24, 67-83 (1935).
(15) Wilson, R. E., and Fuwa, Tyler, J. I nd. E no. Chem., 14, 913-18

(1922).
R e c e i v e d  Septem ber 28, 1930. Presented before the Division of Agricul
tu ral and Food C hem istry a t the  92nd M eeting of the American Chemical 
Society, P ittsburgh, Pa., Septem ber 7 to  11, 1936.

Separation o f Beryllium  in the Presence 
o f Complex Tartrates

1IO K E  S . M IL L E R , D e p a r tm e n t  o f  C h e m is t ry ,  C o lu m b ia  U n iv e rs i ty , N ew  Y o rk , N . Y .

OW IN G  to statem ents in the literature (1, 4) th a t solu
tions of beryllium salts in the presence of tartra te  are 

stable to strong alkali, the idea has arisen th a t beryllium 
cannot be precipitated as the hydroxide in the presence 
of tartra te. The author has found, however, th a t beryllium 
m ay be precipitated from its complex ta rtra te  solution by 
means of an optim um hydroxy 1-ion concentration provided 
by the addition of ammonium hydroxide. In this way it 
is possible to  separate beryllium, to a fairly quantitative 
extent, from such elements as aluminum, iron, copper, and 
chromium, which form complex tartra tes from which the 
hydroxides of the metals are not precipitable upon addition 
of an optimum quantity  of ammonium hydroxide.

Recently Jilek and K ota (2) dem onstrated th a t beryllium 
could be separated quantitatively from aluminum by adding 
a known quantity  of ammonium ta rta te  solution to the

T a b l e  I .  P r e c i p it a t io n  o f  B e r y l l iu m  f r o m  
T a r t r a t e

0.5 1If

I t s  C o m p l e x

BeO Potassium 16 M BeO
Theoretical T artra te muon Found

Mg. Cc. Cc. Mg.
146.3« 20 8 113.8
146.3° 20 10 126.0
146.3° 20 14 144,4
146.3° 20 16 146.4
146.3° 25 15 146.2
146.3° 25 16 145.1
146.3° 25 16 145.1
146.3° 25 16 144.1
146.3° 25 16 143.7
146.3° 25 16 144.2

140.0° 25 15 140.0
1 4 .0«> 3 5 14.2
14.0^ 3 5 14.0
14.0^ 3 5 14.0
14.0& 3 5 14.0

“ 50.00 cc. of 15e(NOj)i so lution =  140..Î mg. oi lie u , eic. 
t  5.00 cc. of Be(NOj)i solution +  20 cc. IltO  »  14.0 mg. of BeO. In each 

case the p recip itate was dissolved in dilu te  n itric  acid and  reprecipitated.

T a b l e  I I .  P r e c i p i t a t i o n  o f  B e r y l l i u m  f r o m  Its C o m p le x  
T a r t r a t e “

(In  the  presence of alum inum  «  33.5 mg.)
0.5 M  Potassium 16 M BeO

T artra te N H iO H Found
Cc. Cc. Mg.

20 8 75 .0
20 10 117.8
20 15 151.0
20 15 146.3
25 14 146.2
30 14 146.2
25 16 145.0

° For each determ ination  50.00 cc. of solution containing Be(NOi)i »
146.3 mg. of BeO and AlClj « î 33.5 mg. of Al. Each precipitate was ais-
solved in n itric  acid and  reprecipitated.

salts of aluminum and beryllium; subsequent addition of 
an excess guanidine carbonate precipitates beryllium as 
the basic carbonate while the aluminum remains in solution.

The method herein proposed eliminates the use of guani
dine carbonate by employing ammonium hydroxide.

A solution of beryllium nitrate, containing a known quantity 
of beryllium, was accurately pipetted into a 250-cc. beaker, to 
which was added a measured portion of 0.5 M  potassium tartrate 
solution. The contents of the beaker were well mixed, after 
which a specified amount of 16 M  ammonium hydroxide was 
added dropwise. After standing at room temperature (25° C.) 
for 10 hours, the precipitate was filtered on No. 44 Whatman 
paper, washed with water containing a trace of ammonium 
nitrate (3), dissolved with dilute nitric acid, reprecipitated as 
many times as indicated in the Tables I and II, washed as de
scribed above, ignited, and weighed as beryllium oxide.

Tables I  and I I  are illustrative of typical results. I t  is 
significant th a t the am ount of beryllium recovered depends, 
to within certain limits, on the quantity  of ammonium 
hydroxide added to a given quantity  of the salt solution. 
If the final solution is too feebly alkaline w ith ammonium 
hydroxide, all the beryllium may not be precipitated, thus 
leading to low results.

P rec ip ita tio n  o f  B ery lliu m
E ight determinations of beryllium were made by precipi

tating beryllium as beryllium hydroxide in the presence of 
the complex tartra tes of aluminum, iron, copper, and chro
mium.

To 50 cc. of solution containing Be(NOj)s ~  140.0 mg. BeO, 
AlClj ~  11.2 mg. Al, FeCla «  20.7 mg. Fe, CuCl2 ~  47.3 mg. 
Cu, and CrCh »  19.5 mg. Cr, were added 30 cc. of 0.5 M  potas
sium tartrate, followed by the dropwise addition of 16 cc. of 16 
M  ammonium hydroxide. From this point on the procedure 
described above was followed. The precipitates were redis- 
solved three times and reprecipitated. An average of 143.6 
±  1.3 mg. BeO (theoretical, 140.0 mg. BeO) was obtained.

The principal disadvantage of this method of analysis is 
the tendency of gelatinous precipitates to co-precipitate 
crystalloidal m atter. For this reason it  is not recommended 
for very' precise and accurate separations and determinations.

L iteratu re C ited
(1) Aubel, C., and Ramdohr, G., Liebigs Ann. Chem., 103, 33 (1857).
(2) Jilek, A., and Kota, J., Z. anal. Chem., 87, 422 (1932); Collection

Czechoslov. Chem. Commun., 4, 97 (1932).
(3) Parsons, C. L., and Barnes, S. K., / .  Am. Chem. Soc., 28, 1589

(1906).
(4) Rosenheim, A., and Lehmann, F., Ann., 440, 153 (1924). 

R e c e i v e d  January  11, 1937.



Interference o f Phosphorus in the Determ ination  
o f Fluorine

I I . V. C H U R C H IL L , R . W . B R ID G E S , AND R . J .  R O W L E Y , A lu m in u m  R e s e a rc h  L a b o ra to r ie s ,  N ew  K e n s in g to n ,  P a .

SINCE the discovery th a t fluorine is a causal factor of the 
dental defect known as m ottled enamel on teeth, the 

literature of analytical chemistry has abounded with papers 
describing methods for its determination in small amounts— 
th a t is, up to a few parts per million. More recently the 
increased use of fluorides as insecticides has stim ulated in
terest in such methods and, since the U. S. Food and D rug 
Adm inistration placed the maximum allowable lim it for 
fluorine content of food a t 0.01 grain per pound (1.4 p. p. m.), 
the need for an accurate m ethod to  determine it in the range 
of 1 to  2 parts per million is paramount.

Workers in this field have used various procedures for the deter
mination of fluorine. Churchill (2), when investigating the oc
currence of fluorine in some waters of the United States, deter
mined fluorine by a modified Fairchild method and verified the 
results by means of the spectrograph. Willard and Winter (7) 
developed a method for the determination of fluorine by distilling 
it with perchloric or sulfuric acid and titrating it with thorium 
nitrate, using the zirconium sodium alizarin sulfonate lake as an 
indicator.

Armstrong (1) improved this method by using alizarin sulfonate 
only as the indicator. Thompson and Taylor (5) developed a 
colorimctric method using the zirconium alizarin lake for the de
termination of fluorine in sea water. Sanchis (4) modified the 
procedure for the determination of fluorine in natural waters. 
Winter (S) used it for the determination of fluorine in alfalfa and 
grass, and Wichmann and Dahle (6) developed an improved ti
tanium bleach method (Steiger Merwin reaction) and determined 
the most suitable pH for color development and the effect of 
many interfering ions and various solution concentrations. Hos
kins and Ferris (S) made a study' of the thorium nitrate titration, 
determining the most suitable pH at which it should be made and 
the minimum concentration at which the ions of halogens. NOj, 
ClOi, SOs, AsOj, SO4, AsOi, and PO< interfere.

I t  is well known th a t phosphates interfere with the de
term ination of fluorine by the above colorimetric and thorium 
nitrate titra tion  methods, bu t it generally has been con
sidered th a t the W illard-W inter distillation made a com
plete separation of fluorine from phosphate. However, in 
determining fluorine in some foods having a high phosphorus 
content, by the thorium n itrate titra tion  of a distillate made 
from the ash of the food, results for fluorine were obtained 
which varied from “not detected” to  11 parts per million. 
Investigation showed th a t such varying results obtained 
on navy beans were caused by titra tion  of phosphate carried 
over into the distillate. When the first distillate was made 
alkaline with sodium hydroxide to phenolphthalein, evapo
rated to small volume, and redistilled, satisfactory results for 
fluorine were obtained which indicate the fluorine content 
to be less than 1 p art per million.

I t  was evident th a t some variable factor caused the phos
phate contamination. I t  seemed plausible th a t the contami
nation was caused by the presence of unburned carbonaceous 
m atte r or th a t possibly during ashing phosphate was re
duced to  a form which is readily carried over in the distillate. 
This is indicated by the following experimental analysis of 
navy beans:

Thorium nitrate titration of a distillate using sulfuric acid on 
the ashed sample indicated 7.2 p. p. m. of fluorine. In this distil
late phosphate was present in appreciable amount, sulfate a trace.

When the distillate from sulfuric acid was concentrated and re
distilled, using perchloric acid, less than 1 p. p. m. of fluorine was 
indicated. Phosphate and sulfate were not detected in this distil
late.

To another distillate from sulfuric acid, which indicated 7.2

p. p. m. of fluorine, phosphate was added as phosphoric acid in 
amount equal to that present in the original ash. Concentration 
of the distillate followed by distillation, using perchloric acid, 
gave a titration indicating less than 1 p. p. m. of fluorine. In this 
distillate phosphate and sulfate ions could not be detected.

Satisfactory recovery' of added fluorine was made by the 
double distillation. I t, therefore, seems necessary to  make 
a double W illard-W inter distillation of the fluorine from 
the ash of foods, for satisfactory determination of fluorine. 
The first is made with sulfuric acid rather than perchloric 
acid to eliminate hazard, as some carbonaceous m atter is 
usually' present. The second should be made with per
chloric acid a t 135° C., which gives a distillate free from phos
phate and sulfate.

Fluorine in a number of food products, mostly' purchased 
in retail stores, was determined by the above double-dis- 
tillation procedure and titra tion  with thorium nitrate, with 
the following results: Less than 0.2 p. p. m. of fluorine was 
indicated in dried beans, wheat bran, crushed oats, peanuts, 
mackerel (boned), carrots, turnips, sweet potato, Irish po
tato , canned corn, beef, m utton, and pork. Less than 1.0 
p. p. m. of fluorine was indicated in baking powder C, pure 
wheat germ, alfalfa, wheat, wheat straw, yellow corn, and 
whole rice.

M ore than  1.0 p. p. m. of fluorine was found as follows:

M ackerel (w ith bones) 3 .9
S alt pork 1.1
B aking powder A 220.0
Baking powder B 19.0
Commercial w heat germ  A 1.7
Commercial w heat germ B 4 .0
C ottonseed meal 12.0

Corn germ 15.0
English B reakfast tea  66 .0  
Gun Pow der tea  67 .0
Oolong tea  41 .0
Canned salm on 4 .5
Canned sardines 7 .3

L itera tu re  C ited
(1) Armstrong, W. D., J . Am. Chem. Soc., 55,1741-2 (1933).
(2) C h u rc h ill ,  H. V ., I n d .  E n g .  C h em ., 23, 996 (1931).
(3) Hoskins, W. M., and Ferris, C. A., Ibid., Anal. Ed., 8, 6-9 (1936).
(4) Sanchis, J. M ., Ibid., 6, 134-6 (1934).
(5) Thompson, T. G., and Taylor, H. J., Ibid., 5, 87-9 (1933).
(6) Wichmann, J. H .t and Dahle, D., J . Assoc. Agr. Chem., 16, 612

(1933).
(7) Willard, H. H., and W inter, O. B., I n d .  E n q .  C iiem ., Anal. Ed.,

5, 7-10 (1933).
(8) W inter, O. B., J . Assoc. Agr. Chem., 19, 362-5 (1936).

R e c e i v e d  February  5 , 1 9 3 7 .

C orrection
In the article entitled “Physical and Chemical Properties of 

Petroleum Fractions. I. Behavior in Dilute Benzene Solutions” 
[In d . E n g . C h e m ., Anal. Ed., 8, 324 (1936)] by Harry T. Rail 
and Harold M. Smith, C in the equations in Table I should be 
multiplied by 100. Thus, the equation for A-l, Wet, should be

K  =  64.98 -  0.16 C X 100

In the second article of the series, “ II. Relations between 
Molecular Weight and Concentration in Dilute Solution” [Ibid., 
8, 436 (1936)], 5  for oil O-l in C:ILBr2 should be 11,600.0 in
stead of 1160.0.

H a r r y  T. R a i ,l

222



Direct Determ ination o f Oxygen in Organic 
Compounds by Hydrogenation

P A U L  G O O D L O E 1 AND J .  C . W . F R A Z E R , D e p a r tm e n t  o f  C h e m is try ,  T h e  J o h n s  H o p k in s  U n iv e rs i ty ,  B a l t im o r e ,  M d .

RUSSELL and Fulton (8) and Russell and M arks (3) 
reported an improved m ethod for the direct determina

tion of oxygen in organic compounds containing only carbon, 
hydrogen, and oxygen and in compounds also containing 
nitrogen. Later M arks (4) applied the method to the deter
mination of to tal oxygen in oxidized oils in the presence of 
small am ounts of sulfur contained in the oils. The method 
is the hydrogenation method of ter Meulen (7); it has enjoyed 
the best success of all the direct methods for oxygen, although 
some workers have reported difficulties with it, one of the 
latest being G authier (2). I t  seemed desirable to render the 
method more dependable and capable of wider application.

W ith the present procedure and apparatus it has been suc
cessfully applied, w ithout any modifications, to  a similar 
variety of compounds containing carbon, hydrogen, oxjrgen, 
nitrogen, and sulfur. Moreover, the reproducibility was 
found to be generally as good as the accuracy— th a t is, about 
0.1 per cent for the oxygen.

A pparatus

The apparatus of Russell and Fulton (8) was modified only 
slightly (Figure 1).

during the analysis was absorbed by anhydrous calcium sulfate 
contained in a 150-mm. Schwartz U-tube, 9, attached to the 
quartz tube by a rubber connection. The exit hydrogen was 
passed through a flowmeter, 10, open to the atmosphere. The 
clear quartz tube had a total length of 70 cm. and an internal 
diameter of 7 mm.

The means employed for the introduction of the regular plati
num microboat, during an exit flow of hydrogen of more than 
200 cc. per minute, is illustrated in Figure 2. A one-hole rubber 
stopper contained a solid glass rod which extended into the quartz 
tube about 10 cm. Sealed into the end of this rod was a double 
length of Nichrome wire having a loop on the end the right size 
and shape for the microboat to fit snugly. The rod and wire 
remained in the tube during the analysis and attendant vaporiza
tion of the sample. The boat was removed by pulling it to the 
end of the nuartz tube with the rod and wire and then picking 
it up with clean forceps. The boat containing the next sample 
was immediately placed in the wire loop and pushed into place in 
the tube.

C ata lyst and C racking Surface

The nickel chromite catalyst is quickly prepared from 
readily available materials and is easily handled even after 
reduction. The freshly prepared catalyst, after reduction a t 
400° C. for 10 or 12 hours (overnight) and then a t operating 
temperatures for 1 hour, gave a constant blank of about

F ig u r e  2. I n t r o d u c t io n  o f  M ic r o b o a t

F ig u r e  1. D ia g r a m  o f  A p p a r a t u s

The cracking, 6, and catalyst chambers, 7, and preheater, 2, 
were electrically heated by specially' prepared furnaces each 20 
cm. long. A 2.5 X 5 X  10 cm. (1 X  2 X 4 inch) cast-aluminum 
block, 5, with a groove along the center of a large face and a 
longitudinal hole for a thermometer, was used in vaporizing the 
sample. A glass mortar, 8, 8 cm. long in which toluene was re
fluxed to maintain a temperature of 111° C. ww used to heat a 
2-cm. plug of silver sulfate in the case of halogen-containing com
pounds. This silver sulfate was omitted in all runs where halo
gen was not involved.

A capillary stopcock, 1, was used to adjust thp flow of hydrogen; 
the hydrogen was dried by sodium hydroxide pellets, 3, and an- 
hydrous calcium sulfate, 4, and was delivered to the apparatus 
under a pressure of about 2 meters (6 feet) of water siphoned from 
one 19-liter (5-gallon) carboy to another. The water formed

1 P resen t address. T he Socony-Vacuum Oil Com pany, Paulsboro, N. J.

0.2 mg. per liter of hydro
gen. Russell and Fulton (8) 
reported th a t i t  took 2 or 3 
days to  reduce their thoria- 
promoted nickel catalyst to a 
point where it gave a similar 
constant blank.

Of especial significance is 
the fact th a t the activ ity  of 
the nickel chromite catalyst 
is unaffected by sulfur (S) up 
to relatively large am ounts, 
and as sulfur is completely 

retained by this substance (3) the method is applicable to 
sulfur-containing compounds. M arks (4) has shown th a t 
the thoria-promoted nickel catalyst is also resistant to poi
soning by sulfur.

Nickel chromite was also found to make the best cracking 
surface when heated to red heat. Some carbon dioxide 
escaped when platinized quartz beads were tried as cracking 
surface with nickel chromite as catalyst, whereas when nickel 
chromite was used as cracking surface (at 750° C.) and as 
catalyst (at 400°) the carbon dioxide was completely hydro
genated. Under these conditions the nitrogen in nitrogen- 
containing compounds is cracked directly to  free nitrogen and 
practically no ammonia is formed (Table I).

The catalyst was prepared by weighing 31 grams of am 
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monium chromate [(NH4)2CrOi] into one beaker and 29 
grams of nickel nitrate [Ni(N03)2-6II20 ] into another; the 
nickel n itrate was dissolved in 50 cc. of distilled water and the 
solution poured over the dry ammonium chromate with 
stirring. This produces the double salt, N iCr0 .r(NH.i)2C r04-  
6H20  (1). After about 10 minutes of stirring, the precipitate 
was filtered off with suction, dried over a low flame, and de
composed in small portions in a porcelain casserole over a 
Bunsen burner a t  200° C. with stirring.

NiCrO.-iNH^CKVeHjO = Ni(CrO,)2 +  N2 +  10H20

The catalyst so obtained was in fluffy particles which were 
p u t directly into the quartz tube for a distance of 40 cm. and 
into the preheater tube and packed slightly with light 
tapping. Approximately 10 grams of the catalyst were used 
in the combustion tube and 5 grams in the preheater.

T a b l e  I .  D e t e r m in a t io n  o p  O x y g e n

■Oxygen—  
Cal-

Substance Sample W ater Ammonia Found
Cal

culated
Mg. Mg. Mg. % %

Benzoic acid 81 .2 23 .9 26.14 26.22
99.2 29 .3 26.23 26.22

Succinic acid 110.8 67 .5 54.11 54.21
112.6 68 .6 54.11 54.21

T a rta r ic  acid 110.6 37 .6 30.19 63.96
117.9 47 .0 35.41 63.96

Picric acid 46 .7 25.7 48.88 48.89
60 .2 33 .0 48.69 48.89

3,5-Dinitrobenzoic acid 102.1 52.0 0 .5 45.23 45.27
101.6 51.8 0 .6 45.28 45.27

U rea 89.5 26 .8 0 .2 26.60 26.64
88.1 26.5 0 .0 26.71 26.64

Acetamide 83.2 25 .4 0 .0 27.12 27.09
82.2 25 .0 - 0 . 5 27.01 27.09
88.5 27 .0 0 .7 27.09 27.09
77 .9 23 .7 0 .0 27.02 27.09

Trinitrobenzene 62.434 31.748 45.17 45.06
65.278 33.032 44.94 45.06
51.551 26.144 45.05 45.06

Pyrrol derivative (Cio- 45.202 12.160 23.89 24.60
H „N O ,) 63.962 17.683 24.55 24.60

62.062 17.116 24.50 24.60
D iphenyl sulfone 70.1 11.5 14.57 14.67

76.5 12.6 14.63 14.67
68 .2 11.2 14.58 14.67
71 .2 11.8 14.72 14.67

Chloroacetic acid 135.6 55.7 36.48 33.87
127.6 54.7 38.08 33.87

Procedure

In  general, the procedure of Russell and Fulton was fol
lowed. F ifty minutes were allowed for a run: 20 minutes 
for the vaporization of the sample, and 30 minutes for sweep
ing out the tube. The rate of flow of hydrogen was 60 cc. per 
minute.

The most im portant and by far the most difficult p art of the 
analysis is the vaporization of the sample, which should be 
done slowly and evenly by heating the aluminum block under 
the sample with a microburner. A therm ometer in the 
block registers the approxim ate tem perature of the sample 
and a practice run is often advisable to learn the peculiarities 
of the individual substance when volatilized; the vaporiza
tion of the sample should be conducted about 20° above its 
melting point the first time it is run.

Substances will distill from the hot to the cold portion of 
the tube and in m any cases distillation countercurrent to the 
flow of hydrogen was observed. This is effectively prevented 
by keeping the tube ho tter (with an oxygen blowtorch) 6 or 
8 cm. preceding the sample than in the region surrounding the 
boat. When all the substance has been volatilized from the 
boat, the aluminum block should be lowered and the boat 
heated with the free flame from the microburner before the 
oxygen blowtorch is applied.

W ith picric acid (Table I), when easily decomposable or 
explosive substances are used, it was found necessary to keep 
the tem perature of the sample as low as possible during the 
vaporization and to spend a longer time than usual on this 
process. I t  is advisable to increase the rate of flow of the 
hydrogen to a t  least 90 cc. per minute.

W ith diphenyl sulfone (Table I), when difficultly decom
posable substances are analyzed it is necessary to slow the 
rate of flow down to about 30 cc. per minute, so th a t the 
vapors may remain in contact w ith the cracking surface for a 
longer period of time.

D iscu ssio n  o f  R esu lts
In the case of compounds containing only carbon, hydrogen, 

and oxygen the results were satisfactory with one exception: 
with tartaric acid the percentage of oxygen found was very 
much too low. This was true for another hydroxy com
pound, sucrose, the results for which were thrown out be
cause of an inactive catalyst:

I t  seems impossible to vaporize either tartaric acid or su
crose without carbonization of most of the sample. Other 
substances will carbonize, b u t wrhen they are heated in the 
full blast of the oxygen blowtorch all the oxygen is given up 
and the results are satisfactory. In the case of sucrose, test 
runs with benzoic acid proved th a t the catalyst was inactive 
a t the time of the sucrose runs. This may also be true for 
tartaric acid, though it is believed th a t all the oxygen was not 
volatilized from the residue in the boat. However, Gauthier 
(£) reported a successful analysis of this substance.

In  a private communication, W. R. K im er stated  his 
inability to get satisfactory results with sucrose by a micro- 
hydrogenation method using a thoria-promoted nickel cata
lyst, and preliminarily attribu ted  his consistently low results 
to difficulty in volatilizing all the oxygen from the sample. 
Russell and Fulton (8) reported the successful analysis of 
sucrose by hydrogenation.

Since nickel chromite catalyst will w ithstand fairly large 
quantities of sulfur, analyzing ta rtaric acid and sucrose mixed 
with a little free sulfur in the boat is planned in an effort to 
displace all the oxygen.

No difficulties were encountered with the compounds con
taining nitrogen; however, the polynitro derivatives are so 
explosive th a t they are difficult to handle.

Table I also shows the outcome of an attem pt to determine 
the am ount of ammonia formed in the case of 3,5-dinitro- 
benzoic acid, urea, and acetamide. An absorption tube con
taining glass wool moistened with concentrated sulfuric acid 
was attached following the tube containing calcium sulfate. 
No appreciable am ount of ammonia was formed in any case. 
This is in agreement with the findings of ter Meulen (S), 
although Russell and M arks (9) reported considerable, though 
not theoretical, am ounts of ammonia.

Although diphenyl sulfone was the only sulfur-containing 
compound tried, it is believed to be a sufficient test of the 
method. W ith this substance it was dem onstrated th a t sul
fur in reasonable am ounts does not poison the catalyst com
pletely.

Halogen compounds (chloroacetic acid) cannot be success
fully analyzed with nickel chromite catalyst prepared as 
directed. This is in agreement with ter M eulen’s findings 
(6‘) th a t a thoria-promoted catalyst is attacked by halogen 
acid, liberating water from the thorium oxide present. The 
chromite catalyst prepared according to the method outlined 
contains a small am ount of free oxide, which presumably is 
never completely reduced.

The introduction of a slight modification should make the 
method applicable to  halogen-containing compounds when 
nickel chromite is used. When this catalyst is pure it is in
soluble in boiling concentrated hydrochloric acid (8), so tha t
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if the catalyst, as prepared w ith a small excess of chromic 
oxide, were boiled or leached with several portions of boiling 
hydrochloric acid, it should no longer react to  produce water 
under operating conditions in the quartz tube. Preliminary 
results from work now in progress indicate this to be true.

I t  has been shown definitely (Table I) th a t ammonia is not 
formed in the presence of this catalyst, even from a substance 
like urea; it is therefore planned to use phosphorus pentoxide 
as the absorbent for water, w ith no silver sulfate in the tube 
when analyzing halogen compounds. I t  is then possible tha t 
halogen m ay be determined simultaneously.

W ith these two modifications, the leaching of the catalyst 
with hydrochloric acid and the substitution of phosphorus 
pentoxide for calcium sulfate as the absorbing agent for 
water, it is believed the m ethod will be readily applicable to 
halogen-containing compounds and therefore general with one 
simple setup.

The pyrrol derivative

C,Hs OOC-C C-CHs

CHj-d— N—Æ-CHO 
H

and the trinitrobenzene, furnished by A. IT. Corwin, were run 
as unknowns for F razer; a Kuhlmann mierobalancc was used 
for these runs w ith no modification of apparatus or procedure 
except the use of micro absorption tubes weighing about 15 
grams when filled.

Sum m ary
The method of hydrogenation has been successfully em

ployed for determining the percentage of oxygen in organic

compounds containing carbon, hydrogen, oxygen, nitrogen, 
and sulfur, using an active nickel chromite catalyst a t 400° C. 
The low results obtained in the analysis of tartaric acid and 
sucrose indicated extreme difficulty in driving all the oxygen 
from the residue in the boat.

The accuracy and reproducibility are each about 0.1 per 
cent for the oxygen, or about th a t w ith which carbon is deter
mined in ordinary combustions, and the apparatus and pro
cedure are almost as simple as for combustions. The time 
allotted to  a single run was 50 minutes.

A modification has been suggested which will probably 
make the method applicable to halogen-containing com
pounds.

A ck n ow led gm en t
The authors are indebted to  A. H. Corwin for m any sug

gestions.
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An Inexp en sive Metal Chimney for Fusions
L O U IS  J .  C U R T M A N  AND L E O  L E H R M A N , C o lleg e  o f  t h e  C ity  o f  N ew  Y o rk , N ew  Y o rk , N . Y .

TH E device described 
in this paper was con
structed to e x p e d i t e  the 

c a r r y i n g  out of fusions 
using a M eker or Tirrill 
b u r n e r  a s  a s o u r c e  of 
h e a t .  I t  is particularly 
serviceable w h e r e  a h i g h  
tem perature m ust be main
tained, as in the decomposi
tion of a silicate with sodium 
carbonate.

For a long tim e the blast 
lamp was e m p l o y e d  fo r  
m ost fusions, b u t i t  was 
noisy and t r o u b l e s o m e .  
Later it was found th a t if 
an asbestos cylinder was 
placed over the crucible, a 
sufficiently high tem pera
ture could be obtained with 
a Tirrill or M eker burner; 
however, after a few heat
ings the asbestos crumbles 
a n d  m u s t  be discarded. 
The authors’ device, being 
made of metal, can be used 
for a  long time, is inexpen
sive, and can be employed 
with any type of burner. 
Numerous e x p e r i m e n t s

have shown t h a t  i t  is a s  
effective as the a s b e s t o s  
cylinder.

T h e  c h i m n e y  is con
structed of ordinary tin
plated sheet steel, such as 
is  u s e d  f o r  t i n  c a n s .  
Three slots are cut equi
d istan t from each other to 
hold conveniently a Vitreo- 
sil or clay triangle upon 
which the crucible can be 
supported. A t the bottom  
of the device and s p a c e d  
between the slots are three 
p r o j e c t i o n s ,  by means of 
which the apparatus can be 
set on a ring o r  t r i p o d .  
The drawing clearly shows 
th e  c o n s t r u c t i o n  of the 
chimney.
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Determ ining the Gelatinization Temperature 
o f Starches

A P h o to e lec tr ic  M ethod

D . I I .  C O O K  AND J O S E P H  H . A X T M A Y E R , S c h o o l o f  T ro p ic a l  M e d ic in e , S a n  J u a n ,  P u e r to  R ico

A sim p le  p h o to e lec tr ic  m eth o d  for th e  d e
te r m in a tio n  o f  th e  g e la tin iz a tio n  tem p era 
tures o f  starch es h a s  b een  developed . T h e  
resu lts  can  be p lo tted  a g a in st tem p eratu res  
to form  sm o o th  curves. T h ree  typ es o f  
ch a ra cter istic  curves h ave b een  fou n d . 
O ne, typ ica l o f  sta rch es o f  trop ica l or ig in , 
h a s a very steep  slop e; th e  secon d , typ ica l 
o f  n o rth ern  grain  sta rch es, has a m ore  
gradual slop e and  irregular ra te  o f  g e la t in i
za tio n ; th e  th ird  is  in te r m e d ia te  and is 
produced  by a few  n orth ern  and  trop ica l 
sta rch es. T h e  s lop e o f  th e  curves seem s to 
b e d eterm in ed  by th e  fra g ility  o f  th e  starch  
gran u le . T h e  s ign ifican ce  o f  th e se  curves 
in  d e term in in g  th e  d ie te t ic  va lu e o f  
starch es w h en  fed to p a tie n ts  su ffering  from  
th e  trop ical d isease , sp ru e, is  p o in ted  o u t. 
T h e m eth o d  m a y  be u sed  as an  aid  in  id e n 
tify in g  starch es or fo llo w in g  ch an ges pro
duced  by sw ellin g  and  h yd ro lyz in g  agen ts  
and  m a y  even  find p ractica l ap p lica tio n  in  
in d u str ia l sta rch  p la n ts .

W H ILE the authors were studying the physical and chemi
cal properties of starches of tropical origin, they thought 

it  desirable to determine their tem peratures of gelatinization. 
A search of the literature revealed conflicting data; different 
investigators failing to  secure concordant results, even with 
the same method. Reichert (4), in his monumental work 
on starches, gives several references to workers who, between 
1861 and 1909, tried to  determine the gelatinization tempera
ture of starches. Their m ethods vary  from the microscopic 
examination of samples of a starch suspension a t  intervals 
when subjected to  slowly increasing temperatures, to  the 
visual estimation of swelling and gelatinization of starch 
suspensions in test tubes which were removed from a water 
bath  a t 5° C. intervals.

I t  appeared th a t none of the methods used was free from 
errors of manipulation, or from the personal equation. Since 
starch suspensions are opaque before heating and become 
translucent or clear when gelatinized, using a photoelectric 
method for the measurement of these physical phenomena 
appeared feasible.

A pparatus

After some trials, the final setup represented diagrammati- 
cally in Figure 1 was devised. I t  is simple in the extreme and 
can be assembled from equipment found in most laboratories.

I t  consists of a 60-watt tungsten lamp, fed from a Delta trans
former to smooth out line voltage fluctuations, and a condensing 
lens to bring the beam of light to a focus in the reaction vessel, 
which is a wide-mouthed flask of 150-cc. capacity, containing a

thermometer and small motor-driven stirrer. The reaction 
vessel is suspended in a 1-liter Pyrcx beaker that serves as a water 
bath. The photoelectric cell is of the copper oxide or photronic 
type, and is directly connected with a <>-50 microammeter. A 
three-heat hot plate completes the assembly. The beaker water 
bath is covered with black paper in which two holes 3.75 to 5 cm. 
(1.5 to 2.0 inches) in diameter are cut to allow the beam of 
light to pass through the water bath and reaction vessel and into 
the photocell, and a t the same time to cut out interfering light 
from the laboratory.

O peration
The reaction vessel is almost filled with distilled water and the 

heater is adjusted so that the temperature rise is around 0.5° C. 
per minute. When the temperature in the reaction vessel has 
reached about 40° C., the light is turned on, focused, and ad
justed to give a t least a full-scale reading on the microammeter. 
Sufficient dry starch—-1 or 2 grams—is suspended in 25 cc. of 
water and slowly poured into the reaction vessel till the microam
meter reading drops to 3 to 5 microamperes. As the temperature 
increases there will be a slow drift of the microammeter needle 
of two or three divisions. Most starches show a slight decrease 
in light transmission at this point, which generally is several 
degrees below the temperature of gelatinization, but this change 
is so gradual that it may be disregarded.

W ith a little experience one can tell when the starch has 
almost reached the tem perature of gelatinization, as the 
suspension, which up to  this tim e is of a dull flat white color, 
begins to take on an opalescent appearance, with a faint 
bluish tinge. When this stage is reached, the microammeter 
should be watched closely and the instant the needle begins 
to show an increased reading the tem perature should be 
recorded. The microammeter readings are then taken for 
each 0.5° or 1.0° C. interval, till readings become constant 
or the boiling point is reached.

Since the current produced by the photronic cell is a lineal 
function of light intensity (S), the readings of the microam
m eter are directly proportional to  the changes in light trans
mission of the starch suspension. The readings, therefore, 
can be plotted against tem peratures to  form smooth curves. 
The tem perature a t which the suspension shows its first 
increase in light transmission, or the beginning of swelling 
and gelatinization, is called the tem perature of transition. 
This point and the rate  of gelatinization as shown by the slope 
of the plotted curves are characteristic of the sample of starch
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under investigation. Results are duplicable if the conditions 
of the experiment are kept constant. In  fact, the tem pera
ture of transition and the slope of the curve can be used as a 
means of identification of m any starches, if the starch samples 
have all been obtained by the same process of manufacture. 
The method is a delicate means of testing the trea tm ent to 
which a starch has been subjected previous to  gelatinization, 
as treatm ent with acids, or alkalies, desiccation over dehydrat
ing agents, or drying a t tem peratures of 50° to  60° C. may 
modify both the tem perature of transition and the slope of 
the curve.

TEMPERATURE

F ig u r e  2. T ypical  Starch  G elatiniza tio n  C urtos

1. Arracacha starch  3. W hite po ta to  starch
2. W heat s ta rch  4. T aro  starch

Results are duplicable if the conditions of the experiment 
are kept constant. The principal condition to watch is the 
rate of heating the w ater bath. The rate  of heating affects 
the tem perature of transition, b u t does not change the slope 
of the curve. By experiment the tem perature of transition 
of a cassava starch was shifted 3° C. higher by changing the 
rate of heating from 6.3 to  0.8 minutes per degree C. I t  is 
therefore advisable in any series of experiments to  maintain 
a  fairly constant ra te  of heating. The authors found 1.5 to
2.0 minutes per degree Centigrade to be satisfactory.

R esu lts

Taylor (6) suggested th a t different sizes of granules in the 
same starch might have different tem peratures of transition, 
or varying rates of gelatinization. To te s t this, a sample 
of yautia starch [Xanthosoma sagittifolium (L.) Schott] 
was separated by flotation into two batches averaging 4 and 
12 microns, respectively. The classification of all plant 
species used in this paper is B arre tt’s ( Í ). These two samples 
showed no difference in their curves. I t  is possible th a t 
with wheat starch, which shows such wide variation in granule 
size, there m ight be some difference between the large and 
small granules, bu t experience leads the authors to believe 
th a t it would be slight.

The fact th a t taro, with a  granule of only about 2m average 
diameter, gives exactly the same type of curve as the edible 
canna with an average size of 60m would indicate th a t granule 
size is not im portant in determining the rate  of gelatinization. 
Within a given sample the largest and smallest granules 
might have slightly different transition temperatures, but 
apparently they rupture and gelatinize a t the same rate.

One of the m ost interesting points brought out by this 
investigation is the wide difference exhibited by the curves 
of starches obtained from tem perate and tropical zone plants.

The temperature of transition of the tem perate zone 
starches tested lies between 55° and 65° C. and they give 
curves of long duration with, first, a moderate increase of 
transmission, then a la ten t period or slowing up of the rate 
between 65° and 85° C., and then an increasing ra te  of trans
mission up to 90° to ‘95° C. The tem perature of tran 
sition of the tropical starches generally lies between 60° and 
78° C., with curves of short duration or very steep slope till 
transmission becomes constant, which generally occurs below 
a tem perature of 85° C. Figure 2 illustrates this with 
characteristic curves for the starches of arracacha (Arracacia 
xanthorrhiza Baner), taro [Caladium colocasia (L.) W . F. 
Wight], white potato, and wheat obtained from the north. 
This peculiarity of starches from plants grown in different 
climates appears to be associated with the fragility of the 
granule envelope.

Taylor (7) mentions the difficulty of rupturing potato and 
wheat granules even by continued boiling, and Caesar (2), 
in his ingenious method of measuring the viscosity of 20 per 
cent starch pastes, mentions the same phenomenon. I t  is 
to be regretted th a t the only tropical starches included in his 
investigations were tapioca and sago. The former is one 
whose curves, in the authors' work, lie midway between those 
of truly tropical nature and northern, and which more nearly 
approaches potato in its type. This is confirmed by the vis
cosity curves which Caesar gave for these two starches. 
The authors have not investigated sago starch. I t  would be 
interesting to see if the tropical root starches with which the 
authors worked would give earlier and lower viscosity changes 
than the northern starches.

T able  I. G elatiniza tio n  D ata

Size

T ransi
tion

Tem pera

Tem 
pera
ture Differ

Starch Source Min. M ax, tu re Finish ence
Microns ° C. 0 C. ° C.

Ñ am e hicamo
(Dioscorea polygonoides H . & B.) 5 32 48 78 30
Apio
{Arracada xanthorrhiza, Baner) 4 22 56 66 10
Ñame m apuey 
(Dioscorea trífida L. f.) 19 58 61 72 11
Cassava
[M anihot manihot (L.) Cockereil] 4 20 62 .5 82 .5 20
Edible canna 
(Canna eduLis Ker.) 32 108 63 69 ■ 6
Yellow sweet po tato  
[Ipomoea batatas (L.) Lam.] 4 25 66 72 6
Yellow yau tia
[Xanthosoma sagittifolium  (L.) 

Schott] 4 19 69 79 .10
W hite yau tia
(Xanthosoma caracú C. Koch & 

Bouché) 4 12 73 79 6
W hite sweet po tato  
[Ipomoea batatas (L.) Lam.] 8 35 73 79.5 6 .5
W hite yam  
(Dioscorea alata L.) 14 50 73 81 8
T aro
[Caladium colocasia (L.) W. F. 

W ight] 1 5 73 77 4
Sweet po ta to
[Ipomoea batatas (L.) Lam ,] 4 29 72 .5 80 7 .5
Arrowroot
(M aranta arundinacea L.) 7 49 74 96 22
Green p lantain  
(M usa paradisiaca L.) 13 59 75 96 21
W heat
(Triticum  xstivum  L.) 2 35 55 94 39
Barley
(Hordeum vulgare L.) 3 37 56 94 38
Oats
(Avena sativa L.) 2 18 57 93 36
Rice
(Oryza sativa L.) 4 12 59 92 33
W hite po ta to  
CSolanum tuberosum L.) 7 80 62 97 35
Corn
(Zea mays L.) 4 22 65 96 31
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Microscopic examination a t  5° C. intervals indicate th a t 
with tropical starches the granules are ruptured completely 
in almost all cases below a tem perature of 85° C., while white 
potato, cassava, wheat, corn, rice, and barley, on the contrary, 
show many swollen b u t unruptured granules even a t 90° to 
95° C. The interesting photomicrographs of Sjostrom (5) 
bear out this observation, showing the swelling and disinte
gration of sweet potato  and canna, a t tem peratures lower than 
th a t of com and wheat.

The importance of the distinction between the starches of 
northern and tropical origin has apparently a correlation in 
the ability of patients suffering from the tropical disease, 
sprue, to  digest and assimilate starches from various sources. 
This phase of the problem will be discussed in a paper soon 
to be published.

Certain starches, such as cassava, white potato, and the 
starch of the green plantain (Musa paradisiaca, L.), give 
curves which are intermediate in character between those of 
the northern and main tropical starches investigated (Figure 
2). This brought out a curious observation which will 
require further investigation to  verify completely. Starch 
from white potatoes grown in Puerto Rico seems to give a 
curve more like the other tropical starches than starch from 
the same variety of potato grown in the north. I t  is possible 
th a t acclimatization of the p lant m ay bring about changes 
in the physical and chemical properties of such a complex 
m aterial as starch.

Some 30 varieties of starch have been run by the photo
electric m ethod; the transition points vary from 48° to 78° C., 
bu t all produce curves of the three types illustrated in Figure
2. M ost fall in the true tropical or northern group curves, 
with 3 or 4 in the interm ediate cassava or white potato 
group.

Table I  gives the granule size, tem perature of the transition 
point, and the tem perature a t which no further increase of 
transparency occurs with rising temperature. The difference

column is simply a measure of the slope of the gelatinization 
curve and indicates th a t the starches can be grouped in three 
classes: those with a tem perature difference up to 10 ° C.; 
those of the intermediate class in the 20° to 22° C. range; 
and the third, mostly composed of northern starches, with 
differences of 30° to 40° C. for completion of gelatinization.

The effects of gelatinizing agents such as acids, alkalies, 
sodium thiocyanate, and calcium chloride have been tested 
by the photoelectric method, and in general, their effect is to 
increase the tem perature of the transition point, and in the 
case of the intermediate and northern group starches, greatly 
increase the rate of gelatinization. By means of this method 
the effects of hydrolytic and gelatinizing agents can be 
followed, since it continuously measures changes which may be 
invisible to the eye and which can be measured qualitatively 
by th a t organ only after greater time and tem perature 
intervals. I t  also offers a ready means of determining the 
lowest tem peratures a t  which the starch granule begins to 
swell and become more transparent, under the action of either 
heat and water or solutions of various gelatinizing agents.

This method may have some industrial application, since 
it gives reproducible results with any given starch and is 
sensitive to various pretreatm ents th a t the sample may 
undergo during the manufacturing process.
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Determ ination o f Sugars in Plants
B y O xid ation  w ith  F err icy a n id e  and  C eric S u lfate  T itra tion

W . Z . I IA S S ID , D iv is io n  o f  P l a n t  N u t r i t i o n ,  U n iv e rs i ty  o f  C a li fo rn ia ,  B e rk e le y , C a lif .

I N A PREVIOUS paper the writer (1) published a method 
for the determ ination of sugars in plants by oxidation with 

potassium ferricyanide and titra tion  with ceric sulfate, using 
o-phenanthroline ferrous sulfate as an indicator. Further 
observation showed th a t in some cases certain p lant extracts 
presented difficulty in obtaining a distinct end point with this 
indicator, especially when the am ount of reducing sugar 
in the sample was small and a large excess of the ferricyanide 
was left in solution afte r oxidation of the sugar.

The difficulty was remedied by using Setopaline C instead 
of o-phenanthroline ferrous sulfate and by modifying the 
concentration of the alkaline ferricyanide solution. In 
order to  avoid a large excess of ferricyanide when the quantity  
of reducing sugars in the sample was small, the am ount of 
the alkaline ferricyanide used for the oxidation was reduced. 
This modified m ethod is applicable to quantities between 
0.3 and 3.5 mg. of reducing sugars.

Reagents
I n d ic a t o r . Setopaline C (0.1 gram) is dissolved in 100 cc. 

of water and 7 to 10 drops of the indicator are used for the titra
tion. The end point is a sharp change from pale green to a golden 
brown. The indicator consumes practically no ceric sulfate:

1 drop of 0.01 N  ceric sulfate is sufficient to impart a golden 
brown color to the blank. (Setopaline C is manufactured in 
Switzerland and its formula at present is a trade secret. I t may 
be obtained through Eimer & Amend, New York, N. Y., a t a 
very small cost.)

A l k a l i n e  P o t a s s iu m  F e r r i c y a n id e . A  mixture of 8.25 
grams of potassium ferricyanide and 10.6 grams of sodium car
bonate is dissolved in cold water and made up to 1 liter. The 
solution is poured into a dark bottle and kept in a cool place, 
preferably in a refrigerator above freezing. Quantities of the 
solution are taken out as needed.

C e r i c  S u l f a t e . A 0.25 N  ceric sulfate stock solution is made 
as follows: 75.5 grams of ceric sulfate (55 per cent pure) are 
placed in about 300 cc. of water to which 30 cc. of concentrated 
sulfuric acid have been added. The mixture is heated on a steam 
bath until all of the ceric sulfate is dissolved. The solution is 
filtered, cooled, and made up to 500 cc.

The ceric sulfate is conveniently standardized against a 0.1 N  
solution of ferrous ammonium sulfate (Mohr’s salt). This 
standard solution is made up by dissolving 39.214 grams of the 
salt in about 300 cc. of water, to which 25 cc. of 1 to 1 sulfuric 
acid have been added, and diluting to 1 liter. The Mohr’s salt, 
Fe(NH()2(SO<)2-6H.O, must be of high purity suitable for use 
as an analytical standard.

Fifteen cubic centimeters of the approximately 0.25 N  ceric 
sulfate solution are diluted with 50 cc. of water and 3 cc. of 1 to 1 
sulfuric acid and titrated with the 0.1 iV standard Mohr’s solu
tion until the color of the ceric sulfate is almost bleached out.
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Eiglit drops of Setopaline C indicator solution are then added 
and the titration is continued to a  sharp change from golden 
brown to a light yellow color.

A 0.01 N  solution of eerie sulfate is made up for the use of 
sugar analysis by diluting 20 cc. of the 0.25 N  stock solution and 
50 cc. of 1 to 1 sulfuric acid to 500 cc. The 0.01 N  eerie sulfate 
solution may also be standardized against Mohr’s salt. A 0.01 N  
standard solution of the ferrous ammonium sulfate should be 
used for this purpose. The stock solution is kept in a cool place 
and the dilute 0.01 N  eerie sulfate is made up as needed.

P rocedure
The plant extract is clarified as previously described (1). Five 

cubic centimeters of the clarified solution containing not more 
than 3.5 mg. of reducing sugar are mixed with 5 cc. of the alkaline 
ferrieyanide in a 145 X 28 mm. Pyrex glass test tube. The tube 
is heated in a boiling water bath or immersed in a steam bath 
and heated for exactly 15 minutes. The tube with the contents 
is then cooled to room temperature by immersing in running water 
for about 3 minutes. Five cubic centimeters of 5 N  sulfuric acid 
are added and the contents are mixed by shaking the tube. 
Seven to 10 drops of the Setopaline C indicator are introduced and 
titrated with the 0.01 N  eerie sulfate from a 10-cc. buret until a 
golden brown color appears. Estimations are conveniently 
carried out in batches of eight.

The eerie sulfate used is standardized against a pure grade 
of glucose by the same procedure, using 5-cc. aliquots of 
solution containing known am ounts of the sugar. From the 
titra tion  of pure glucose the number of cubic centimeters of 
eerie sulfate equivalent to 1 mg. of glucose is calculated. I t  
was found th a t 3.00 cc. of 0.01 N  eerie sulfate solution are 
equivalent to 1  mg. of glucose. I t  is convenient to  have on 
hand a solution of pure 1 per cent glucose made up in 0.25 
per cent benzoic acid. When prepared in this way the glu
cose will keep for several m onths. W henever needed, a 
few cubic centimeters of this standard solution are diluted 
to  the proper strength and used for standardization of the 
dilute eerie sulfate solution. Standardization of the eerie 
sulfate solution against glucose is necessary whenever i t  is 
made from the 0.25 N  stock solution.

L iteratu re  C ited
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Turbidity in Sugar Products
V. C olor an d  T u rb id ity  o f  H ard R efined  Sugars

F. W. ZEUBAN AND LOUIS SATTLER, New Y ork Sugar T rade L aboratory, New York, N. Y.

T H E  previous two articles of this series (S, 5) dealt with 
the determination of coloring m atter and turbidity in raw 

cane sugars. This investigation has now been extended to 
hard refined sugars. Of the twenty-nine samples examined, 
twenty-six were granulated cane sugars, two were powdered 
cane sugars, and one was a beet sugar. Three analytical 
procedures were used in this work: (1) Balch; (2) Zerban, 
Sattler and Lorge; (3) Landt and W itte.

B a lch  M eth od
In  the method of Balch (1) a 60-Brix solution of the sugar 

is prepared, and a portion of it  is filtered. The unfiltered 
solution is read in the spectrophotom eter against the filtered 
solution a t  one or more wave lengths, and the result is ex
pressed in term s of the specific absorptive index, —log t. The 
concentration of the coloring m atte r is found by reading the 
filtered solution against water, and converting the result 
also into —logi.

In  applying this method to white sugars, the writers used 
the same filtering materials as before: Celite analytical
filter aid, specially prepared asbestos, and purified silica gel.

Since hard refined sugars contain very little coloring 
m atter and turbidity, long absorption cells m ust be employed. 
The cells used by the writers were 100 mm. in length, the 
maximum available for the Keuffel and Esser spectropho
tometer. Still longer cells would be preferable. The readings 
were taken a t wave length 529 m /i,  in order to  perm it direct 
comparison with the measurements made according to  the 
other two procedures.

Z erban, S a ttler , an d  Lorge M eth od

In  the method of Zerban, Sattler, and Lorge (4) the trans- 
m ittancy, T, and the Tyndall beam intensity, R, of the unfil
tered 60-Brix solution are measured with the Pulfrich pho
tom eter in a 2.5-mm. cell. R  is expressed in per cent of the 
Tyndall beam intensity of the standard turbid glass block

of the instrum ent. Color filters are used for measurements 
a t  various wave lengths.

The concentration of turbidity, N , and of coloring m atter 
C, are then found by means of Equations 1  and 2 .

R =  aN k-o  (l)
-  log T  =  N  +  C (2)

The numerical values of the constants a and k  are given in 
the paper referred to  (4). In  practice it  is easier to  find N  
and C from a graph based on the two equations rather than  by 
calculation. N  and C are thus expressed in terms of —log T  
for a 60-Brix solution and a  cell thickness of 2.5 mm. In 
refined white sugars the color is generally so close to  zero 
th a t the expression k~c in Equation 1 is almost equal 
to  unity, and N  becomes directly proportional to R, or 
nearly so.

An a ttem p t was made to measure the Tyndall beam inten
sity  of the refined sugar solutions in the cells of 2.45- and 
2.46-mm. thickness, previously used in raw sugar work, but 
the turbidity was so small and the correction for the turbidity  
of the water used for dissolving the sugar was relatively so 
large th a t reliable results could not be obtained. The 
measurements were therefore repeated in a 26-mm. Zech- 
meister beaker, the effective depth of which is 16.3 mm. The 
transm ittancy of the unfiltered solutions was measured in a 
100-mm. tube with the spectrophotometer, the same figure 
being used as in the method of Balch. The results for 
—log Tioo and for 7?16.3 are shown in Table I, columns 2 and 3, 
respectively, for wave length 529 rnp..

In  order to calculate N  and C from —log T  and R  by means 
of Equations 1 and 2, i t  was necessary first to reduce 
—log T m  and fte.s to a  depth of 2.455 mm. I t  was found tha t 
over such a wide range of thickness the optical density, 
D  (=  — log T ) , is not directly proportional to  the depth, b, but 
a power function of it, according to the equation

A  : f t  -  (6i : bi)n (3)
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The exponent n  was found to  equal 0.955. Consequently, 
—log T m  had to be multiplied by 0.02901 to reduce it to 
—log TV«5. Similarly, R l6 3 had to be multiplied by 0.16401.

T able  I. E x perim en ta l  D ata and  C alculated  Va lues  for  M ethods of  Zerba n , 
Sa ttler , and L oroe , and o f  L andt and W itt e

1 2 3 4 5 6 7 8 9
Absolute 
T urb id ity , 
L and t and- lo g  T t R  -  100 A, - lo g  T, log R, N , c, fk ,

No. 100 mm. 16.3 mm. 2.455 mm. 2.455 mm. 2.455 mm. 2.455 mm. 16.3 mm. W itte

1 0.1757 73.49 0.0051 1.0811 0.0021 0.0030 1.106 0.0023
2 0.2746 179.70 0.0080 1.4694 0.0049 0.0031 1.171 0.0059
3 0.1634 65.85 0.0047 1.0334 0.0018 0.0029 1.098 0.0020
4 0.0415 25.58 0.0012 0.6228 0.0007 0.0005 1.026 0.0007
5 0.0901 23.45 0.0026 0.5850 0.0006 0.0020 1.053 0.0007
6 0.2409 138.49 0.0070 1.3563 0.0038 0.0032 1.149 0.0045
7 0.1428 135.40 0.0041 1.3465 0.0038 0.0003 1.086 0.0042
8 0.0992 40.03 0.0029 0.8173 0.0012 0.0017 1.059 0.0012
9 0.1307 55.44 0.0038 0.9587 0.0015 0.0023 1.079 0.0017

10 0.2577 94.71 0.0075 1.1913 0.0027 0.0048 1.160 0.0031
11 0.0832 35 .26 0.0024 0.7621 0.0010 0.0014 1.049 0.0010
12 0.1036 60.43 0.0030 0.9961 0.0017 0.0013 1.062 0.0018
13 0.1025 53.85 0.0030 0.9460 0.0015 0.0015 1.060 0.0016
14 0.4250 65.51 0.0123 1.0312 0.0019 0.0104 1.277 0.0024
15 0.1574 162.10 0.0046 1.4246 0.0044 0.0002 1.094 0.0050
16 0.1331 96.28 0.0039 1.1984 0.0028 0.0011 1.080 0.0029
17 0.1262 102.70 0.0037 1.2264 0.0029 0.0008 1.075 0.0031
18 0.0965 58.84 0.0028 0.9845 0.0017 0.0011 1.057 0.0018
19 0.1662 101.55 0.0048 1.2215 0.0028 0.0020 1.100 0.0032
20 0.0904 51.41 0.0026 0.9259 0.0014 0.0012 1.053 0.0015
21 0.0766 74.00 0.0022 1.0841 0.0020 0.0002 1.044 0.0022
22 0.0918 71.70 0.0027 1.0704 0.0019 0.0008 1.054 0.0021
23 0.0443 46.93 0.0013 0.8863 0.0013 0.0000 1.025 0.0014
24 0.2377 235.21 0.0069 1.5863 0.0064 0.0005 1.146 0.0076
25 0.1785 88.23 0.0052 1.1605 0.0025 0.0027 1.108 0.0028
26 0.0935 69.13 0.0027 1.0545 0.0019 0.0008 1.055 0.0021
27 0.1347 94.11 0.0039 1.1885 0.0027 0.0012 1.081 0.0029
28 0.1952 112.73 0.0057 1.2669 0.0032 0.0025 1.118 0.0036
29 0.1638 115.12 0.0048 1.2760 0.0033 0.0015 1.099 0.0036

The values of —log T i^ a n d  of Rt.tss, calculated in this manner, 
are given in columns 4 and 5 of Table I. The corresponding 
values of N  and C were next found from a greatly enlarged 
graph, similar to th a t shown in Figure 1 of P art I I  of this 
series (4), and the results are given in columns 6 and 7 of 
Table I.

L an d t and  W itte  M eth od

In  the method of Landt and W itte (2) the turbid ity  alone 
is determined with the Pulfrich photom eter, in the same 
manner as in the procedure of Zerban, Sattler, and Lorge. 
The Tyndall beam intensity is expressed as A , which is equal 
to  0.01 R. The so-called “absolute” turbid ity  is then cal
culated by the formula

Absolute turbidity = A X f k X D x t (4)

where/* is a correction factor which is a function of the trans- 
m ittancy. The values of this factor are shown in Table I, 
column 8, for each of the 29 samples. D  is a factor varying 
with the depth of layer used. For the 26-mm. Zechmeister 
beaker D  equals 1. t is the absolute turbid ity  of the standard 
glass block—i. e., the Tyndall beam intensity—for a 1 -cm. 
depth  of layer, expressed as a fraction of the incident light 
intensity, under the assumption th a t the prim ary light is 
completely scattered, and th a t there is no multiple reflection. 
The t of the glass block used in this investigation, for wave 
length 529 m ¡i, is 0.002S2. The absolute turbidities of the 
sugar solutions, calculated by means of Equation 4, are shown 
in Table 1, column 9.

Comparative Results

In  order to  make a direct comparison between the results 
obtained by m ethods 1  and 2 , it is necessary to  reduce them 
all to  a  common basis, and the specific absorptive index, 
—log t, was chosen for this purpose. The results of the method 
of Landt and W itte cannot be converted directly into —log t, 
but the relationship between the two will be discussed.

The —log T  values for the to tal absorption and for th a t due 
to turbidity  alone, obtained by Balch’s method with 60- 
Brix solutions and a 100-mm. tube, were reduced to 1-cm.

thickness by multiplying by 0.11092 
(0.i° .955), ancj a concentration of 
100 grams in 100 ml. by multiplying 
by 1.296. Beer’s law was assumed 
to hold within the limits of error, 
for the increase in concentration was 
only about 30 per cent. The con
centration of coloring m atte r was 
then found by deducting the tu r
bidity, expressed as —log t, from the 
total —log t of the unfiltered solu
tion. The turbidity  and c o lo r in g  
m atter, calculated in this manner, 
are shown in Table II, columns 2 
to  7, for filtration with Celite, as
bestos, and silica gel, respectively.

The —log T  and N  values, ob
tained by method 2 for a cell thick
ness of 2.455 mm. and 60-Brix con
centration, were similarly converted 
into —log t, multiplying by 3.8238 
(4.07340-955), and the product by 
1.296. The C values were again 
found by difference. The N  and C 
figures are given in Table II, columns 
8 and 9.

T h e  a b s o lu te  turbidities, found 
by the Landt and W itte method, were multiplied by 1.296, 
to  base them also on a concentration of 100 grams in 100 
ml., and the values thus calculated are shown in Table II, 
column 10 .

A comparison of the results obtained with the three filtering 
materials confirms the previous findings with raw sugars. 
The color concentration, arrived a t by asbestos filtration, 
averages higher than  th a t found by Celite filtration, and 
silica gel gives the lowest average color figures, but in many 
individual cases filtration w ith asbestos results in lower color 
values than filtration with Celite. Silica gel gives lower 
color figures than  asbestos in all cases but one, and lowrer ones 
than Celite in all but four.

In  the preceding paper, dealing with raw sugars, it was 
shown th a t the discrepancies in the results obtained with the 
three filtering agents m ay be explained by their selective 
effect. All remove both turbidity  and coloring m atter, but 
to  a varying degree, depending on particle size. The same is 
true for white sugars.

Table I I  also shows th a t the method of Zerban, Sattler, 
and Lorge, employing only unfiltered solutions for the 
measurements, usually gives lower turbidity  values and 
correspondingly higher color values than  the filtration 
methods. In  a few individual cases the reverse is true. 
B oth higher and lower color values m ay be explained by the 
selective effect of the filtering agents. In  the former case 
the filtering m aterial removes relatively more coloring m atter 
from the solution; in the la tte r a relatively large portion of 
the turbidity  goes into the filtrate, and, causing absorption, 
is registered as coloring m atter.

I t  remains to  inquire whether the methods utilizing the 
transm ittancy and Tyndall beam intensity of unfiltered 
solutions give a reliable measure of the color and turbidity, 
for white sugars a t  least. Information on this point m ay be 
obtained by a comparison between the results of the method 
of Zerban, Sattler, and Lorge and th a t of Landt and W itte. 
The la tte r m ethod has a sound theoretical foundation when 
coloring m atte r is absent or very small in quantity , as is the 
case with white sugars. Under these conditions the turbidity
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concentration is practically proportional to the Tyndall 
beam intensity, bu t a correction m ust be applied for absorp
tion.

T able II . C om parison  op R esu lts  w ith  F iltered  and U n filtbk ed  Solutions11
1 2 3 

Celite

4 5 

Asbestos

6

Silica

7

Gel

8 9 10
L an d t and 

W itte
No. T urb id ity Color T urb id ity Color T urb id ity Color N C T urb id ity

1 0.0183 0.0070 0.0176 0.0077 0.0203 0.0050 0.0104 0.0149 0.0030
2 0.0359 0.0036 0.0361 0.0034 0.0394 0.0001 0.0242 0.0153 0.0077
3 0.0165 0.0070 0.0136 0.0099 0.0192 0.0043 0.0090 0.0145 0.0026
4 0.0041 0.0019 0,0018 0.0042 0.0047 0.0013 0.0035 0.0025 0.0010
5 0.0094 0.0036 0.0098 0.0032 0.0177 0.0013 0.0030 0.0100 0.0009
6 0.0275 0.0071 0.0297 0.0049 0.0307 0.0039 0.0190 0.0156 0.0058
7 0.0179 0.0026 0.0178 0.0027 0.0183 0.0022 0.0190 0.0015 0.0054
8 0.0098 0.0045 0.0101 0.0042 0.0102 0.0041 0.0059 0.0084 0.0016
9 0.0162 0.0026 0.0150 0.0038 0.0163 0.0025 0.0074 0.0114 0.0022

10 0.0336 0.0035 0.0303 0.0068 0.0331 0.0040 0.0134 0.0237 0.0040
11 0.0077 0.0043 0.0089 0.0031 0.0096 0.0024 0.0050 0.0070 0.0014
12 0.0134 0.0015 0.0138 0.0011 0.0134 0.0015 0.0084 0.0065 0.0024
13 0.0115 0.0032 0.0123 0.0024 0.0130 0.0017 0.0073 0.0073 0.0021
14 0.0549 0.0062 0.0517 0.0094 0.0555 0.0056 0.0094 0.0517 0.0031
15 0.0196 0.0030 0.0168 0.0058 0.0210 0.0016 0.0216 0.0010 0.0065
16 0.0153 0.0038 0.0140 0.0051 0.0171 0.0020 0.0137 0.0054 0.0038
17 0.0154 0.0027 0.0165 0.0016 0.0175 0.0006 0.0142 0.0039 0.0040
18 0.0113 0.0026 0.0103 0.0036 0.0117 0.0022 0.0085 0.0054 0.0023
19 0.0197 0.0042 0.0175 0.0064 0.0203 0.0036 0.0137 0.0102 0.0041
20 0.0095 0.0035 0.0070 0.0060 0.0114 0.0016 0.0070 0.0060 0.0020
21 0.0103 0.0007 0.0080 0.0030 0.0107 0.0003 0.0100 0.0010 0.0028
22 0.0127 0.0005 0.0117 0.0015 0.0130 0.0002 0.0093 0.0039 0.0028
23 0.0062 0.0002 0.0035 0.0029 0.0055 0.0009 0.0064 0.0000 0.0018
24 0.0307 0.0034 0.0290 0.0051 0.0312 0.0029 0.0316 0.0025 0.0099
25 0.0219 0.0037 0.0214 0.0042 0.0243 0.0013 0.0123 0.0133 0.0036
26 0.0074 0.0060 0.0086 0.0048 0.0087 0.0047 0.0094 0.0040 0.0027
27 0.0148 0.0045 0.0113 0.0080 0.0155 0.0038 0.0133 0.0060 0.0037
28 0.0220 0.0060 0.0187 0.0093 0.0223 0.0057 0.0158 0.0122 0.0046
29 0.0206 0.0030 0.0173 0.0063 0.0202 0.0034 0.0164 0.0072 0.0046

Av. 0.0177 0.0037 0.0166 0 .0048 0.0188 0.0026 0.0120 0.0094 0.0035

° R esults are expressed as —log t, except for th e  L an d t and W itte  m ethod, where they  are given as absolute 
b id ity  for a concentration  of 100 gram s of solids in  100 ml. of solution.

This is done in the  m ethod of Landt and W itte by mul
tiplying by the f k factor, derived from theory, and in tha t 
of Zerban, Sattler, and Lorge by the use of the empirical 
formulas 1 and 2, based on experimental evidence. If the 
two methods give the same results, when reduced to a common 
basis, this constitutes strong presum ptive evidence th a t these 
results are correct. An examination of the figures given in 
Table II, columns 8 and 10, shows th a t there is a nearly con
stan t ratio, averaging 3.47, between the N  values and the 
absolute turbidities. Table I II , column 3, shows the values 
obtained by m ultiplying the absolute turbidity  by this factor 
3.47. The results check closely with those found directly by 
the m ethod of Zerban, Sattler, and Lorge (column 2), and the 
averages agree within 1.6 per cent.

The largest percentage discrepancies between N  found 
directly, and N  calculated from the absolute turbidity, are 
found in samples 14 and 2. Both samples show high total 
absorption, as m ay be seen from Table I, column 2. Under 
this condition the f k values of L andt and W itte are evidently 
a  little too high, and the theoretical assumptions on which 
they are based no longer hold strictly. As a m atter of fact, 
a closer analysis of the figures in columns 8 and 10 of Table I I  
shows th a t the ratio between N  found and N  calculated de
creases from 3.70 to  3.22 w ith an increase in the absolute 
turbidity from 0 to  0.01. N  has been calculated from the 
absolute turbidity  by this varying ratio also, and the results 
are shown in column 5 of Table I I I .  The individual values as 
well as the average value of N  calculated in this manner check 
with the found values only slightly better than those obtained 
by means of the average ratio 3.47, and nothing is gained in 
practice by using the sliding ratio for calculating N  from the 
absolute tu rb id ity  of white sugars.

While the results of the method of Zerban, Sattler, and 
Lorge are confirmed by those of the Landt and W itte method, 
both give an exact measure of the turbid ity  concentration 
only if the distribution of particles of different size, shape, 
etc., is always the same. In  the m ethod of Zerban, Sattler, 
and Lorge, the distribution m ust be the same as in the stand
ard sugar used by the writers to  establish their formulas

1 and 2. I t  stands to reason th a t this condition is the excep
tion rather than the rule, and it  follows th a t the m ethod of 
the writers, using unfiltered solutions, does not give absolute

figures for color and turbidity 
any more than the filtration 
methods, and th a t the results 
are in both cases merely com
parative. However, the time 
required for an analysis by the 
method of Zerban, Sattler, and 
Lorge is much shorter because 
the tedious filtration process is 
avoided, while the number of 
optical observations is the same 
in both methods. The only 
drawback of the method with
out filtration is th a t the meas
u re m e n ts  of Tyndall beam 
intensity m ust be made with 
the greatest care and attention 
to details, as has been pointed 
out by Landt and W itte as well 
as by the writers.

S in ce  both turbidity  and 
coloring m atter absorb light 
selectively and differ merely 
in d e g re e  of d is p e r s io n ,  a 
l in e  of d e m a r c a t io n  m ust 
be drawn a r b i t r a r i l y ,  a n d  
either any one of the filtra

tion methods or the m ethod of the writers m ay be chosen 
for this purpose. This applies to  raw sugars also, and in 
the light of the results recently obtained by the writers 
there is no need to use unfiltered solutions for turbidity 
determination and filtered solutions for color determination 
in raw sugars, as previously proposed, because it is now known 
th a t the color determined after previous filtration is no more 
reliable than th a t derived, by the m ethod of the writers, 
from the Tyndall beam intensity and transm ittancy of the 
unfiltered solution. The m ethod of Landt and W itte cannot 
be used for this purpose on raw sugars, because the assump
tions on which the f k values of these authors are based, while

T able  I I I .  C omparison  b e t w e e n  N,  as —log I, F ound D i
rectly  and C alculated from  Absolute T u rbidity , by  Aver

age and by  Va ria ble  R atio

N , N , N ,
F ound  by Caled, by Caled, by

Zerban and Average Variable
No. S attler R atio  3.47 D eviation R atio D eviation

% %

1 0.0104 0.0103 - 1 . 0 0.0105 +  1 .0
2 0.0242 0.0267 +  10.3 0.0254 +  5 .0
3 0.0090 0.0092 + 2 .2 0.0094 + 4 .4
4 0.0035 0.0033 - 5 . 7 0 .0035 0 .0
5 0.0030 0.0032 + 6 .7 0.0033 +  10.0
6 0.0190 0.0202 + 6 .3 0.0198 + 4 .2
7 0 .0190 0.0187 - 1 . 6 0.0184 - 3 . 2
8 0.0059 0.0054 - 8 . 5 0.0056 - 5 . 1
9 0.0074 0.0076 + 2 .7 0.0078 +  5 .4

10 0.0134 0.0136 +  1 .5 0 .0140 + 4 .5
11 0.0050 0.0047 - 6 . 0 0.0049 - 2 . 0
12 0.0084 0.0081 - 3 . 6 0.0084 0 .0
13 0.0073 0.0073 0 .0 0.0075 + 2 .7
14 0.0094 0.0106 +  12.8 0 .0108 +  14.9
15 0.0216 0.0225 + 4 .2 0.0218 + 0 .9
16 0.0137 0.0132 - 3 . 6 0.0133 - 2 . 9
17 0.0142 0.0140 - 1 . 4 0.0140 - 1 . 4
18 0.0085 0.0079 - 7 . 1 0.0081 - 4 . 7
19 0.0137 0.0141 + 2 .9 0.0142 + 3 .6
20 0.0070 0.0069 - 1 . 4 0.0071 +  1 .4
21 0.0100 0 .0098 - 2 . 0 0.0100 0 .0
22 0.0093 0.0096 + 3 .2 0.0098 + 5 .4
23 0.0064 0.0061 - 4 . 7 0 .0063 - 1 . 6
24 0.0316 0.0341 + 7 .9 0.0318 + 0 .6
25 0.0123 0.0124 + 0 .8 0.0126 + 2 .4
26 0.0094 0.0092 - 2 . 1 0.0094 0 .0
27 0.0133 0.0129 - 3 . 0 0.0130 - 2 . 3
28 0.0158 0.0159 + 0 .6 0.0159 + 0 .6
29 0.0164 0.0161 - 1 . 8 0 .0160 - 2 . 4

Av. 0.01200 0.01219 * 4 .0 0.01216 =»=3.2
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holding for sugars with little or no coloring m atter, do not 
apply when large quantities of coloring m atter are present. 
The experiments of the writers have shown th a t even with 
white sugars /* is slightly too high when absorption is high, 
and th a t with dark raw sugars it becomes so much too high 
th a t absolute turbidities greatly in excess of 1 are found, 
which is an impossibility, since the intensity of the scattered 
or reflected light cannot be greater than th a t of the incident 
light. B ut the objections to  the method of L andt and W itte 
in the case of raw sugars do not apply to th a t of Zerban, 
Sattler, and Lorge, which is based on experiments with high 
concentrations of both tu rb id ity  and coloring m atter, and is 
therefore applicable to raw as well as to  white sugars.

In  this simplified method, w ithout any filtration whatever, 
the “quality index” (5) loses its meaning, being equal to 1 in 
all cases. The nature of the turbidity  may be characterized 
by making measurements a t different wave lengths and 
calculating the dispersion quotients; th a t of the coloring 
m atter m ay be similarly defined by the Q- or Ti-ratios of Peters. 
Further refinements m ay be introduced by independent 
measurement of the various particle properties, bu t for routine 
purposes this would hardly be necessary.

The suggestion is again advanced th a t the International 
Commission for Uniform M ethods of Sugar Analysis under
take a comparative study of the various methods proposed 
and recommend one for general adoption.

S u m m a ry  an d  C o n clu sio n s

The previous investigation on raw cane sugars has been 
extended to  hard refined sugars. A comparison has been 
made between the method of Balch, in which the turbidity  and

coloring m atter are found from the transm ittancy of the 
solution before and after filtration, and the method of the 
writers, in which both are calculated from the transm ittancy 
and Tyndall beam intensity of the unfiltered solution. The 
method of Landt and W itte for determining turbidity  has 
also been included in this study.

The previous finding, th a t filtering agents act selectively, 
has been confirmed. Generally, Celite gives lower color 
values than asbestos, and silica gel still lower ones; the oppo
site is true for the turbidity  figures. B ut there are exceptions 
to  this rule, depending on the nature of the turbidity  and of 
the coloring m atter. The m ethod of the writers usually 
gives higher color values than any of the filtration methods. 
While this also indicates th a t the filtering agents remove 
coloring m atter, it m ust be considered th a t both turbidity  
and coloring m atter absorb light selectively and th a t any line 
of demarcation between the two m ust necessarily be arbitrary. 
The choice between the two types of m ethods thus becomes a 
m atte r of agreement. The m ethod without filtration has the 
advantage of greater speed, b u t requires greater care in 
manipulation. I t  is suggested th a t the decision be left to the 
International Commission for Uniform M ethods of Sugar 
Analysis.

L itera tu re  C ited
(1) Balch, In d .  E n g .  C h em ., Anal. E d .,  3,124 (1931).
(2) L andt and W itte, Z. Ver. deut. Zuckerind., 84, 450 (1934).
(3) Zerban and Sattler, I n d .  E nd. C h em ., Anal. Ed., 8, 168 (1936).
(4) Zerban, Sattler, and Lorge, Ibid., 6, 178 (1934).
(5) Ibid., 7, 157 (1935).

R e c e i v e d  Decem ber 3 0 ,  1936. Presen ted  before the Division of Sugar 
C hem istry a t  the  93rd M eeting of the  American Chem ical Society, Chapel 
H ill, N . C ., April 12 to  15, 1937.

Estimation o f Potassium in Silicates and Soils
A L ow -M elting A lk a li C arbonate F lu x

J .  E . G IE S E K IN G  AND H . J .  S N ID E R , U n iv e rs i ty  o f  I l l in o is ,  U rb a n a ,  111.

D IFFIC U LTIES in completely decomposing highly 
aluminous minerals by the J. Lawrence Smith fusion 

(8) have been pointed out by Lamar, Hazel, and O’Leary
(1), and have been experienced by the present authors in 
working with soils, clays, and similar materials. This led 
to the search for a more desirable flux, which, to be suitable 
for potassium determinations in silicates, (1) should have a 
low melting point, (2) should be reactive with silicates a t  the 
melting point, and (3) m ust not leave a residue of salts difficult 
to separate from potassium. A mixture of two parts of sodium 
carbonate and one part of lithium carbonate was found to 
have these characteristics, if potassium is determined by the 
cobaltinitrite method. This flux appears to be very similar 
to the composition of a eutectic compound of sodium and 
lithium carbonates. I t  melts between 470° and 480° C. and 
is very effective in decomposing soil silicates a t  temperatures 
between 500° and 600° C. Sodium and lithium salts do not 
interfere with the determination of potassium by the cobaltini
trite  method.

The following experimental procedure was applied to  a 
number of soils in connection with the potassium determina
tion;

A 1-gram sample of 100-mesh soil is weighed into a 40-ml. 
platinum crucible. In order to destroy the organic matter in the

sample, 0.5 to 1 ml. (depending on organic matter content) of 
concentrated perchloric acid is added. The crucible is placed 
on a hot plate and heated until the last trace of perchloric acid 
is removed. To the sample, free of organic matter, are added 8 
grams of a mixture of 2 parts sodium carbonate and 1 part 
lithium carbonate. The sample and carbonates are mixed 
thoroughly by means of a glass rod and then covered with an 
additional gram of the carbonate mixture. The crucible is 
covered and the sample is fused in a muffle furnace at a tem
perature betweeen 500° and 600° C., this temperature being 
maintained until all bubbling has ceased.

The crucible is removed from the furnace and given a rotary 
motion to distribute the fused mass on the sides of the crucible 
during solidification, thus facilitating the removal of the cake 
which, after cooling, is placed in a 250-ml. beaker. The cake and 
residue left in the crucible are dissolved together (in a covered 
beaker) by adding 25 ml. of water and 50 ml. of 6 N  hydrochloric 
acid. A shell of silica will form on the cake, which must be broken 
off from time to time to hasten solution of the inner portion. If 
it dissolves too slowly the beaker may be placed on a steam 
bath.

After the carbonates have completely dissolved from the cake, 
the crucible and lid are washed and removed from the beaker ana 
the contents are taken to dryness on the steam bath. The residue 
is treated with 10 ml. of concentrated perchloric acid and taken 
to dryness on the hot plate. The perchloric acid treatment is 
repeated with the addition of 1.0 ml. of concentrated hydrochloric 
acid and 0-5 ml. of concentrated nitric acid to ensure complete 
dehydration of the silica and decomposition of a trace of am
monium salts which might be present. The residue is treated
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T a b l e  I. R e c o v e r y  o p  P o t a s s iu m  a f t e r  F u s i o n  w i t h  S o d iu m  
a n d  L i t h i u m  C a r b o n a t e

T a b l e  III. C o m p a r is o n  o p  S o d iu m - L it h i u m  C a r b o n a t e  
w i t h  J .  L a w r e n c e  S m it h  F u s io n  o n  S o il s

Potassium  Added 
Gram

0.00143
0.00143
0.00143
0.00143
0.00143

Potassium  Recovered 
Gram

0.00141
0.00146
0.00143
0.00141
0.00145

T a b l e  II. P o t a s s iu m  R e m a i n in g  i n  S i l ic a  R e s i d u e  f r o m  
S o d iu m - L it h it jm  C a r b o n a t e  F u s io n

Source of Sample

Purdue U niversity , Soils 
D epartm ent

B ureau of C hem istry and 
Soils

Illinois Experim ent Station , 
sam ple 5767

Illinois Experim ent S tation, 
sam ple 5788

U. S. B ureau of S tandards, 
sam ple 97

U. S. B ureau  of S tandards, 
sam ple 98

a Per cent of dry  sam ple. 
b B lank, 0.003 per cent.

'— Potassium  Found°- 
F il tra te  from Total

Silica residue silica residue potassium ^
% % %

0.33 1.24 1.57
0.31 1.27 1.58
0 .34 1.24 1.58
0 .32 1.27 1.59
0 .32 1.04 1.36
0 .32 1.04 1.36
0 .30 1.04 1.34
0 .31 1.01 1.32
0 .32 1.04 1.36
0 .37 1.53 1.90
0 .37 1.53 1.90
0 .32 1.53 1.85
0 .33 1.56 1.89
0 .32 1.56 1.88
0 .32 1.56 1.88
0 .33 1.56 1.89
0 .39 1.56 1.95
0 .03 0.42 0 .45
0 .03 0.49 0.52
0 .03 0.46 0.49
0 .03 0 .46 0.49
0 .03 0 .46 0.49
0 .07 2.67 2 .74
0 .08 2.64 2 .72
0 .10 2.67 2.77
0 .10 2 .64 2.74
0 .09 2 .70 2.79

Potassium Found Average Dif
Source of Sample J . L . Sm ith NajCOr-LiiCOa Difference ference

% %
P urdue U niversity ,0 1.47 1.57

Soils D epartm ent 1.49 1.58 0 .10 6 .8
1.58
1.59

Av. 1.48 1.58
B ureau of C hem istry 1.27 1.36

and Soils*» 1.39 1.36 0 .06 4 .7
1.30 1.34
1.27 1.32
1.21 1.38
1.30

Av. 1.29 1.35
Illinois Experim ent 1.91 2 .16

S tation, sam ple 1.87 2 .09 0 .25 13.2
5760 2 .12

2 .18
Av. 1.89 2.14

Illinois Experim ent 1.36 1.90
S tation , sample 1.32 1.90 0 .54 40 .3
5767 1.85

1.86
Av. 1.34 1.88

Illinois Experim ent 1.65 1.89
Station , sample 1.61 1.88 0.27 16.6
5788 1.88

1.89
1.95

Av. 1.63 1.90
U. S. B ureau of 0 .45 0 .45

Standards, sam ple 0.46 0.52 0.04 8 .9
97 0.46 0.49

0 .42 0.49
0.47 0.49

Av. 0 .45 0 .49
U. S. B ureau of 2 .64 2.74

S tandards, sam ple 2 .57 2.72 0.12 4 .6
98 2 .70 2.77

2 .62 2.74
2 .60 2.79
2.67

Av. 2 .63 2 .75
° Sample furnished by  G. H . Enfield.
b Sample furnished by W. O. Robinson.

with 25 to 50 ml. of 5 per cent hydrochloric acid and heated on 
the steam bath for a few minutes.

After the crust of iron salts has dissolved, the solution is 
filtered, and the residue of silica is washed twice with 2 N  hydro
chloric acid, and with hot water until free of chlorides. The 
filter paper, after removing the dried silica, is ignited in a platinum 
crucible. The silica is added to the residue in the crucible, 
moistened with 2 ml. of water and 3 drops of perchloric acid, and 
5 ml. of hydrofluoric acid are added. The contents of the crucible 
are taken to dryness in a well-ventilated hood. This acid treat
ment is repeated without the addition of water. The residue 
left in the crucible is dissolved in 2 ml. of hot 5 per cenx hydro
chloric acid and the resulting solution is added to the filtrate 
from the silica. The filtrate is evaporated until salts begin to 
crystallize, and Is then transferred to a 100-mi. volumetric flask 
and made up to volume. From this volume 10-ml. aliquots are 
taken, the excess acid is neutralized with 10 per cent sodium 
hydroxide, using phenolphthalein as an indicator, and after the 
addition of 10 ml. of 0.15 N  acetic acid, potassium is determined 
by the cobaltinitrite method of Volk and Truog (S). The re
mainder of the solution may be used for the determinations for 
which the sodium carbonate fusion is applicable.

E x p erim en ta l R e su lts
To determine the effect of the salts left by the carbonate 

fusion mixture on the potassium determination, a known 
am ount of potassium sulfate was added to 9 grams of the 
sodium-lithium carbonate flux. Potassium was determined 
after fusing by the proposed procedure. Potassium was 
satisfactorily recovered, as shown by Table I.

In  order to check on the effectiveness of this method of

decomposing silicates, the filtrate from the silica and the resi
due from the silica after the hydrofluoric acid treatm ent were 
analyzed separately. These results are presented in Table II. 
In  the case of the soil samples three-fourths or more of the 
potassium was made acid-soluble by the fusion, while in the 
case of the clays, supplied by the U. S. Bureau of Standards, 
the potassium was made very nearly completely soluble.

Table I I I  gives the results of comparisons of the proposed 
method with the J. Lawrence Smith method. The data by 
the J. Lawrence Smith method have all been obtained by other 
analysts working a t  the various stations indicated. Each 
value reported on the samples from the U. S. Bureau of Chem
istry and Soils and the U. S. Bureau of Standards was ob
tained by a different analyst. In  every case the average value 
obtained by  the low-melting flux m ethod is higher than the 
corresponding average obtained by the J. Lawrence Smith 
method. The samples from the bureaus show th a t this dif
ference between the two methods is of the same order of 
magnitude as the differences within the J . Lawrence Smith 
values.

L itera tu re  C ited
(1) Lamar, O. M., Hazel, W. M., and O 'Leary, W. J., Ind. E no,

C h e  xi., Anal. Ed., 7, 429-31 (1935).
(2) Smith, J. L., Am. J . Set. (2), 50, 269 (1871).
(3) Volk, N. J., and Truog, E ., J . Am. Soc. Aaron., 26, 537-40 (1934).

R e c e i v e d  January  22, 1937.



Pretreatment o f W ood with Hot Dilute Acid
E ffect o n  L ign in  V alues

W IL B Y  E . C O IIE N  AND E L W IN  E . H A R R IS , U . S . F o r e s t  P r o d u c t s  L a b o ra to ry ,  M a d iso n , W is.

T h e  in flu en ce  o f  p re trea tm en ts  o f  >vood 
to rem ove, by m ea n s o f  h yd ro lysis , carbo
h yd rate  su b sta n ce  w h ich  a lleged ly  causes  
errors in  th e  lig n in  d e term in a tio n , h a s b een  
stu d ied  to  d e term in e  w h eth er  or n o t  lig n in  
is  d issolved  d u rin g  su ch  tre a tm e n ts . ITot 
w ater, to  so m e ex ten t, and  b o ilin g  3 per 
cen t su lfu r ic  acid , to  a m u ch  greater ex
te n t , d issolved  lig n in  from  m ap le  w ood. An  
ex a m in a tio n  o f  m eth o x y l c o n te n ts  d e m o n 
strated  th a t  th e  su b sta n cc  rem oved  was 
lig n in  and  n o t  so m e carbohydrate m ateria l 
w h ich  m ig h t p o lym erize to  an  in so lu b le  resi

d u e. A ll th e  filtra tes gave s ig n ifica n t color  
reaction s for l ig n in  w ith  ch lo r in e  an d  so 
d iu m  su lfite . In  a d d itio n , th e  acid  filtra tes  
d ep osited  a brow n flo ccu len t su b sta n ce  
w h ich  co n ta in ed  20.3 per c e n t o f  m eth o x y l 
and  w h ich  behaved  lik e  lig n in  w hen  ch lor in 
a ted  and  su b seq u en tly  d issolved  in  sod iu m  
su lfite . Spruce w ood is  reported  to  be  
affected in  a s im ila r  m an n er . I t  is  reco m 
m en d ed  th a t  a ll form s o f  m ild  h yd ro lysis , 
in c lu d in g  tr e a tm e n ts  w ith  h o t  w ater , be  
avoided w h en  preparing w oods for e ith er  th e  
d eterm in a tio n  or iso la t io n  o f  lig n in .

F OR the purpose of removing carbohydrate substances 
which-allegedly polymerize ¿when subjected to  the con

ditions employed in the estimation of lignin, various forms 
of pretreatm ents, using hot dilute acid, have been suggested. 
Norman and Jenkins (Jf), for example, recommended th a t 
the wood be boiled with dilute sulfuric acid for a definite 
period, making this recommendation with the reservation 
th a t nothing was known of the effect of such treatm ent on 
lignin as it occurs in the wood. Campbell and Bamford (1) 
stated  th a t such treatm ent resulted in the polymerization 
of some carbohydrate substances with a consequent small 
but definite increase in the lignin yield. Therefore they 
recommended th a t dissolved carbohydrate substances be 
removed immediately from the sphere of action by the ap
plication of several acid treatm ents, each of only a few 
m inutes’ duration. In  neither of the above instances was 
the possibility of an accompanying lignin extraction con
sidered. An investigation of this, was therefore initiated 
and the results are presented in this paper.

E xp erim en ta l P rocedure
Maple wood, ground to 40 mesh in a Wiley mill, was extracted 

in succession with cold alcoho 1-benzene (1 to 2), cold alcohol, cold 
water, and water at 98° C. The alcohol-benzene and alcohol ex
tractions were made in a continuous, percolating extractor (each 
for 24 hours' duration), and the water treatments were applied in 
a glass-lined mayonnaise mixer, the former for 24 hours and the 
latter in two periods of 3 hours each. The wood was finally 
washed on a suction filter until the hot wash water remained 
colorless. Corresponding quantitative treatments, using glass 
apparatus, indicated that the total loss by extraction amounted 
to 4.3 per cent. The wood was then extracted continuously 
for 60 hours with water a t 98° C. in an apparatus which emptied 
through a siphon tube once every hour. A similar quantitative 
treatment in glass showed a further loss of 6.3 per cent, making 
a total loss by extraction and, possibly, by mild hydrolysis of 
10.6 per cent.

Preparatory to subsequent treatments the wood was dried at 
room temperature (20° to 25° C.), and then ground in an attrition 
mill until all of it passed through a No. 80 sieve.

Separate portions of the prepared wood were then boiled under 
reflux with a 3 per cent solution of sulfuric acid (50 ml. per gram 
of wood) for periods of 2, 4, 8, 16, and 30 hours. Another por
tion was mixed in a filter crucible with a boiling 5 per cent solu
tion of sulfuric acid (10 ml. per gram of wood) for 4 minutes and 
the acid solution, was then withdrawn by suction and renewed. 
This procedure was continued until the wood had received ten 
such treatments.

Following each of the foregoing treatments, the acid was re
moved by suction and the wood washed free of acid by means of 
hot water. All samples were subsequently dried at room tem
perature.

Corresponding treatments, using weighed samples and under 
identical conditions, furnished data relative to the losses caused 
by acid hydrolysis.

Determinations of lignin, using the U. S. Forest Products 
Laboratory’s modified procedure, and of furfural yield, using the 
Tollens method with phloroglucinol as precipitant, were made on 
all samples. Additional samples of lignin were prepared and 
dried at room temperature preparatory to the determination of 
methoxyl content.

The data, corrected to  the basis of unextracted, moisture- 
free wood, are presented in Table I.

D iscu ssio n
While the furfural yield was only slightly decreased by 

water treatm ents, acid hydrolysis caused a rapid decrease 
which continued steadily with tim e of hydrolysis until 
finally, after 30 hours’ treatm ent, only about 1 per cent of 
furfural was obtained. Lignin values showed significant 
decreases when the wood was heated with hot water, bu t 
the losses were not of the same order as th a t caused subse
quently by boiling 3 per cent sulfuric acid. The latter, in 
2 hours, decreased the lignin value to  17.7 per cent which 
seemed to be the limit, because longer periods of boiling, 
up to  30 hours, caused no significant losses of lignin. The 
results (Table I, D  to H) suggested a solubility relationship, 
the acid solution (a) having become saturated with the 
slightly soluble lignin in the first 2 hours, (6) having reached 
a condition of equilibrium between dissolution of lignin and 
its  deposition as a less soluble polymerized material, or 
(c) having dissolved all the soluble lignin during th a t period.

The methoxyl content of the isolated lignin remained 
uniform throughout and, therefore, dem onstrated th a t 
lignin, rather than  carbohydrate substances which might 
polymerize to  an insoluble residue, was being removed. 
This was verified when the lignin methoxyl contents were 
calculated as percentages of wood.

I t  was evident th a t lignin is soluble in hot dilute acid and 
an examination of the various filtrates supported this con
tention. These filtrates were chlorinated and, on the addi
tion of sodium sulfite in excess of th a t required to  react with 
the acid present, a wine-red color, characteristic of chlorin-
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T a b l e  I. E f f e c t  o f  B o i l i n g  D i l u t e  S u l f u r ic  A c id  o n  t h e  L ig n in  V a l u e  o f  M a p l e  W o o d

Refer
ence P re trea tm en t

A E x traction  w ith alcohol-benzene, alcohol,
and  cold w ater 

B E x traction  w ith alcohol-benzene, alcohol,
cold w ater, and  ho t water 

C Same as B, plus 50 hours’ trea tm en t with
ho t w ater as described 

D Same as C, plus hydrolysis for 2 hours w ith
boiling 3%  H 2SO4 aq.

E  Same as C, plus hydrolysis for 4 hours with
boiling 3%  HtSO« aq.

F  Same as C, plus hydrolysis for 8 hours with
boiling 3%  HjSCh aq.

G Same as C, plus hydrolysis for 16 hours with
boiling 3%  II 1SO4 aq.

H  Same as C, plus hydrolysis for 30 hours with
boiling 3%  HiSO< aq.

I Same as C, plus 10 trea tm en ts  with boiling
5%  H 2SO4 aq. (10 ml. per gram ) each for 
4 m inutes

a Expressed as percentages of unextracted , m oisture-free wood. 
b Expressed as percentage of lignin.

Loss
by

Sol
vent

E xtrac
tiona

Loss
by

H ot-
W ater
T rea t
m enta

Loss
by

Acid
H ydroly

sisa

F u r
fural
Yielda

Lignin
Con
ten ta

M ethoxyl in 
Lignin 

b a
% % % % % % %

3.2 12.8 23.2 20 .2 4 .69
4 .3 12.5 21.5 20 .5 4 .40

4 .3 6 .3 12.1 20 .2 20 .6 4 .1 6

4 .3 6 .3 24 .8 3 .6 17.7 20 .4 3 .61

4.3 6 .3 29 .0 2 .3 17.3 20.7 3 .5 8

4.3 6 .3 31 .3 1.6 17.6 20 .3 3 .58

4 .3 6 .3 32 .2 1.3 17.5 20 .5 3 .59

4 .3 6 .3 35 .4 0 .9 17.3 20 .6 3 .56

4 .3 6 .3 13.7 10.8 19.7 20.7 4 .08

ated lignin dissolved in sodium sulfite, developed. Further
more, after standing a t room tem perature for a few days, a 
brown flocculent substance resembling lignin separated out 
from the filtrates. Some of this was collected and chlorin
ated. I t  brightened in color to orange yellow' and dissolved 
in sodium sulfite to a wine-red solution which changed to a 
brown color on heating. The methoxyl content of this 
substance was found to  be 20.3 per cent.

Apparently the dissolved lignin polymerized to  a less 
soluble form when left in contact w ith the dilute sulfuric 
acid for several days. Campbell and Bamford (1) postulated 
such a reaction involving carbohydrate substances when they 
recommended the short successive treatm ents to  which ref
erence has already been made (Table I, I). I t  is conceivable 
th a t the phenomena are identical and th a t the substance 
which Campbell and Bamford found to  be redeposited was 
really lignin. Although their method, when used in this 
study, did not decrease the lignin yield as much as did the 
other acid treatm ents, the filtrate gave a definite color reac
tion for lignin. Probably continued treatm ent by their 
m ethod would eventually have decreased the lignin yield to 
about 17.7 per cent.

The results obtained with dilute acid naturally directed 
attention  to the possibility of similar effects resulting from 
milder forms of hydrolysis, such as extractions with hot 
water which had been used in preparing the wood. The 
lignin content had been appreciably decreased by the pro
longed extraction (Table I, C) and the effluent from the 
extractor gave a slight color reaction for lignin with chlorine 
and sodium sulfite. This reaction, although slight as com
pared with th a t obtained with the acid filtrates, was very 
significant because about 40 liters were used in the course of 
the extraction and, as the effluent was run to  waste rather 
than  concentrated, the lignin concentration was consequently 
small. Digestion with water a t 98° C. for shorter periods 
such as 3 hours also resulted in some dissolution of lignin 
(Table I, B) because the filtrate from this treatm ent gave a 
very definite color reaction for lignin.

The action of boiling dilute sulfuric acid on wood is com
parable with th a t of m ethanol-hydrochloric acid when it is 
used in the extraction of soluble lignin. In  both instances, 
there is an acidic condition which enhances hydrolysis of 
some carbohydrate substances. These are apparently as
sociated chemically with the soluble lignin and their removal 
sets i t  free to  dissolve in water on one hand, or in methanol

on the other. In fact, the difference between the lignin 
yields (1) from wood which has been subjected only to 
alcohol-benzene, alcohol, and cold w ater (Table I, A), and
(2) from wood which, in addition, has been treated with hot 
water and dilute sulfuric acid (Table I, D), is approximately 
6 per cent—th a t is, of the same order as the yield of soluble 
lignin by the methanol-hydrochloric acid process (S).

The influence of mild hydrolysis in releasing soluble lignin 
to a solvent was demonstrated by one of the authors (2) 
when describing the effects of alkaline extraction on the 
lignin yield. Sodium hydroxide (0.5 per cent) was found to 
have a much greater solvent action on lignin if the wood was 
first subjected to an extended extraction, amounting to  mild 
hydrolysis, with hot water.

The polymerization of the dissolved lignin to a less soluble 
aggregate under the influence of cold dilute sulfuric acid may 
be regarded as a milder form of the action of the 72 per cent 
sulfuric acid employed in the lignin determination. I t  is sig
nificant th a t the filtrate from a lignin determination does not 
give any form of color reaction with chlorine and sodium 
sulfite.

Although this investigation was limited to maple wood, 
similar results, indicating tha t in addition to  maple some 
spruce lignin was dissolved by dilute sulfuric acid, have 
been recorded in an unpublished report of the U. S. Forest 
Products Laboratory by R. L. Mitchell.

I t  is concluded th a t any form of pretreatm ent involving 
hydrolysis •will cause significant errors in lignin determina
tions and m ay even result in the complete loss of th a t portion 
of lignin which is known as soluble lignin. I t  is believed 
th a t all forms of pretreatm ent using hot dilute acids are not 
only unnecessary for the purpose of removing carbohydrate 
material, bu t th a t they should be avoided, and tha t, if water 
m ust be used to  remove interfering extraneous m atter, cold 
extraction should preferably be employed.

L itera tu re  C ited
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(1936).
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(3) Harris, E. E., J . Am . Chem. Soc., 58, 894 (1936).
(4) Norman, A. G., and Jenkins, S. H., Nalure, 131, 729 (1933).
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Determ ination o f the Common and Rare 
Alkalies

N ote on  W ells  and  S teven s’ M ethod

JO H N  C. IH L L Y E R , C a r lc to n  C o lleg e , N o r th f ic ld ,  M in n .

R ECEN TLY  Wells and Stevens (1) published a detailed 
modification of the analytical procedure for the alkali 

group to  include accurate determination of lithium, cesium, 
and rubidium. In analyses on samples of pollucite contain
ing over 30 per cent of cesium oxide it  became obvious th a t 
the method of Wells and Stevens was not directly applicable 
in such a case. The purpose of this note is to draw attention 
to certain facts which they did not sufficiently emphasize, 
and to suggest a modification of their procedure for cases in 
which a large percentage of cesium or rubidium is present.

The basis of their separation of these elements from potas
sium is the extraction of the alkali chlorides with a  mixture of 
alcohol and hydrogen chloride in which the solubility of po
tassium chloride is reduced as far as possible. Their Table 
I is here reproduced with the addition of values for the ratio of 
solubility of cesium chloride to potassium chloride.

T a b l e  I. S o l u b il it y  o f  A l k a l i  C h l o r id e s  a t  25° C .

Solvent

1. 10 ml. of w ater
2. 10 ml. of concentrated HCl

(1 part) and alcohol (2 
parts)

3. 0.4 ml. of water and  10 ml.
of alcohol, both sa tu 
ra te d  with HCl

KC1
Grams
3.08

0.0031

0.0006

Solubility—
RbCl C3 CI

R atio  of 
CsCl to 

KC1
Grams Or ama
7 . 2 8 1 2 . 7 4 . 1

0 . 0 2 1 0 . 3 1 1 0 0 . 0

0 . 0 0 2 7 0 . 0 2 4 4 0 . 0

I t  is obvious th a t solvent 2 is the most efficient for separat
ing the two chlorides. However, since it would not be conven
ient to reduce the volume much below 10 ml., the fact tha t 
solvent 3 dissolves the smallest mass of potassium chloride 
per 10-ml. portion is adequate reason for its adoption in their 
method. I ts  solvent action for cesium chloride is adequate 
for any sample ordinarily encountered.

In the case encountered by the author, however, a 1-gram 
sample yielded over 300 mg. of chlorides of the alkali group, 
substantially all cesium chloride. Using an aliquot containing 
100 mg. of alkali chlorides, a t least four and probably six ex
tractions would be necessary with solvent 3. These would 
remove more potassium chloride than the one extraction re
quired with 2, and for the to tal am ount of chlorides the 
am ount extracted by 3 would far exceed th a t by 2, and the 
volume of solvent would become inconveniently great. In 
general, any sample containing enough cesium or rubidium to 
require four or more extractions with solvent 3 is better ex
tracted by solvent 2.

In  case a  sample has a high percentage of cesium or rubid
ium, two courses are open. One is to  take a small aliquot 
and proceed according to the method of Wells and Stevens; 
when a fair percentage of potassium is also present this is the 
best and simplest procedure. However, when the percentage 
of potassium is known to be low, the use of an aliquot satis
factory for cesium chloride reduces the mass of potassium 
chloride present in the aliquot to such a small value th a t no 
degree of accuracy could be claimed for the determination. 
In  such cases, the other course is to use solvent 2, followed by 
the same procedure.

Where the potassium content is previously known to be 
very low, a third and simpler procedure is suggested by the 
work of Wells and Stevens: The extraction of cesium chloride

from the mixed chlorides m ay be om itted and these potas
sium group chlorides treated as “cesium chloride,”  contain
ing a trace of potassium extracted with it. The ammonium 
sulfate separation m ay then be carried out as directed by. 
them. Experiments with synthetic mixtures of cesium and 
potassium chlorides containing up to 5 per cent of potassium 
chloride gave satisfactory results with this separation. The 
chloroplatinate separation given by these authors should also 
be applicable a t this point, if the am ount of potassium chlo
ride can be assumed to be less than 2 mg.

Bearing these facts in mind, a judicious choice of reagents 
and the use of aliquots should make Wells and Stevens’ ex
cellent method applicable to any combination of alkalies en
countered in practice, with good precision for each.

L itera tu re  C ited
(1) Wells, R. C., and Stevens, R. E ., In d .  E.n-o . C jie ii., Anal. E d., 

6, 439  (1934).

R e c e i v e d  Jan u ary  2 8 ,  1 9 3 7 .

T he A nalysis o f  P o llu cite
R O G E R  C . W E L L S  a n d  R O L L IN  E . S T E V E N S  

U . S . G e o lo g ic a l S u rv e y , W a s h in g to n ,  D . C .

H ILLY ER  (1) has discussed the method of determining 
rare alkalies devised by the present writers (2), showing 

th a t it m ust be revised when analyzing materials of high rare- 
alkali content. His notes are an interesting and needed addi
tion to the method, which was devised for the m ajority of 
samples encountered in mineral analyses, in which rare alka
lies are absent or present only up to  moderate quantities. 
Obviously the procedure should be different for large percent
ages of the rare alkalies.

In the analysis of pollucite from Tin M ountain, S. Dak., the 
method was also changed by the authors because of the high 
content of cesium. The results for the complete analysis are 
given in Table I.

T a b l e  I.

SiO.
AljOi
FciOi
FeO
MgO
CaO
I.iîO
NaiO

A n a l y s is  o f  P o l l u c it e  f r o m  T i n  M o u n t a in , 
S . D a k .

45.60
16.64
0 .22
0 .10
0.2U
0.36
0 .22
2.12

KsO 
Rt*0 
CsiO 
HiO +  
H*0 — 
TiOî

0 .13
None

31.80
2.17
0.42

None
100.13

The separated chloroplatinates of potassium, rubidium, and 
cesium obtained from 0.5000 gram of the mineral were subjected 
to several fractional crystallizations. The chloroplatinates of 
potassium and rubidium were thus obtained in solution because 
of their greater solubility and scarcity, while the bulk of the ce
sium remained as undissolved chloroplatinate. From the ex
tracted chloroplatinates platinum was removed with formic acid 
and the resulting chlorides were treated with the alcoholic am
monium sulfate reagent to separate potassium and rubidium 
from the remaining cesium. The precipitated sulfate was ig
nited and its weight found to be 0.0011 gram. Careful spectro
scopic examination showed the absence of rubidium both in the 
potassium fraction precipitated by alcoholic ammonium sulfate 
and in the soluble cesium fraction. From the weight of potas
sium sulfate obtained, K20  was calculated to be 0.12 per cent.
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The percentage of Cs20  was found from the weight of mixed 
chloroplatinates, after correcting for KjPtCl«, to be 31.80.

An alternate method based only on fractionation of the chloro
platinates gave a result in close agreement. The chloroplatinates 
were fractionally precipitated in water, and the soluble part was 
evaporated and extracted with 15 per cent alcohol to separate the 
KsPtCls. This method gave 0.14 per cent K20  and the average 
of the two results is 0.13 per cent I i20.

Pollucite is unusual, as it is the only mineral compound of 
cesium found in nature. Cesium m ay replace potassium in 
minerals, bu t its content seldom exceeds a few per cent and 
usually it  is absent. No mineral has been found in which ru

bidium is an essential constituent. Rubidium may proxy 
potassium in some minerals and in these it  seldom exceeds 2 
per cent. Few minerals contain rare alkalies, and their ab
sence is quickly and definitely shown by the method as origi
nally described.

L itera tu re  C ited
(1) Hillyer, J . C., I n d .  E n g .  Chem ., Anal. E d .,  9, 236 (1937).
(2) Wells, R. C., and Stevens, R. E ., Ibid., 6, 439 (1934).
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Borax as an Acidim etric Standard. II
F R A N K  I I .  IIU U L E Y , JR .,  T h e  R ico  I n s t i t u t e ,  H o u s to n ,  T ex as

A  RA PID  m ethod for purifying and drying borax by means 
of alcohol and ether for use as a standard substance has 

been described (£), and preliminary experiments bearing on 
its stability have been reported. The present paper describes 
further experiments on the stability and also some tests of the 
accuracy, precision, speed, and convenience of borax in com
parison with sodium carbonate as an acidimetric standard 
for routine technical and student use.

S ta b ility  o f  Borax
The principal problem which arises in the use of borax, 

N a2B407-10H 20 , as a standard relates to the fact th a t i t  is 
hydrated, and thus is susceptible to changes in composition 
due to variation in its water content. I t  has long been 
known th a t borax loses some of its water of hydration on 
standing in air a t ordinary temperatures. This loss proceeds 
very slowly a t first and increases gradually, requiring about 
30 days to  am ount to a total loss of 0.1 per cent (2).

In  order to prevent this slow decomposition, Menzel (S) 
proposed th a t borax be kept in a desiccator over a  solution 
saturated with respect to sucrose and sodium chloride. The 
vapor pressure of this solution is such th a t borax will remain 
in the decahydrated sta te over a wide range of temperature. 
Menzel found th a t a sample of borax kept over this solution 
lost only 0.02 per cent in weight in 12 months. An experi
m ent in verification of Menzel’s findings was performed by 
placing a 3.5-gram sample of borax, dried w ith alcohol and 
ether, in a desiccator over the sugar-salt solution and weighing 
it from time to time over a long period. After 55 days in the 
desiccator the sample showed a  loss of 0.026 per cent in weight, 
but no further change occurred during a subsequent period of 
15 months. I t  thus appears th a t borax m ay be kept indefi
nitely over saturated sugar-salt solution w ithout undergoing 
decomposition.

Because borax decomposes so very slowly in air, it seemed 
likely th a t i t  could be stored simply in tightly stoppered 
bottles for a very long time before sufficient decomposition 
occurred to have an appreciable effect in ordinary acid stand
ardizations, where an accuracy beyond 0.1 per cent is seldom 
sought. To test this possibility about 13 grams of recrystal- 
lized borax, dried by the alcohol-ether method, were placed in 
two weighing bottles having tight-fitting ground-glass stop
pers. Samples of this m aterial weighing about 0.5 gram were 
titra ted  with 0.1 N  hydrochloric acid a t intervals during a 
12-month period. All bu t one of these titrations were run 
in duplicate, and in all, 23 titrations representing 12 intervals 
of time were made. The mean value for the ratio of the 
weight of borax to  the volume of acid for all 23 runs was 
1.928 X 10-2 gram per milliliter, and the average deviation of 
a  single run was ±0.0010 X 10~2 (0.05 per cent). Thelargest

deviation was 0.2 per cent, obtained only once, the remainder 
being 0.1 per cent or less. The measurements were made 
with weights and volumetric instruments calibrated to  give 
an accuracy of 0.1 per cent.

If the borax sample had lost some of its water, the calcu
lated ratio would, of course, decrease with time. No trend 
of this sort could be discovered, nor could any relating to the 
temperature, which varied from 25° to  33° C.

From these results it appears th a t borax crystallized and 
dried in the manner referred to is extraordinarily stable, and 
th a t for ordinary analytical purposes where an accuracy 
greater then 0.1 per cent is not required, it is sufficient to 
keep the m aterial in a tightly stoppered container.

An experiment testing the stability of 0.1 N  borax solutions 
was also performed. Such a solution was prepared from 
pure borax and stored in a soft glass bottle. Portions were ti
trated  with 0.1 N  hydrochloric acid every 2 weeks for 4 m onths 
and once a month for 3 months longer. During the first 4 
months the apparent concentration of borax increased very 
slowly to a  value 0.1 per cent greater than its original value, 
and in the last 3 months increased more rapidly to a value 0.7 
per cent greater. A num ber of other observations on the 
stability of 0.1 N  borax solutions which were not so system ati
cally analyzed are in general agreement with this experiment.

C om parison  o f  Borax and S o d iu m  C arbonate
A number of criteria for the selection of analytical stand

ards for routine technical use are given by Dodge (1). Al
though no substance appears to  fulfill all these requirements, 
it is somewhat surprising th a t of all the acidimetric standards 
proposed, anhydrous sodium carbonate, which fails to meet 
several, should be the m ost popular, while borax, which seems 
to fulfill all b u t one, is little used. The principal objection 
to sodium carbonate is th a t i t  is very difficult to weigh accu
rately because i t  is hygroscopic. In  addition, i t  has a  rather 
low equivalent weight (53.00), and the end point of the ti
tration with acid is somewhat indistinct when methyl orange, 
the usual indicator, is employed.

Borax, on the other hand, has a number of advantages 
which make its use desirable: I t  has a high equivalent weight, 
190.72; it is inexpensive and easily available; i t  is easily and 
economically purified by recrystallization; heating to con
stan t weight is not required; no loss or gain of water occurs 
during weighing; the end point of the titra tion  with acid is 
sharp and easily detected with methyl red; the titration  
error m ay be eliminated by the use of a  simple color standard.

As Dodge has pointed out, the only objection to  borax is 
th a t it is hydrated, bu t in view of the ease of the recrystalli
zation and drying with alcohol and ether, and also the unusual 
stability of the purified material, this objection is largely
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overcome, and borax would seem to be superior to sodium 
carbonate in almost every way.

A direct test of the merits of these two standards was 
carried out by a class of students in quantitative analysis who 
were to perform as their first analytical experiment the prepa
ration and standardization of 0.1 N  hydrochloric acid, 
followed by analyses of carbonate solutions as unknowns.

The students prepared pure sodium carbonate by the method 
of Reinitzer {/t)} and pure borax as previously described (2). 
The carbonate was dried in the usual way by heating to constant 
weight at 270° to 300° C. The borax was dried in two ways, one 
group of students using alcohol and ether and another the satu
rated sugar-salt solution of Menzel. While this latter method of 
drying is hardly to be recommended for ordinary use because of 
the time factor, it was introduced into the experiment to provide 
an independent check on the borax.

The standardization of the acid against borax was performed 
by the titration of 0.5-gram samples. Methyl red indicator was 
used, and the end point was matched with a boric acid-sodium 
chloride color standard (2). To standardize the acid against 
the sodium carbonate, a standard 0.1 iV solution was prepared 
and samples were titrated with the acid, using methyl orange. 
The weights and volumetric instruments used in preparing the 
solutions and in the titrations were calibrated by the students to 
give an accuracy of 0.1 per cent.

Since each student had prepared his own hydrochloric acid by 
dilution of reagent acid, no direct comparison of the two stand
ardizations was possible. Such a comparison was, however, 
obtainable by means of a carbonate solution which was analyzed 
by the students with their acid. This analysis was performed 
exactly like the carbonate standardization. Each student had 
two values for the normality of his acid, one from borax and one 
from sodium carbonate; hence two values for the unknown could 
be calculated. A comparison of the two values thus obtained 
affords a means of comparing the merits of the two standards.
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•  •  •  •  •
• • • • • •

•  • • • • • •
•  • • • • • • #
11 1.1 1 1 I I 1 i « I 1 I I
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F ig u r e  1. N o r m a l it y  o f  C a r b o n a t e  S o l u t io n

The results obtained are shown graphically in Figures 1 
and 2. One carbonate value (0.0997 N) does not appear. 
A summary of the results is given in Table I.

T a b l e  I. N o r m a l it y  o f  C a r b o n a t e  S o l u t io n

Boraxa.fr
Na;CO,
Borax'4
Borax&

No. of 
Analyses

35
32
16
19

M ean
N orm ality

0.1023
0.1022
0.1024
0.1023

Average
D eviation

0.00022
0.00045
0.00024
0.00021

The good concordance of the mean values for the normality 
of the carbonate shows again the suitability of borax as an 
acidimetric standard and gives added confirmation to  the 
validity of the alcohol-ether m ethod of drying. The average 
deviation gives a measure of the variability in the preparation 
and use of the two standards. Since the average deviation 
for the sodium carbonate values is twice th a t for borax, 
even with the most aberrant result excluded, it m ay be con
cluded th a t borax, when properly purified and dried, gives 
more reproducible results than sodium carbonate in the hands 
of students. Such a conclusion is also supported by other 
student results not reported.

0
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F ig u r e  2 . N o r m a l it y  o f  C a r b o n a t e  S o l u t io n

W ith regard to the speed of the two methods of standardi
zation, i t  would seem a t first thought th a t borax, because it 
requires recrystallization, is less rapid than sodium carbonate. 
Actually this is not the case. In  the experiment described, 
the recrystallization and treatm ent with alcohol and ether 
required a t most 1.5 hours’ work, while the heating of the 
carbonate to constant weight, the most time-consuming 
operation in the entire experiment, required a t least twice 
this length of time.

A ck n ow led gm en  t
The writer wishes to thank A rthur F. Scott for his interest 

and cooperation in this work.

S u m m a ry
In  accordance with the findings of Menzel, borax may be 

kept indefinitely over a saturated sugar-salt solution without 
any change in composition.

Dry, recrystallized borax m ay be stored in tightly  stoppered 
bottles for as long as a year w ithout undergoing any change in 
composition greater than  0.1 per cent.

Borax is superior to sodium carbonate as an acidimetric 
standard for general use, since it is equally accurate, more 
precise, faster, and more convenient.
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The Calibration o f Weights
F R A N K  H .'H U R L E Y , J r .

T h e  R ice  I n s t i t u t e ,  H o u s to n ,  T ex as

T H E calibration of a set of weights is usually performed 
by the well-known method of Richards (8). The es

sential feature of this m ethod is the device used for obtain
ing the corrections for the individual weights w ithout the 
use of simultaneous equations such as are required in older 
calibration methods (5). In  his original description of the 
procedure Richards stated  th a t this method of obtaining 
the corrections was based on an approximation regarding the 
properties of small numbers in the presence of large ones, 
and in many of the subsequent expositions of the method 
which appear in textbooks and in the literature the pro
cedure is explained on this basis (4). However, in recent 
years Eaton (1) has shown th a t in reality no approximation 
is involved, and therefore the weight corrections obtained 
by Richards’ method are identical with those calculated 
by substitution in systems of algebraic equations relating 
the various weights.

In  the present paper, a complete and rigorous analysis of 
R ichards’ m ethod is made in a way which serves to  clarify 
a number of points regarding the theory of the process, 
especially the approximation on which the method was for 
so long a tim e thought to  rest. In addition, a careful 
study of the observational errors in weight calibration is 
presented, and the way in which they affect the weight cor
rections is analyzed.

T h e S en sitiv ity

In  building up the “preliminary values” of the weights by 
progressive intercomparison, the small differences in mass 
between the various weights and combinations are usually 
measured by the rest-point displacement and translated 
into term s of the rider by means of the sensitivity. For this 
reason a determ ination of the sensitivity of the balance at 
various loads m ust precede the calibration or be made while 
the calibration is in progress.

We m ay define the sensitivity, s, as the displacement 
in rest-point caused by the effective mass of the rider a t 
its  1.0-mg. position on the beam. The exact value of this 
mass in grams is not known (though i t  is in the neighborhood 
of 1.0 mg.), and to avoid making any assum ption regarding 
its value, we m ay call i t  B. If we assume th a t for small 
deflections the rest-point displacement is proportional to 
the added load, we may calculate the masses corresponding

to small displacements by means of the sensitivity. Thus 
the mass x, corresponding to a rest-point displacement d, is

The extent to which this assumption is valid depends on the 
construction of the balance.

Observed M asses o f  lh e  W eigh ts

The calibration proper consists in the experimental de
term ination of the masses of the various weights in term s of 
the mass of the smallest weight and the effective mass of the 
rider a t the 1.0-mg. position, B. In R ichards’ terminology 
these masses were called “preliminary values,” but this 
tenn  is here discarded in favor of “observed masses."

Let us assume that the smallest weight in a set being calibrated 
is 0.01 gram, the rider also being 0.01 gram. Choosing the first 
0.01-gram weight as the standard of comparison, let its mass be
A. On comparison of the rider at its 10-mg. position, R, with 
the standard, let the observed weight difference correspond to 
a rest-point displacement of dr. Then the observed mass of the
rider a t its 10-mg. position is A + -~B. Similarly, the observed

mass of the 0.01' when compared with the standard is A  +  ' ^ - B .s
The mass of the 0.02-gram weight, compared with the standard 
and the 0.01', is 2 A +  The observed masses of
the other weights are similarly obtained.

In Table I  the calibration data for a set of weights are 
tabulated. These data  are taken from E aton’s paper, the 
only change being th a t the weight designated as 0.01"' by 
him is here called the rider a t its 10-mg. position, R.

I t  is clear from Table I th a t the observed masses of the 
weights are given in term s of two standard masses, A  and
B, between which no relationship has been determined ex
perimentally. In  order to evaluate the masses of the weights 
in grams, the values of both A  and B  in grams m ust 
be found. I t  is obvious th a t these can be calculated only 
if the masses of two of the weights in the se t are known in 
grams. This is also true of any other system of mass units. 
This calculation could be made by setting the expressions 
for the observed masses of the two known weights equal to 
their values in grams. This would give two equations

T a b l e  I .  C a l ib r a t io n ’ D a t a

W eights 
Used for

W eight
Difference

W eight Comparison d / s B Observed Mass

0.01 A
0 .06  B0 .0 1 ' 0.01 - ô ! ô è  b A —

R 0.01 - 0 .0 9  B A — 0.09 B
0 .02 0 .01  +  0 .0 1 ' - 0 .0 4  B 2 A — 0.10  B
0 .05 2 (0 .05)° - 0 . 1 3  B 5 A — 0 .3 8  B
0 .1 2 (0 .1) - 0 .1 3  B 10 A — 0.76  B
o . i ' 0 .1 + 0 .0 6  B 10 A — 0 .7 0  B
0 .2 0 .1  +  0 .1 ' + 0 .0 2  B 20 A — 1.44 B
0 .5 2 (0 .5) + 0 .0 5  B 50 A — 3 .4 8  B
1 .0 2 (1-0) - 0 . 0 8  B 100 A — 7.09  B
1 .0 ' 1 .0 + 0 .1 3  B 100 A 6 .96  B
1 .0" 1 .0 + 0 .0 3  B 100 A — 7 .06  B
2 .0 1 .0  +  1 .0 ' + 0 .0 2  B 200 A — 14.03 B
5 .0 2  (5 .0) +  0 .04  B 500 A — 35.10 B

10 2 (10) - 0 .1 4  B 1,000 A — 70.38  B
10' 10 + 0 .3 0  B 1,000 A — 70.08 B
20 10 +  10' +  0 .43  B 2,000 A — 140.03 B
50 2  (50) + 0 .2 4  B 5,000 A — 350.49 B

100 2 (100) - 0 .6 7  B 10,000 A — 701.89 B

T he meaning of this no ta tion  is 2  (0 .05) ■» 0 .01  +  0 .0 1 ' +  R  +  0 .02 .

A 
A  
A  

2 A 
5 A 

10 A 
10 A 
20 A 
50 A 

100 A  
100 A  
100 A 
200 A  
500 A

1.000 A
1.000 A
2.000 A
5.000 A

10.000 A

Face Value
■ 0 . 0 7 -B 

0 .07  B  
0 .07  B

• 0 .14  B  
0 .35  B

• 0 .70  B
0 .70  B  
1 .40 B  
3 .51  B  ■
7 .02  B  •
7 .02  B ■
7 .02  B  

14.04 B  
35 .09  B
70 .19  B
70.19 B  

140.38 B  
350.95 B

■ 701.89 B

0.00001 g. 
0.00002 g. 
0.00002 g.

• 0.00002 g.
0.00003 g.

• 0 .00008 g.
■ 0.00016 g.
• 0 .00016 g.
■ 0.00032 g.
■ 0.00079 g. 
- 0 .00158 g.

W eight C orrection
4*0.07 + 0.01 
- 0.02  
+ 0 .0 4  
- 0 .0 3  
- 0 .0 6  

0.00 
- 0 .0 4  
+ 0 .0 3  
- 0 .0 7  
+  0 .06  
- 0 .0 4  +0.01 
- 0 .0 1  
- 0 .1 9  + 0.11 
+ 0 .3 5  
+  0.46

B
B
B
B
B
B
B
B
B  +  0, 
B  +  0 
B  +  0 
B  +  0 
2? +  0 
5 + 0  
B +  0 
B  +  0 
B  +  0 
B  +  0 

+ 0

00001 g. 
.00002 g. 
.00002 g. 
.00002 g.
.00003 g.
.00008 g. 
.00016 g. 
.00016 g.
. 00032 g. 
. 00079 g. 
.00158 g.
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T a b l e II. C a l ib r a t io n  D
W eights W eight
Used for Difference,

W eight Comparison d / a B Observed Mass
1 .0 100 A  -  7 .09  B  -  C
1 .0 ' 1 .0 + 0 . i 3  B C +  0 .13  B
1 .0 ' 1 .0 +  0 .03  B C +  0 .03  B
2 .0 1 .0  +  1 .0 ' +  0 .02  B 2 C +  0 .15  B
5 .0 2  (5.0) + 0 .0 4  B b C  +  0 .35  B

10 S (10) - 0 . 1 4  B 10 C +  0 .52  B
10 10 C +  0 .52  B  -  D
10' 10 + 0 .3 0  B D +  0 .30  B

S (10) 10 + 0 .1 4  B D  +  0 .14  B
20 10 +  10' +  0.43 B 2 D  +  0 .73  B
50 2  (50) +  0 .24  B 5 D  +  1.41 B

100 S (100) - 0 .6 7  B 10 D  +  1.91 B

Face Value 
C +  0 .0 7  B  -  0.00002 g. 
C +  0 .07  B  -  0.00002 g. 
C +  0 .07  B  -  0 .00002 g. 

2 C +  0 .14  B  -  0.00003 g. 
5 C +  0 .3 6  B  -  0 .00008 g. 

10 C +  0 .71  B  -  0.00016 g. 
D +  0 .19  23 -  0.00016 g. 
D +  0 .19  B  -  0.00016 g.

2 D  +  0 .3 8  B  -  6!66032 g. 
5 D +  0 .96  B  -  0 .00079 g. 

10 D  +  1.91 B  -  0 .00158 g.

W eight 
- 0 .0 7  B  
+ 0 .0 6  B  
- 0 .0 4  B  
+ 0 .0 1  B  
- 0 .0 1  B  
- 0 . 1 9  B  
- 0 .1 9  B  
+ 0 .1 1  B

C orrection
+  0.00002 g. 
+  0.00002 g. 
+  0.00002 g.
+  0.00003 g.
+  0.00008 g. 
+  0.00016 g. 
+  0.00016 g. 
+  0.00016 g.

+  0 .35  B  +  0.00032 g. 
+ 0 .4 5  B  +  0.00079 g.

+  0.00158 g.

which could be solved simultaneously for A  and B. Sub
stitu tion  of these values for A  and B  in the expressions for 
the observed masses would give the values in grams for all 
the weights in the set. The calculation of A  and B  in this 
way is, however, so inaccurate th a t this m ethod of obtaining 
gram values for the weights is rendered useless. A further ob
jection will appear in the consideration of observational 
errors.

Richards’ method of calculation differs considerably from 
th a t described above in th a t the weight corrections, rather 
than the observed masses, are evaluated in grams. In  order 
to begin this calculation we m ust know the mass of one of 
the weights in grams. For the sake of accuracy the known 
weight should be the largest in the set. In  the example 
chosen, the mass of the 100-gram weight is known to be 
100.00158 gram. Therefore, from the observed mass of this 
weight we may write

10,000 A -  701.89 B  =  100.00158 grams

from which we have
10,000 A -  701.89 B -  0.00158 gram =  100.00000 grams

Since 100.00000 grams is the nominal or face value of this 
weight, the left-hand member of this equation gives an ex
pression in A  and B  which is equal to  this nominal or face 
value. Dividing this equation by 2, by 5, etc.—i. e., taking 
the proper aliquot parts of the expression—will then give 
expressions in A  and B  which are equal to  the face values of 
the other weights in the se t (column 5 of Table I). In  
Richards’ terminology they are called the “ideal values.”

Now the correction for any weight is equal to  the amount 
th a t m ust be added to  its face value to  give its actual or ob
served mass; in other words, its correction equals its ob
served mass minus its face value. Therefore the corrections 
for the weights are given by subtracting the quantities in 
column 5 from those in column 4. The resulting corrections 
are given in column 6.

In  the expressions for the corrections, the terms in A have 
vanished, leaving only term s in B  and in grams, the la tte r 
becoming too small to  be added in the small weights. If 
relative rather than absolute weight corrections are used, 
the term s in grams do not appear a t all. The A  terms may, 
of course, be completely om itted from the table in the inter
ests of brevity, once a thorough understanding of the process 
has been gained.

In  order to evaluate the corrections in grams it is necessary 
to  know the value of B  in grams, bu t an inspection of the 
multipliers of B  in the corrections reveals th a t i t  need be 
known only to  three significant figures. The evaluation 
of B  requires either th a t the mass of one of the weights other 
than the 100-gram be known in grams, or th a t it be assumed 
th a t the beam is marked correctly to  within about 1 per 
cent. (If the rider is actually used on the beam to determine 
the weight differences, it is necessary to  make this assump
tion a t the outset in order to calculate the observed masses 
of the weights.)

If the first condition is fulfilled, it is easy to see how B  may 
be calculated from the expression for the correction. In  the 
in terest of accuracy, the known weight should be the one 
whose weight correction has the largest term  in B. If, on 
the other hand, the second condition is assumed to  hold, 
the value of B  is calculated from the weight of the rider a t 
its  end position on the beam. This m ay be obtained from 
the correction for R  given in the last column of Table I. 
From this correction

R — 0.010000000 gram — 0.02 B 
We assume 10 B  = R, and substitute in the above expression 

10 B  = 0.010000000 gram -  0.02 B
from which

10.02 B =  0.010000000 gram
and

B - 0.000998 gram 
Or, rounding off to three significant figures,

B =  0.00100 gram
Substitution of this value for B  in the corrections gives 

the values of the corrections in grams. While the value 
obtained for B  in the example was 1.00 mg., this depends 
directly on the correction for R. Thus a correction of 
+ 0 .10  B  (about 0.1 mg.) for the rider would increase the 
value of B  by 1 per cent.

If the weight corrections are desired only to  the nearest
0.1 mg., the evaluation of B  need hardly be carried out, since 
a rider w ith a correction large enough to  affect the calcula
tions (0.5 mg. or more) is unlikely to  be used a t all.

The assumption made regarding the beam divisions really 
am ounts to  assuming a value in grams for one of the weights 
other than  the 100-gram—namely, the weight B, its value 
being assumed as 0.100 R  gram. This is the second approxi
m ation which has been made in the calibration, the first 
being th a t the deflections of the pointer are proportional 
to  the added load. I t  is apparent, however, th a t the second 
approximation need not be made a t all if the masses of two 
of the weights in the set are known in grams. (The assump
tions of proportionality of deflections to added load and R  =  
10 B  can be checked directly, after the calibration has given 
a set of values for the weights.)

A device for keeping small the numerical coefficients of 
B  in the observed masses, and thus making the calculations 
less subject to  errors in arithm etic, is to  divide the table into 
three parts: (1) the fractional weights, including the first 
1.0-gram weight, (2) the weights from 1 to 10 grams, (3) the 
weights from 10 to  100 grams. The first division is identical 
w ith the first p art of Table I, and the way in which the other 
two divisions are made is illustrated in Table II. This ar
rangement of the com putations is highly recommended as 
a timesaver.

A ssig n m en t o f  V alu es to  A  an d  B
In  the preceding analysis, no preliminary scale of mass 

units was used, and no numerical values were assigned to 
the two standard masses, .4 and B, a t the outset. In  this 
way a clear picture of the process was obtained.
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In  E aton ’s treatm ent of the calibration procedure, he 
assigned to A , the mass of the smallest weight, the value 
zero, and, by implication, gave B  the value 0.00100000 gram. 
In  this way he obtained “preliminary values” (observed 
masses) which involved only the observed weight differences. 
While the assignment of the value zero to A  in no way affects 
the weight corrections obtained, it m ust be objected to on 
the grounds of logic, since the mass of any weight can hardly 
be called zero in any system  of units. T h a t it is possible to 
give A  the value zero (or any other value) w ithout affecting 
the weight corrections is only due to  the fact th a t A  disap
pears by subtraction in the calculation of the corrections, 
a point not clearly s h o w  by Eaton. The assignment of 
the value 0.00100000 gram to B, which is implied when 
Eaton writes the preliminary value of the 100-gram weight 
as 0.70189 gram, m ust also be objected to because it  is un
true. However, in spite of the m anifest error made in 
assigning B  this value, the weight corrections calculated from 
these preliminary values would not be significantly in error 
unless the true mass of B  differed by about 1 per cent from 
th a t assigned. An inspection of the coefficients of B  in the 
correction term s of Table I  reveals why this is so.

In  the ordinary Richards procedure, A  is assigned a value 
of exactly 0.01 unit of mass, and B, by implication, is assigned 
the value of exactly 0.001 “unit.” Thus the preliminary 
value of the 100-gram weight would be w ritten

100.00000 -  0.70189 =  99.29811

The units of this preliminary value are supposed to be 
100 X the mass of the 0.01-gram weight. This, however, 
is an erroneous idea, for the figure 99.29811 is not a homo
geneous number, being actually composed of two parts— 
namely, 10,000 A  and —701.89 B —which cannot be added 
unless the relationship between A  and B  is known. To add 
them  in the way indicated is to  impty th a t B = 0.100000 A  
unit, an assumption not justified by the facts. Again, 
however, the assignment of these values to  A  and B  has 
little effect on the weight corrections which are calculated 
from the nonhomogeneous preliminary values. A , of course, 
is completely w ithout effect, since it subtracts out, and the 
assignment of the value 0.00100000 “un it” to  B  has no signifi
can t effect in the example chosen unless the real value of 
B  lies outside the region 0.00100 =*= 0.00001 gram.

The real objection to  the assignment of values to A  and B  
in the calculation of the observed masses is th a t it may lead 
to  incorrect ideas regarding the theory of the calibration 
process. This is especially true of the ordinary procedure, 
which, because its preliminary values appear to be homogene
ous when they are not, has led to the mistaken idea th a t 
an approximation is involved in the calculation of the cor
r e c t i o n s .  The source of this
mistake m ay be seen if the ob- = = = = = = =
served masses of Table I  are 
t r a n s l a t e d  into “preliminary 
values” in the supposed “units” 
by the ordinary Richards pro
c e d u r e .  Having obtained pre
liminary values in this way, the 
u n i t s  a r e  next translated into 
grams by m e a n s  of  a k n o w n  
weight. For the 100-gram weight,

99.29811 “units” =  100.00158 grams

Or, 1 “unit” = 100.00158
99.29811 grams

By multiplying the preliminary 
value of each weight by this

W eight
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3 +

i  + 2j  + 
4; 4- 
4; +  
8j  + 

20/  +  
40; 4-

factor, it appears th a t its value is converted into grams. 
This is, to be sure, an entirely factitious conversion because 
of the nonhomogeneity of the factor. I t  was pointed out 
by Richards th a t the conversion of each preliminary value 
from units to  grams by the use of this conversion factor 
would involve a large am ount of calculation and necessitate 
the use of seven-place logarithms. To avoid this he sug
gested an “approximation” which may be illustrated with
the 50-gram weight, the preliminary value of which is 
49.64951 units. Although Richards did not clearly sta te 
his method of reasoning, i t  m ust have been along these 
lines:

AT f  til • nr Anc-tn-i vx 100.00158Mass of 50 in grams = Also =  49.649ol X qq 29811 gram3

Dividing the numerator and denominator of the “factor” by 2,
50.00079Mso =  49.64951 X 49.64906

This calculation is performed by the use of an approximation 
theorem which is that, when a and b are small relative to JV,

" ( J r D  =  "  + “ “ ‘
In the numerical expression

JV =  49.64951, the “preliminary value” 
a = 50.00079 -  JV
b = 49.64906 -  JV

If instead of the mass of the 50-gram weight we calculate its 
correction, we obtain

Corr.jo =  N  +  o -  b -  50.00000
=  JV +  (50.00079 -  JV) -  (49.64906 — JV) — 50.00000 
=  JV -  (49.64906 -  0.00079)

which may be rewritten as

Corr.eo =  JV — \  (99.29811 -  0.00158)

or, in words,
Correction =  “preliminary value” — “ideal value”

The argument is identical for all other weights in the set.

O bservational Errors

The full beauty of Richards’ calibration m ethod is not 
apparent until we examine the way in which observational 
errors are handled. Richards himself made no comment 
on this point in his original paper, bu t subsequent writers 
(2) have described the method of calculating the corrections 
as one for “redistributing” the accumulated error in the 
“preliminary value” of the heaviest weight “according to

T a b l e  III. O b s e r v a t io n a l  E r r o r s
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M axim um  
E rro r in 

O bserved 
M ass

T x «1
2 
5 

10 
11 
22 
53

106
107
107
214
535

1.070
1.071 
2,142 
5,353

10,706
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T a b l e  IV. O b s e r v a t io n a l  E r r o r s
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th e  r e l a t i v e  v a l u e s  of the 
weights.” I t  is not always clear 
w h a t  is m e a n t  b y  t h i s .  A 
rigorous examination of the ob
servational errors which occur 
in the calibration is extremely 
i n t e r e s t i n g  and fruitful, espe
cially if the errors are considered 
individually.

O b s e r v a t i o n a l  e r r o r s  in 
weight calibration occur from 
two sources, the determination 
of the rest-point differences and 
the sensitivity. Since the one 
is divided by the other in ob
taining the weight differences, 
we may consider the net effect 
of the errors on these differ
ences. Thus for the 0.01', the 
weight difference on comparison 
with the 0.01 m ay be written

# , where a is a

term of unknown value correct
ing the observational error in

The other weight differ-
s

ences contain similar c o r r e c 
tion terms. These t e r m s  are  
listed in c o l u m n  2 of T a b l e  
I II , the factor B  being omitted.
The way in which these errors 
a c c u m u l a t e  i n  t h e  course 
of calculating the observed masses is shown in column 3. 
The expressions here are the terms which, when multiplied 
by B, m ust be added to the observed masses to correct for 
their observational errors and thus obtain the true masses 
of the weights. The true mass of the 100-gram weight is 
thus: 10,000/1 -  701.89/i +  (100Y +  40 j  +  20/; +  201 +
10m +  8n +  4o +  2p +  q +  r)B.

In  calculating the face values, the te rm —0.00158 gram is 
added to  the above expression and aliquot parts of the whole 
are taken. The next step is the subtraction of the face 
values from the observed masses (or true masses, if the error 
correction terms are added) to obtain the weight corrections. 
The result of this subtraction on the observational errors 
is shown in column 3 of Table IV. (The aliquot parts of the 
error term  are not shown.) These are the net observational 
error corrections for each weight, and when multiplied by 
B  are to be added to the weight corrections of Table I.

An inspection of the error expressions of Table IV reveals 
several interesting facts. In  the first place, the most im
portan t individual errors affecting any weight correction 
are seen to be those made in the comparison of weights near 
the one being considered. For example, the correction term 
for the 0.1-gram weight involves all the observational er
rors from 0.1 to 100 grams, bu t only those of the 0.1, 0.1',
0.2, 0.5, and 1.0 (c ,/, g, h, and i)  are of much importance, the 
others being corrections of the second or third order. If the 
observational error made in the comparison of the 100-gram 
weight, r, were as large as 5 mg. (assuming rB = 5 mg.) this 
would affect the 0.1-gram correction only by 0.005 mg.

Another interesting fact is th a t if we assume the observa
tional errors to be of the same absolute magnitude in every 
comparison, the maximum error in the correction of any 
weight (assuming the most unfavorable distribution of 
signs) is between one and two times a single error. This is 
shown in column 4 of Table IV, where the maximum errors

for each of the weight corrections have been tabulated. 
These were calculated by assuming th a t each of the obser
vational errors am ounts to 6, and the m ost unfavorable dis
tribution of signs was taken for every weight.

A consideration of the errors to which the observed masses 
are subject is also instructive. These are tabulated in col
umn 4 of Table I II . H ere it is assumed th a t each error 
am ounts to  + .  e. These errors accumulate extremely rapidly 
in the calculation of the observed masses, as can be seen from 
the table, and by the tim e the 100-gram weight is reached, 
the error in the observed mass amounts to  10,706 «. This, 
of course, explains how it happens th a t two persons cali
brating the same set of weights m ay obtain sets of preliminary 
values which differ widely and yet come out' w ith weight 
corrections which are sensibly the same. I t  also shows 
how inaccurate the calculation of A  and B  from the observed 
masses of two known weights m ay be. Thus the calculation 
and substitution of values of A  and B  in the expressions for 
the observed masses to  obtain gram values for the weights 
might give values which would be grossly in error. In 
Richards’ m ethod for obtaining the gram values, however, 
the observational errors disappear to  a large extent by sub
traction. I t  is this feature which gives the m ethod its real 
importance.

S u m m a ry
1. A complete and rigorous explanation of Richards’ 

method for the calibration of weights has been presented, and 
the approximations involved have been pointed out.

2. The calculation of “preliminary values” in the usual 
manner has been shown to be an illogical procedure which 
has led to confusion regarding the theory of the method, 
though it is ordinarily without serious effect on the results 
obtained.

3. An analysis of the observational errors in the calibra
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tion process has been made and the effect of the individual 
errors on the separate weight corrections has been deter
mined.
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An Apparatus for Determ ining Odor in Water
A P ra ctica l System  o f  D ilu tio n s  for  E stab lish in g  T h resh o ld  Zone

W. B. HART
T h e  A t la n t i c  R e f in in g  C o m p a n y , P h i la d e lp h ia ,  P a .

T HE odor of water is a  highly revealing, though broad, 
criterion of its quality. The presence of substances 

having intense and characteristic odor is often detectable 
through the sense of smell. The odor te s t is frequently ap
plied as a  p art of the examination of raw w ater for domestic 
supply or to  determine the effectiveness of purification proc
esses and is also extensively used in the examination of in
dustrial wastes. Under these circumstances, the odor of an 
individual substance is involved only in unusual instances. 
Instead, the odors encountered are those caused by minute 
organisms, vegetable decay, earthy suspended m atter, domes
tic sewage, industrial wastes of various kinds, or combinations 
of these.

Various procedures for determining the odor of a sample of 
water have been proposed from tim e to time, m ost of them  
developments of water-purification p lant laboratories. The

original method (1) is familiar to all. Later, Gullans (4), 
in using Spaulding’s threshold system for odor testing, de
veloped the “ snozzle” tube which he held down in the neck 
of the flask. The top of the tube was flared and formed a 
more or less close fit for the operator’s nose. This was a note
worthy improvement. Recently, Fair developed the osmome
ter, followed by the types A and B osmoscopes.

The A tlantic Refining Company, a t  its Philadelphia Re
finery, has established a  laboratory for control of processes 
used to  condition waste water for proper disposal and for 
general research in pollution prevention by petroleum re
fining processes. These studies m ust of necessity take into 
consideration prevention of pollution not only by petroleum  
and its products but also by various chemical compounds. 
Types of odors in waste water and persistence after further 
dilution in a stream have received particular attention.

During the past several years, all the m ethods 
so far developed for taking the odor of water 
have been tried or given serious consideration. 
Some were particularly applicable to  control of 
water purification processes and unsuitable for 
liquid wastes. Each method had some feature 
which did not seem to meet the requirements. 
Usually this feature involved the apparatus 
recommended.

A constant search has been carried on to find a 
method th a t is practical, general in application, 
easy and rapid in manipulation, and as free as 
possible from error. I t  is well known th a t indi
viduals vary in their sensitivity to  odors. This 
variation cannot be entirely overcome by any 
apparatus or procedure. A satisfactory appa
ratus and method should m eet certain conditions: 
I t  should make possible taking the odor of the 
sample with the minimum danger of contamina
tion by odors in the atmosphere where the te st 
is being conducted. Taking the odor should not 
involve any violence in inhalation but, instead, 
the same quiet intake of breath th a t is normal to 
breathing. There should be no tubes extending 
into the nose, nor close-fitting nosepiece, for any 
discomfort or unnatural feeling seriously inter
feres with the sense of smell. The equipment 
should be simple in design, inexpensive, and if 
possible it should be portable. I t  cannot be em
phasized too strongly th a t the apparatus m ust 
be so designed th a t each part subject to contact 
w ith the sample odor m ust be readily removable 
so th a t it may be washed thoroughly, easily, and
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quickly. The importance of each of these features was well 
dem onstrated while developing the equipment described 
below.

Apparatus

The apparatus consists essentially of a purification train ; a 
means of supporting two flasks, one for the sample and one 
for a  blank of odor-free water; a  support for the odor-free 
air inlet and smelling tube for each flask; a combined mercury 
seal and pressure-relief valve to  m aintain the required pressure 
in the system and allow the escape of air when not being passed 
into the flasks; and a manometer to show the pressure in the 
system. The source of the air used is a compressor system 
or, in one portable design, a truck-tire inner tube and an auto 
pump. The apparatus is briefly described, since details are 
better shown by Figures 1 to  6.

P urifica tio n  T ra in . For deodorizing the incoming air, 
which should not exceed 70.3 grams per sq. cm. (one pound 
per square inch) in  p r e s 
s u r e ,  a t r a i n  of  t h r e e  
flasks and a n  a c t i v a t e d  
c a r b o n  cannister is used.
The first flask contains about 
75 ml. of standard formula 
d i c h r oma t e - s u l f u r i c  acid 
ox i d i z i ng  s o l u t i on .  The 
second flask contains about 
the same amount of strong 
caustic soda solution, and the 
third about 2 grams of 300- 
mesh activated carbon sus
pended in water. The can
nister is of the standard gas
mask type. The air is passed 
through the t r a i n  in t h e  
u s u a l  m a n n e r  and then 
through an empty flask which 
serves as a trap. Just be
yond it divides into t h r e e  
streams, one leading to the
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sample flasks, one to the mer- 
cury-seal relief v a l v e ,  a n d  
one to the manometer.

S a m p l e  F lask S u spen 
sio n . T wo separate shelves 
carrying corks approximately 
75 mm. in diameter extend 
horizontally from the main 
vertical support of the appa
ratus. To hold the corks 
the shelves are recessed and 
supplied with clip springs. 
Concentrically within the re
cess the shelves are drilled 
with a hole through which 
the flanges of the s a m p l e  
flasks will pass a n d  p r e s s  
against the under side of the 
corks. Two hinged shelves 
are located lower on the main 
vertical support a t a point 
where they will swing out 
horizontally and h o l d  t h e  
flasks against the corks with 
a slight pressure w h i c h  is 
taken up by the spring clips. 
These shelves are then sup
ported by hooks which swing 
from the sides of the main 
support. Rubber p a d s  on 
the swinging shelves take up 
any irregularity in the height 
of the flasks which are of 250- 
ml. capacity and the wide- 
mouth type.

P ressu r e-R e l ie f  Valve 
and M ano m eter . The pres
sure relief valve is simply an 
open-end tube extending into 
some mercury in a container, 

far enough to keep about 100 mm. (4 inches) of water pres
sure in the system when the stopcocks to the flasks are closed. 

The manometer is of the simple U-tube type.
Sm elling  T u be  and A ir  I n l e t . Tlie'smelling tubes for the 

sample flask and for the blank flask are identical. There are 
two parts. An adapter tube is used for the lower section and 
extends to just above the level of the sample in the flask. A cork 
carrying a nosepiece fits into the flared top of the adapter.

The nosepiece is individual for each observer, and being sepa
rate, one equipment can be used by several individuals. I t is 
made to an approximate fit, so that only a slight space is left 
between the flare and the nose when being used. I t  is not a 
tight fit, but is close enough so that the stream of air coming up 
the smelling tube passes into and around the nose, driving away 
any atmospheric odors that might give misleading results.

A convenient way of making the nosepiece is to make a wax 
mold of the observer’s nose and then a plaster of Paris cast. The 
nosepiece is then blown on the cast.

The odorless air inlet is simply a glass tube carrying a stopcock. 
The tube extends through the cork and about 2.5 cm. (1 inch) 
into the flask, so that the incoming air, moving downward, dis
places the layer of air next to the sample, driving it upward 
through the smelling tube to the observer s nose.

All parts of the apparatus are standard chemical items.
The glass tubing is made 
u p  e n d  t i g h t  a g a i n s t  
e n d .  T h e  f r a m e  or  
s u p p o r t  for the apparatus 
may oe of metal or wood that 
is well shellacked to seal any 
odor. The odor due to the use 
of corks, rubber connections, 
shellac, etc., was the subject 
of much discussion during the 
development stage. No un
desirable effects were notice
able. A possible explanation 
for this is that it seems less 
difficult to detect some odor 
than no odor. Odor may be 
present, but in bringing the 
sample through dilution into 
equilibrium with the blank 
t h r o u g h  t h e  s e n s e  of  
smell, some slight odor may 
help.
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F i g u r e s  4  a n d  5. P h o t o g r a p h ic  V i e w s  o f  A p p a r a t u s

M ateria l L ist
P u r i f ic a t io n  T r a i n . Glass tubing: laboratory bonding 

tubing of soda-lime glass, 7-mm. outside diameter, 1-mm. wall; 
approximately 4.5 meters required. Rubber tubing: trans
parent rubber tubing, thin wall, 6-mm. bore, 1.75-mm. wall; 
approximately 45 cm. required. Corks: 1 No. 12 and 1 No. 16,
selected dense stock; bored centrally one hole for 7-mm. outside 
diameter tubing; 1 each required. Flasks: 250-ml. conical
flasks, narrow-mouth type; 5 required. Cannister: standard 
gas-mask carbon cannister; 1 required; replaced as needed.

S a m p l e  E q u i p m e n t . Flasks: 250-ml. capacity, conical 
flasks, extra wide mouth; 12 or more required. Corks: 75-mm. 
diameter, 16 mm. high, of selected dense stock; drilled two holes 
(Figure 3); 2 required. No. 12, selected dense stock, drilled 
centrally for 16-mm. outside diameter tube; 2 required. Adapt
ers: 190 mm. long from top of flare to end of tube, 16-mm.
outside diameter tube, 25-mm. inside diameter flare; 2 required. 
Nosepiece: made special for operators of J6-mm. outside diame
ter lime-soda glass tube; 2 or more required. Stopcocks: 
glass; plugbore 5 mm., bent to fit; 2 required. Glass tees: 
bore, 5 mm.; 3 required.

T est P rocedure

All those engaged in the examination of w ater are familiar 
with the determ ination of “ threshold point.” In  reality this 
is not a point to more than  one observer bu t rather a “zone” 
and is so designated here. To even one observer, the exact 
point would be determined only rarely and there is but one 
absolute point th a t can be checked by several: the condi
tion of no odor present. In samples of very low odor con
centration the zone becomes more and more constricted as 
zero odor is approached and m ay seem to be a point. Group 
opinion is valuable under all conditions and particularly

when numbers of individuals are concerned with the purity  of 
the water.

The ability to detect faint odors varies not only with differ
ent individuals bu t a t  times with the same individual, de
pending upon physical condition. Also, when odor is present 
to a certain slight extent, one observer m ay detect it and not 
another. Between the low intensity detectable to  the first 
and the higher intensity detectable to the other, there is a 
"threshold zone” which is the indication th a t the water 
“smells.” This “zone” has practical value to  many; the 
“point” has value to only the one who finds it. The average 
sensitivity will be well within the zone, bu t i t  is probable tha t 
in a group of observers the individual threshold finding of 
any one will range from 5 to  10 per cent on either side of the 
group average.

In  carrying out the threshold zone determination using 
the equipment described, dilutions are made of the sample 
with odor-free water and a tentative threshold is found by 
simply smelling a t the mouth of the flask. This tentative 
zone is established a t  a  point of no odor, well beyond the 
real zone. Dilutions for this purpose are made in multiples 
of ten. Then, after a rest period, interm ediate dilutions are 
made up and tested in the equipment, always approaching the 
threshold zone from the no-odor side to assure a  clear nose.

The manipulation is simple. An odor-free blank of 100 ml. 
is set up on one side of the apparatus and the unknown dilutions 
are tried on the other. The flask is held up under the cork, mak
ing sure that the flanges rest evenly, and the bottom shelf is 
brought up and hooked in place. With the air turned on through 
the apparatus the stopcock is opened for a few seconds to sweep 
out any room atmosphere. Then the stopcock is closed, the
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flask is removed and shaken 
g e n t l y  t o  contact the air 
and water and r e p l a c e d .  
This agitation is important. 
Then the nose is placed just 
comfortably in the nosepiece 
and, opening the s t o p c o c k  
just before a normal inhala
tion, the o d o r  is t a k e n .  
There should be air escaping 
from the relief valve when the 
stopcock is closed and also, 
to some extent, when it is 
open.

W here a n  a b s o l u t e l y  
odor-free atmosphere exists, 
no protection against out
side odors is n e c e s s a r y .  
This is not often the case, 
particularly where w a s t e  
waters are being tested in 
industrial l a b o r a t o r i e s .  
Very satisfactory r e s u l t s  
have been obtained with the 
procedure described under 
conditions purposely made 
difficult.

Evaluation of Odors

The original method of 
evaluating odors as devised 
b y  th e  l a t e  P r o f e s s o r  
Whipple is d e s c r i b e d  in 
S t a n d a r d  M e t h o d s  (1). 
Spaulding’s threshold-point 
method (5,6) was a great im
provement. More recently 
the exponential method of 
Fair (2, 3) was developed, 
of them, are all in use today.

F io u r e  6 . P h o t o g r a p h ic  V i e w  o f  A p p a r a t u s

Dilutions for Deter
mination of Thresh

old Zone
The dilutions are made 

up as shown in Table I, ex
tending the series until it 
is found th a t the threshold 
z o n e  h a s  b e e n  p a s s e d .  
This establishes the ten ta
tive threshold.

Having found two dilu
tions, the lower having odor 
and the higher no odor, i t  is 
obvious th a t the real thresh
old zone lies b e t w e e n .  
The limits are then reduced 
as shown in Table II.

C e r t a i n  p r e c a u t i o n s  
should be observed in m ak
ing dilutions. Since waste 
w a t e r s  m a y  c a r r y  sus
pended m atter or oily sus
pensions th a t cannot readily 
b e  w a s h e d  from a pipet, 
clean measuring equipment 
should be used wherever 
conditions indicate.

All dilutions are m ade to 
as nearly 100 ml. as is pos
sible for accurate ratios, so 
th a t the air-water volume 
ratio remains p r a c t i c a l l y  
constant.

The threshold zone re
p o r t e d  is the dilution in 
which odor is first detected

These methods, or variations 
B ut in making threshold deter

minations, and in studying the results of others, a uniform 
procedure th a t will eliminate as many variables as possible 
is badly needed, particularly when the final result depends 
upon the differing sensitivity of various individuals. Also, 
as the intensity or persistency of the odor increases, the dilu
tions constituting the boundaries of the threshold zone m ay 
diverge to a greater extent w ithout great importance a ttach
ing.

T a b l e  II. D i l u t io n s

D ilution O dor-Free
Identification Sample W ater D ilution

Ml. M l.
1A 12 L. D .a 96 1 in 90?7q of H. D.b
2 A 12 L. D. 84 1 in 80«7q of H . D.
3 A 15 L. D. 90 1 in 70«% of H. D.
4 A 16 of L. D. 80 1 in 60«% of H . D.
5A 20 of L. D. 80 1 in 50«% of H . D.
6 A 25 of L. D. 75 1 in 40«% of H . D.
7 A 33 of L. D. 66 1 in 30‘% of H . D.
8A 50 of L. D. 50 1 in 20«Vo of H . D.

° Lower dilution, L. D. & Higher dilution, H . D.

T a b l e  I. D il u t io n s

D ilution Odor-Free
Identification Sample

M l.
W ater

M L
D ilution

1 10 90 1 in 10
2 10 (D ilution 1) 90 1 in 100
3 10 (D ilution 2) 90 1 in 1,000
4 10 (D ilution 3) 90 1 in 10,000
5 10 (D ilution 4) 90 1 in 100,000

Since such zones actually exist, it is im portant th a t they be 
limited. Such lim itation makes for uniformity th a t will add 
value to  the reports of various observers. I t  will in reality 
make possible check determinations a t  the expense of very 
little accuracy, for there will be a  definiteness about the 
observation th a t is not present when a “point” is looked for. 
The point found by one observer will be questionable to an
other. A systematic series of dilutions, th a t will step  by 
step establish zones such as described and is particularly 
adaptable to waste waters, follows.

This information then will indicate water quality: need or no 
need for further treatm ent or any other purpose required.
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Twenty-Plate Laboratory Bubble-Cap Still
F o r  L ow -B o ilin g  M aterials

JO H A N N E S  H . B R U U N  AND S C O T T  D . W E S T , S u n  O il C o m p a n y  R c sc a rc li  L a b o r a to r y ,  N o rw o o d , P a .

T H E  object of the present investigation was to develop a 
laboratory' still suitable for the preparation of low-boiling 

(below room temperature) compounds of extremely high 
purity. The main requirements for such a still are:

1. The efficiency of the fractionating column, expressed in 
the number of theoretical plates, should Be such that even small 
amounts of a volatile impurity can be removed. A study of the 
vapor-liquid equilibrium diagrams of binary mixtures will re
veal that it is normally much more difficult to effect an enrich
ment in concentration from 95 to 100 mole per cent than from 
50 to 95 mole per cent.

2. The capacity of the still should be large enough so that 
comparatively large amounts (500 to 1000 ml.) of material can 
be distilled in a single distillation.

of preparing pure low-boiling compounds, however, i t  was felt 
th a t an improved still could be designed which would meet the 
above mentioned requirements better than the older columns.

D escr ip tio n  o f  S till

Figure 1 shows the assembly of the still. The still pot 
has a capacity of 1000 ml. and is provided with a thermometer 
well into which is suspended a toluene thermometer. I t  is 
surrounded by a Pyrex beaker, the outside of which is heavily 
insulated with felt pad. In  the bottom  of the beaker is 
placed an electric heater similar to  th a t described in an 
earlier publication (S).

The fractionating column, which is 80 cm. long, consists 
of tw enty bubble-cap plates of glass of the type shown in 
Figure 2 and described in a recent paper (2). As indicated 
in Figure 1, a vacuum glass jacket (72 mm. o. d.) was sealed 
to the column in order to minimize radiation. During dis
tillations of low-boiling compounds, such as propane, i t  was

found th a t better results could be obtained if the glass vacuum 
jacket was surrounded by a C-shaped brass cooling jacket 
provided with a vertical celluloid window along its entire 
height. The bottom , the outside, and the top of the cooling 
jacket were insulated with heavy felt pad. The column 
was supported by an angle iron frame by means of a  Transite 
support.

The reflux head consisted of a half-inch copper tube sur
rounded by a short 2-inch brass cooling jacket. All of the 
exposed parts of the reflux head were insulated by felt.

The receiver consisted of small pressure cylinders im
mersed into a Dewar flask.

The flowmeter shown between the reflux head and the 
receiver was used to indicate the rate of distillation for 
fractions such as propane and m ay be om itted if desired.

O peration

The brass cooling jacket around the column was filled 
about three-fourths full w ith a cooling mixture such as carbon 
tetrachloride and chloroform, and solid carbon dioxide was 
introduced through the spout near the top until the tem 
perature in the brass jacket was low enough to  cool the 
vacuum jacket and the column and to  minimize radiation 
through the glass vacuum jacket. In  order to ensure com
plete visibility of the column and of the thermometer between 
the column and the inside celluloid window, it  is im portant 
to prevent water vapor from freezing on the vacuum jacket 
and on the windows. For this reason Dehydrite tubes were 
connected to  the top and bottom of the air space between the 
brass jacket and the vacuum jacket, as well as to the space 
between the two celluloid windows.

F ig u r e  2. R e d e s ig n e d  B u b b l e - C a f  C o l u m n , 4- 
C m . S e c t io n s

Slots injbubble cap, as shown, abou t 0.5 to  1 m m. wide and  
5 mm. deep, a t  an angle of 30° w ith radius, fire-polished. 
M aterial, Pyrex laboratory  glass. All dim ensions are in 

millimeters. Exact dimensions are circled.
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For charging purposes the still pot was cooled by surround
ing it w ith a large Dewar flask containing cooling liquid. 
The m aterial to  be distilled was then introduced into the 
still pot as a liquid. As soon as the reflux head had been 
cooled sufficiently to  ensure complete condensation, the 
Dewar flask under the still pot was replaced by the heating 
unit shown in Figure 1. During distillation of very low- 
boiling fractions such as propane, the operation of the bubble- 
cap column will not commence until a sufficient quantity  of 
liquid has condensed on the plates. If flooding should occur 
during this initial starting period, some pressure should be 
applied on the top of the column by blowing through a drying 
tube located a t the end of the distillation train. This pro
cedure will force the condensed liquid down to the em pty plates 
and will enable the operator to sta rt a distillation in about 
10 or 15 minutes.

A therm ometer suspended from the reflux head a t the top 
of the column was used to read the tem perature of the dis
tillation. Other thermometers were placed in the still pot, 
in the air space between the vacuum jacket and the brass 
jacket, and in the cooling mixtures surrounding the column 
and the reflux head.

The distillate fractions m ay be taken either by temperature 
or by volume. When the latter method was used, the volume 
of distillate in the receiving cylinder was measured by means 
of a small glass tube (about 2 mm. o. d.) which was inserted 
into the liquid distillates for 1 or 2 seconds. A calibrated

glass receiver could obviously be used for most hydrocarbons, 
but for low-boiling liquids, such as propane, steel cylinders 
were preferred since they were used also as pressure storage 
containers for the distilled fractions.

Efficiency
Carefully conducted tests with different liquid mixtures 

and under different rates of distillation showed th a t the 
height of the equivalent theoretical plate for the bubble-cap 
column shown in Figure 2 is slightly above 4 cm. (2). Con
sequently, the separation obtained by means of the new 
column is equivalent to an efficiency of nearly tw enty theoreti
cal plates.

The column shown in Figure 1 was used for the purification 
of n-propane. The tim e-tem perature cooling curve of the 
distilled middle fraction of this propane indicated an un
usually high degree of purity  (5).
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A Variable-Voltage Autotransformer
D . H . C O O K , D e p a r tm e n t  o f  C h e m is try ,  S c h o o l o f  T r o p ic a l  M c d ic in c , S a n  J u a n ,  P u e r to  R ico

A  SOURCE of variable alternating current voltages would 
often be convenient in laboratory work. Low voltages 

of 2 to 24 volts can, of course, be supplied by toy or bell- 
ringing transformers, b u t their current-carrying capacity is 
small. Greenleaf (3) described the construction of a simple 
autotransformer to be used with photoflood lamps in photog
raphy, and there are commercial instruments, generally 
rheostats, on the m arket for the same purpose, but they lack 
flexibility for general purposes.

A means of varying voltages from 35 to 180 in small steps 
and with an output up to 10 amperes was required for experi
mental work, and the following instrum ent was designed and 
made up. The total cost was about $25 and it  has already 
paid for itself in its convenience, adaptability, and general 
usefulness.

The main part of the transformer was made up on conventional 
lines, the core being formed of L-laminations obtained from the 
local power company. They were 1.5 inches wide and were 
trimmed to give, when piled in a rectangle, a 1 X 6 inch window. 
Sufficient of them were assembled to give a stack 3.5 inches high 
when compressed, thus furnishing a core cross section of at least 
4 square inches, which is necessary for an output of 1 kilowatt. 
No. 14, enameled, cotton-covered, magnet wire was used and 
the winding was calculated on the basis of 2 turns per volt. Taps 
can be supplied for any desired number of voltages. In this 
instrument taps were taken off every 10 turns starting at the 
70th turn, thus giving 5-volt steps for regulation. A layer of 
empire tape was used to insulate each layer of the winding. De
tails of winding technic, core size, wire size, carrying capacity, 
etc., can be found in standard publications (1, 2, 4) and many 
other texts of experimental radio and physics.

The power line connection which normally would, in this case, 
be connected to the 220th turn (transformer calculated for 2 
turns per volt) was made variable by the addition of a 7-point 
rotary switch, allowing connection to be made to every 20 turns 
of the transformer winding, from the 180th to 300th turn, in
clusive. This increased the range and usefulness of the appara

tus. The main regulator was a 20-point rotary switch giving a 
variation of 3 to 5 volts per contact, depending on the position 
of the 7-point switch.

Since switch points could not be purchased here, they were 
easily made by cutting 0.25-inch disks from a 0.375-inch brass rod, 
drilling a 0.1875-inch hole partway through, and sweat-soldering 
to the heads of 0.1875-inch brass bolts 1.25 inches long. The tips 
of these bolts had a 0.0625-inch hole drilled into them for 0.25 
inch, and the transformer taps of No. 14 wire were sweat-soldered 
to them after assembling. This is not a rheostat, and the switch 
points must be spaced wide enough to prevent the contact shoes 
of the switch arms from engaging two switch points a t the same 
time, which would cause a short circuit, and very large currents 
would flow through a limited portion of the transformer wind
ings.

A 10-ampere Weston alternating current ammeter and 150- 
volt alternating current voltmeter were placed in the output 
circuit, together with a 10-ampere fuse plug and two porcelain 
plug outlets. A Cutler Hammer single-pole single-throw heavy- 
duty toggle switch was placed in the output side ahead of the 
ammeter. The voltmeter was so wired that when this switch 
was in the off position, the meter still registered the voltage that 
can be thrown into the output circuit. These wiring details are 
clearly seen in Figure 1. The instruments and switches were 
mounted on a 12 X 14 inch Bakelite panel and the whole was 
screwed to a 2-inch mahogany base 12 X 15 inches. The outfit 
weighed about 50 pounds and was capable of delivering 8 amperes 
a t any voltage from 35 to 190 continuously and 10 amperes for 
an hour without heating up above 45° C. Figure 2 shows panel 
mounting.

I t  is ideal for closely regulating the output of heating devices, 
such as small furnaces, hot plates, and immersion heaters. The 
speed of any Universal laboratory motor used for stirrers, centri
fuges, or grinders, can be controlled. Ordinary light bulbs 
flashed a t 180 or 190 volts can be used in place of photoflood 
lamps for photography. Projection machines and arc lamp 
microprojectors can be maintained at efficient voltages on power 
lines that are delivering only 90 to 100 volts. A 17-volt tap 
could be added, if desired, to use the General Electric Si and & 
lamps for ultraviolet work. In fact, the device is useful for 
any purpose where close regulation of voltage to an apparatus is
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desirable. I t does not regulate in the sense of keeping down 
voltage fluctuations in the main line supply. Unlike a rheostat, 
there is no power lost in heat; all the current is used in producing 
the effect desired and regulation is closer than with the average 
rheostat. On this instrument, 4 binding posts are mounted 
on the panel to furnish current for a hot wire loop for glass cut
ting. They are connected to any successive 10-turn taps of the 
transformer, thus giving voltages from 3 to 20, depending on the 
position of the 7-point rotary switch.

This device has been in constant service in the laboratory 
for two years and has given entire satisfaction.
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Siphon-Starting D evice
T . W . C H A N D L E R , R a y o n  D e p a r tm e n t ,  E . I .  d u  P o n t  

d e  N e m o u rs  &  C o ., I n c . ,  B u ffa lo , N . Y .

T H E  starting of a siphon, particularly with corrosive 
liquids in an open container, often cannot be achieved 

conveniently and safely by expedient^ commonly used. 
Siphoning from a wide-mouthed bottle, pail, or drum may 
present such difficulty, and to  m eet this condition in handling 
a corrosive solution the device shown in Figure 1 wras made.

Essentially, the apparatus consists of a siphon centered 
in a reservoir tube, of sufficient capacity to  fill and s ta rt the 
siphon by pressure on the liquid in the reservoir. A rubber 
stopper around the bottom  of the larger tube acts to  seal the 
reservoir until the siphon has been started ; then tilting the 
assembly allows the siphon to  drain the container. A flat 
disk of gasket rubber placed on the bottom  of the containing 
vessel m ay help to  form a better seal while the siphon is being 
started.

The drawing is self-explanatory, except th a t it does not 
indicate the relation between the tube sizes. The length of 
the siphon and height of the reservoir are determined by the 
container with which they are to  be used. If it is assumed 
th a t the length of the siphon is three times the height of the 
reservoir, and if the reservoir is to  provide four times the 
volume of the siphon tu b e, the relationship of the inside tube 
diameters is: D = \/12c2!, where D  is the diam eter of the re
servoir and d is the diameter of the siphon. These relation
ships provide for sufficient reservoir capacity to  ensure an ex
cess of liquid over th a t just sufficient to  s ta rt the siphon.

F ig u r e  1. D e v ic e  f o r  S t a r t in g  S i p h o n  i n  O p e n  
V e s s e l s

If the liquid level is too low to provide a volume great 
enough to fill the siphon tube, suction may be applied to fill 
the reservoir tube before the pressure is applied to  s ta rt the 
siphon. A tee with vacuum connection and pressure bulb 
attached could well be provided if the need is anticipated.

R e c e i v e d  F ebruary  20, 1937.

A . Pressure bulb 
J5. Original level of liquid 
C. Reservoir tube 
F. T ube centering rubber stopper 
L .  R ubber s topper as gasket 
N . B ottom  of container 
R. T ube centering rubber stopper, 

cu t ou t to  perm it flow in to  
siphon
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Apparatus for the Extraction  
o f Liquids with Im m iscib le  

Solvents o f  Greater 
D ensity

L IN D S A Y  I I .  B R IG G S  
A u c k la n d  U n iv e rs ity  C o lleg e , A u c k la n d , N ew  Z e a la n d

siphoning. Secondly, the solvent m ust not be boiled so 
vigorously as to  cause a turbulence in the condenser, thus 
setting up pressure, a sudden release of which may also 
cause siphoning. W ith these precautions the above apparatus 
has been run continuously for several days w ithout atten
tion. The apparatus is made from ordinary laboratory ma
terial and there is no reasonable lim it to its size.

R e c e i v e d  Jan u a ry  5 ,  1 9 3 7

A N ORDINARY “siphon” apparatus similar to the 
Soxhlet extractor m ay be used for extraction of liquids 

with immiscible solvents of greater density, provided the 
return  tube is sufficiently wide to  prevent siphoning, the 
solvent flowing over continuously as fast as i t  condenses. 
The main disadvantage of such apparatus is in arranging 
the height of the siphon tube, which m ust vary from experi
m ent to  experiment according to  the density of the solvent 
and the am ount of liquid to be extracted.

The following apparatus has been found useful in extract
ing comparatively large am ounts of aqueous solutions con
taining plant material w ith heavy solvents such as chloroform 
or trichloroethylene.

The apparatus consists of a boiling 
flask, A, connected to a reflux condenser,
B, which fits into the main vessel, C, con
taining the liquid to be extracted. The 
condensed vapor from the boiling solvent 
flows down through the liquid in C, forms 
a separate layer at the bottom, and 
passes over through the siphon tube, D, 
into A as fast as condensation occurs.
In practice the solvent drops from the 
condenser onto the surface of the liquid 
in C, breaking up into smaller drops which 
do not fall straight through but fan out through the liquid. 
The essential feature is that the siphon tube can swing about 
the axis E-F, enabling the height of liquid in the tube to be ad
justed according to the amount of aqueous extract in C and the 
density of the solvent. Major adjustments may be made by 
sliding the inverted U-tube up or down and minor adjustments 
by tilting the[U-tube, which is then clamped to hold it steady.

There are two essentials in the construction. Firstly, the 
siphon tube m ust be of sufficient width to allow the condensate 
to run over freely. Blocking with solvent owing to  the use 
of smaller bored tubing will immediately cause complete

CORRESPONDENCE

Calcium Chlorite as a 
V olum etric O xidizing Agent

S i r : I n  a recent work by Donald T. Jackson and John L . 
Parsons [ I n d . E n g . C h e m ., Anal. Ed., 15, 14 (1937)] they pro
pose the use of sodium chlorite as a reagent for volumetric 
analysis and particularly for the determination of sulfur dioxide, 
sulfites, and bisulfites. The method is excellent. The authors 
quote some of my researches on chlorites, adding that the Mathie- 
son Alkali Works, Inc., now manufactures a product containing 
97 to 98 per cent of sodium chlorite which may be used for this 
purpose.

I  would like to make two observations: (1) Jackson and Par
sons do not mention my article on “Reactions of Oxidation and 
Reduction with Chlorites” [Gazz. '¿him. ital., 52, 58 (1922)] which 
gives precisely the reaction, 2H2S03 +  NaC102 =  2H2SO< +  
NaCl, tha t the authors assume as the basis of the titration.
(2) The ability to obtain 100 per cent calcium chlorite because of 
the solubility of calcium chlorate and chloride in alcohol, permits, 
from my point of view, its more convenient use as the direct 
standard. The calcium chlorite solution must be made with 
freshly boiled water free of carbon dioxide.

G io r g io  R e n a t o  L e v i

I n s t i t u t o  d i  C h i m i c a  G e n e r a l e  
R . U n i v e r 8 I t A  
P a v i a ,  I t a l y  

M arch 16, 1937

S i r  : The pioneering work in the preparation, properties, and 
uses of the chlorites by G- R. Levi and his associates is fully appre
ciated by Dr. Jackson and myself with reference to our article on 
sodium chlorite as a volumetric oxidizing agent in the A n a l y t ic a l  
E d i t i o n  for January 15. Unfortunately the Italian journals are 
not readily accessible to us. For many of Mr. Levi’s references, 
therefore, we have had to depend on the abstract journals and the 
equation to which he refers in his comments was not covered by 
the abstract.

I t  has been our experience, however, that the reaction 2H2SO» +  
NaC102 =  2H2S04 +  NaCl is rather slow and not particularly 
suited to volumetric analysis. By the addition of a small amount 
of potassium iodide the reaction is markedly accelerated and is 
very satisfactory for the purpose we had in mind. In the pres
ence of the iodide ion the reactions appear to be:

C IO :—  +  4 1 -  +  4 H +  ■ 
2 H 2O +  21: +  2 SO 3 -

H a m m e r m i l l  P a p e r  Co. 
E r i e ,  P a .

April 3, 1937

C1“ +  2I2 +  2H*0 
2S04—  +  41“  +  4H+

J o h n  L. P a r s o n s
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s f l R o e n j

I d has at his finger tips, in two volumes compris
ing over 1500 pages, information of the most complete and  
varied lines of both apparatus an d  chemicals available, an d  
a  great quantity of new equipm ent applicable to practically 

all fields.
Recommended applications an d  extensive cur

rent literature references included in the descrip
tions will be invaluable aids in the correct selection 
of apparatus.

Rapid identification of apparatus without exces
sive reading is afforded by fully identifying bold 
face titles an d  accurate descriptive illustrations of 
each item.

The chemical catalog offers in a  single volume 
reagent chemicals of C.P., U.S.P., N.F., an d  Tech
nical grades, organic chemicals, culture media, 
biological stains, standard  solutions, minerals, 
ores, micro chemicals, etc.

catalog no.SO

S H R E E f l T
L R B Q R R T O R Ü  S U P P L I E S
E . H . S R R G E f l T  RFID C O m P f l O H
1 5 5  E A S T  S U P E R I O R  S T . ,  C H I C A G O

Quick Convenient Consultation
fo r Sp ec ifica tio n s and 
Applications of the largest 
line of chemical laboratory 
equipment ever published 

in one volume
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Important Utensils 
for Micro Chemical Analyses....

The technique of carrying out chemical analytical determinations of the elements 
by using only minute amounts of substances has to-day reached a state of im
portance equal to that of large scale qualitative and quantitative chemical analy
ses. The value of all analytical work rests fundamentally on the accuracy of 
the apparatus used.

J

I

A . P. W . PLA T IN U M  W A R ES  have always qualified as the 
most reliable means for obtaining absolute accurate results. We 
have published a special leaflet called

PLA TIN U M  M IC R O -A PPA R A TU S
Showing all the latest types of micro wares.

—  A S K  FO R YO U R  COPY  T O D A Y  -
For the first time any chemist has the opportunity for making all 
the chemical determinations with Platinum Wares.

Iridium, Palladium, Rhodium, Ruthenium, Osmium 
Our catalog F-16 describing regular A .P .W . Platinum Laboratory 
Wares will be sent upon request. We will gladly give you esti
mates for exchanging your old worn out wares.

===3 The AMERICAN PLATINUM WORKS
N .J.R .R . A V E .  A T  O L IV E R  ST.

N EW A R K , N . J .
Refiners and Manufacturers of Platinum, Gold and Silver

44B u ild -U p ”  M odels

N e w  G a s  A n a l y s i s  A p p a r a t u s

Standard-B urrell

Choose the apparatus exactly suited to your current 

needs— alter it later if you desire.

The new Burrell //Build-Up// models may be had. in 

portable and laboratory styles in almost endless 

combinations.

WRITE NOW FOR NEW CATALOG

B u r r e l l  T e c h n i c a l  S u p p l y  C o . P i t t s b u r g h , P a .
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D eterm in ation  of F e rr ic  Iron
REAGENT— 7 -Io d o -8 -h y d ro x y q u in o lin e -5 -su lfo n ic  A cid 

MKTIIOD— C o lo rim e tric , by  c o m p a riso n  w ith  s ta n d a rd s  

ADVAINTTAGES— N o n fad in g  co lo r. . .h ig h  s e n s it iv ity . . .

u n a ffe c tcd  by  fe rro u s  io n s  

REFERENCE —Y oe a n d  H a ll, J.Â.C.S.,  M ay (1937)

7-Iodo-8-hydroxyquinoline-5-sulfonic Acid (No. 4449 — 10 g., 
$1.50) is one of the new chemicals recently added to Eastm an  
Organic Chemicals, List No. 28. A complete report of the value 
of the reagent appears in J.A.C.S., M ay, 1937; an abstract will be 
forwarded upon request. Eastman Kodak Company, Chemical 
Sales Division, Rochester, N . Y.

E A S T M A N  O R G A N I C  C H E M I C A L S

WE HAVE SHARPENED TH E

OF T H Q
i k  R E G .

P A T .
O F F .

FOR DIRECT TITRATION OF SULFATES

Further research with the manufacture of THQ 
has resulted in an entirely new indicator, with 
which the endpoint obtained is extremely sharp 
and represents a distinct advancement in this 
TecHniQue of sulfate determinations.

SU LFA TE  IN W A TER — SULPHUR IN 
RUBBER—SULPHUR IN O IL

SULPHUR IN C O A L — A N D  OTHER 
A P P LIC A T IO N S

Standard Prices— (F.O.B. Philadelphia)

THQ (Code 215)
25 gra 
$3.00

50 gm 
$5.00

100 gm 
$7.50

500 gm 
$25.00

Special Introductory Offer: On initial orders 
only, we will send you ten (10) gms. of the

new THQ Indicator (with the sharp endpoint) 
for ONE DOLLAR ($1.00)— Postpaid— 
(Cash W ith Order). W. H . & L. D. BETZ, 
Chemical Engineers, 235 W. Wyoming Avenue, 
Phila., Penna.

Have you requested your FREE copy of the 32- 
page booklet on WATER ANALYSIS, Methods, 
Chemicals and Apparatus? If not, write for it today.

W. H. & L. D. BETZ
C H E M I C A L  E N G I N E E R S  A N D  

C O N S U L T A N T S
O N  A L L  W A T E R  P R O B L E M S
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COORS 
U. S. A.

FILTRA TIO N  PROBLEM S
l o  n i l  

so lved  b y  the use o f

J E N A  F r i t t e d  G l a s s  F i l t e r s

MICROMETER SLIDE 
%  COMPARATOR

Jena  F ilter Cylinder U nits  have 
perm anen tly  fused-in fritted  glass 
filter disc in th e  cen ter of a  glass 
cylinder. M ay be fused in to  special 
ap p ara tu s  w ithout interm ediary 
seals. A vailable in all porosities.

N um ber
D iam . of disc, mm. 
T o ta l length, mm. 
Price

JE N A  G R O TE 
A P P A R A T U S

For the  determ ination  of 
Sulphur and Halogens in 
com bustible substances. 
Replaces the  Carius and 
o t h e r  c o m b u s t i b l e  
methods.
Rapid A ccurate

Reproducible 
Further information

on request

Available a t all leading laboratory su pp ly  dealers.

F IS H -S C H U R M A N  C O R P ., 250 E . 43rd S t ., New York  C ity
U.S. Agents— Jena  Glass W orks, S cho tt & Gen.

CHICAGO 
U. S. A.

Why have your Re-agents scattered 
on open shelves, covered with dust 

when it is possible, 
If 81 at a small outlay, 

to them in a
¿ i O S P I  • f l  neat> orderly way, 

i m instantly at the
finSer tips when 

imI  required , and —  
away from dust 

wjMjpfoj and d etrim en ta l 
;g: [ i efl'ects of light.

Install the
SCHWARTZ  S E C T I O N A L  SYSTEM
which so many have to their complete 

satisfaction.
Send fo r  illustrated catalog with net 

price list.

S C H W A R T Z  S E C T I O N A L  S Y S T E M  
I N D I A N A P O L I S ,  I N D .

P o r c e la in  C r u c ib le s  
u sed  for p artin g  a s s a y  
buttons are  s u b j e c t e d  
to the a c tio n  of b o ilin g  
N itric A cid  . . .

QooKL a. 9a, OfloAt 
ficAiAlanL J oJ Iua. dclio/t.

C o o r s  P o r c e l a i n  C o .
CO LD EN  - C O L O R A D O
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. . . A nd a definite a id  to better work
Here's the new, handy, 500 page Milvay Chem
istry Catalog. Its completeness, convenience 
and vitalizing character will reflect themselves 
in your work and save money for your school 
or company. If you have a  copy, test its con
venience and economy on your very next 
order. If not, write! It deserves a  position within 
your easy reach.

MILVAYStir ntt Ltbeettorj Equipment

C H I C A G O  A P P A R A T U S  C O M P A N Y
1735 North A shland A venue, Chicago

explains why

STOKES 
WATER 
STILLS

produce
an exceptionally pure 

D IS T IL L A T E
A S K  Y O U R  D E A L E R  O R  W R IT E  D IR E C T  

F O R  Y O U R  C O P Y  O F

N E W  F O L D E R

FJStokes m ach in e  co .
5922 T a b o r  R o a d , O ln e y  P . O ., P h i la d e lp h ia ,  P a .

Equipm ent fo r

FLUORESCENCE 
MICROSCOPY

A N E W , h igh-in tensity  illum inating ap p ara tu s , ap- 
plicable to  an y  stan d ard  microscope, for exam ina

tion  of opaque or tran sp aren t specim ens under fluores
cent light. N o perceptib le loss o f brilliancy w ith high 
m agnifications.

P articu larly  recom m ended for paper, oils, rubber, pig
m ents, textile  fibers, cellulose, e tc . Biological speci
m ens m ay be exam ined w ithout staining, o r a fte r 
b rief trea tm en t w ith fluorochrom e. A nim al and  p lan t 
tissues exhibit characteristic  colorations which m ake 
possible h itherto  difficult d ifferentiations.

Same equipm ent m ay  be used for photom icrography, 
as it gives an intense, steady  light, covering th e  en tire  
spectral range. C learly  defined lines from  3650 to  
5460 A, th u s p e rm itting  full ad v an tag e  to  be tak en  o f 
the  increased resolution and  d ifferentiation  ob tainab le  
w ith th e  u ltrav io le t m ethod.

Particulars on request

Pfaltg &> Bauer, Inc.
EMPIRE STATE BUILDING, NEW  YORK

Reduce Your Filtering Costs 30% 
With Durieux Filter Paper

Tests have proved 
th a t be tter  f i l te r  
p a p e r s  ar e  n o t  

available.

FO R USE

For General Filtering.— Durieux No. 120.
For Oils, Syrups, etc. —Durieux No. 127.
For Barium Sulphate.—Durieux No. I l l  Blue. 
For Gen. Quant. Work.—Durieux No. I l l  White. 
For Vacuum Filtrations.—Durieux No. 122.
For M eta Stannic Acid.—Durieux No. I l l  Blue.

Write fo r  samples and price list.

T A I ^ 'M Y E R S  inc.
Apparatus fo r  Industrial and Laboratory Use.

81 Reade Street New York, N. Y.



Parr Combustion Bombs have been in regular service since 1899. 
The one illustrated conforms to A .S.T .M . Designations D-129 and 
D-271, for the determination of thermal values and sulfur in coal, 
coke and oil.

PARR INSTRUMENT CO.
M OLINE, ILLINOIS
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T H E  

P A R R  

I L L I U M  

C O M B U S T I O N  

B O M B

SULFURIC ACID MANUFACTURE
by Andrew  M . Fairlie

F o R  the first time in English, an attem pt has been made to produce within the 
compass of a single volume a book on Sulfuric Acid M anufacture which would be 
at once authoritative, reasonable in price, and handy to use.

Describing both the nitration (chamber) processes and the contact processes as 
practiced in the United States and abroad, it deals with many developments of 
prime importance to the sulfuric acid industry which have been evolved and 
placed on a practical working basis during the last ten years—flash roasting proc
esses, liquid-cooled chambers of the new Mills-Packard and Gaillard-Parrish types, 
new tower processes, a new contact process, new sulfur burners, sulfur spray 
nozzles for molten sulfur, sulfur-fired steam boilers, new vanadium and platinum 
catalysts, the expansion of the use of vanadium-mass, self-contained, heat-exchange 
converters, etc. Emphasis is also laid on the value of the tables included in the 
Appendixes.

There is no previous book in any language tha t describes all of these recent de
velopments with an array of up-to-date details, pertaining to equipment and 
methods of operation used in modern manufacturing practice.

C o n t e n t s : H istorical; C hem istry and  theory  re la ting  to  sulfuric acid m anufacture; C onstruction m ateria ls;
P roduction m aterials; Burners; R oasters and furnaces; B urner- or furnace-gas; N itra tio n  processes— M ethods 
of n itra tion ; Glover tow er; Lead cham bers and cham ber substitu tes; Recovery of nitrogen oxides; A uxiliary 
equipm ent of a nitration-process p lan t; Com plete p lan t design—O pera tion  of a  n itration-process p lan t; Purifica
tion  and concentration of sulfuric acid ; C ontact or cata ly tic  processes; General discussion; T he com position of 
burner- or furnace-gas. Cleansing, cooling and  d rying the gas; Blowers; Preheaters; H eat-exchangers; C onvert
ers; C atalysts; Com parison of pla tinum  and vanadium  cata ly s t; SOj gas coolers; SOj absorbers; Oleum 
m anufacture; M iscellaneous contact-process equipm ent; C om plete con tact p lan t; Operation. M ethods of 
control of process; Special types of con tact p lan t; Indiv idual installations; M ixing and shipping sulfuric acid;
H azards and safety m easures; Costs and  cost-accounting; T o  buy  or to  build? Choice of process; T rends in the  
in d u stry . Appendices.

A . S. C. Monograph No. 69 672 Pages Illustrated $9.75

REINHOLD PUBLISHING CORPORATION
330 West 42nd Street New York, N.Y.
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Temperature Controlled Centrifugalîzatïon
C o m p le te  w ith  its  ow n re frig e ra tin g  

u n it ,  as illu s tra te d , th e  re frig e ra te d  c e n tr i
fuge h as  show n  defin ite , p ra c tic a l a n d  
tim e  sa v in g  a d v a n ta g e s  in  ev e ry  field o f  
u sefu lness in  th e  In d u s tr ia l  a n d  R e sea rch  
L ab o ra to rie s . W ith  i t  so lid  a n d  liq u id  
p h ases  ca n  be se p a ra te d  a t  r ig id ly  c o n 
tro lle d  te m p e ra tu re s  from  3 2 ° - 8 0 °  F . 
T ro p ic a l c lim a te  o r  seasona l ch an g es h a v e  
no  effect on  its  o p e ra tio n .

Illustrated Descriptive Bulletin upon Request

INTERNATIONAL EQUIPMENT COMPANY
352 W ESTERN A V E N U E  Makers of Fine Ctnlrifugts BO STO N , M A S S

T H E  R E F R IG E R A T E D  C E N T R IF U G E

T h e  R e fr ig e ra te d  C e n tr ifu g e  rep laces 
to  a d v a n ta g e  f iltra t io n  p rocesses in  a n y  
case in  w h ich  th e se  a re  slow . I t  avo ids 
th e  p o ss ib ility  o f  c o n ta m in a tio n  b y  p ro 
longed  exposure  d u rin g  filte ring  a n d  p re 
v e n ts  th e  d ev e lo p m e n t o f  fe rm e n ta tio n  
o r  o th e r  changes. I t  o b v ia te s  th e  n eed  
o f  u sing  ra p id  h ig h  p o w er f iltra tio n . 
A lcohol, e th e r  o r  o th e r  v o la tile  su b s ta n c e s  
can  b e  u se d  w ith  sa fe ty  in  th is  ce n trifu g e .

H as developed o u r superior equ ipm ent and a  de
m and  for its  in sta lla tion  in th e  b e tte r  laboratories

18 F la sk  C a p a c ity  C o m b in a t io n  6 C ap  G oldfinch  6 C ap  C ru d e F ib er  T itr a t io n  A cid  D i._p en .In g
D ig e s t io n  a n d  D is t i l la t io n  U n it  E x tr a c tio n  A p p a ra tu s  C o n d en ser  T able 6>tand w ith  S in k

( C a ta lo g  a n d  L is t  o f  U sers o n  R e q u e s t  j
) Y our enquiry  is inv ited . N o trouble  to  subm it proposals on f 
( your requ irem ents and , o f course, w ithou t obligation  to  you  )

M A N U F A C T U R E D  AND SO L D  D IR E C T  T O  T H E  U S E R  BY

L A B O R A T O R Y  C O N S T R U C T I O N  C O M P A N Y
1113-1115 H olm es S treet . . . . .  K ansas C ity , M issou ri, U . S. A.

G o ld fisch  
E le c tr ic  I lc a tc r

“Better Laboratory Equipment”

T w elve years o f  sp ecia liz in g  in  co m p lete  u n its  
o f

Kjeldahl Nitrogen Apparatus
a n d

A ssociated Equipm ent



A STURDY CALOMEL 
E L E C T R O D E
I S  U S E D  W I T H  T H E

B E C K M A N  
p H  M E T E R
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INDIVIDUAL U N ITC O N TR O L

w i t h  t he  B r a u n  M o d e l  P C  
ELECTROLYTIC APPARATUS
1VTOW you  can  m ak e s im u lta n e o u s  e le c tr o ly tic  

” d e term in a tio n s  o f  d ifferen t m e ta ls  o n  a s in g le  
e lec tro ly tic  o u tfit . BR A U N  M odel PC E lec tro ly tic  
A pparatus provides th e  flex ib ility  w h ich  ad ap ts it  
to th e  needs o f  research , c u sto m  an d  in d u str ia l 
con tro l lab orator ies. H ere’s w h a t i t  offers y o u :

1. E a c h  u n i t  o p e ra te s  in d e p e n d e n t ly  o f  t h e  o th e r s .
2. A n y  u n i t  o r  g r o u p  o f  u n i t s  c a n  b e  d is c o n n e c te d

f r o m  th e  c i r c u i t  w i t h o u t  in te r f e r in g  w i th  
th o s e  r e m a in in g .

3. I t  is  u n n e c e s s a ry  to  th ro w  s w itc h  b e fo re  re m o v 
in g  b e a k e rs .

4. I n d iv id u a l  a m m e te r s -, s w itc h e s ,  r h e o s t a t s  a n d
fu s e s  fo r  e a c h  u n i t .

5. U n i t s  m a y  b e  re v e rse d  w i t h o u t  a f fe c tin g  o th e r s .
6. C o n t r o l le d ,  p o s it iv e , v a r ia b le  sp e e d  s t i r r in g .
7. M a d e  in  2, 4 a n d  6 u n i t  a s s e m b lie s .

BRAUN M odel CB E lec tro ly tic  o u tfit  for heavy  
ro u tin e  d e term in a tio n s  h as a lready ach ieved  a 
w orld w id e rep u ta tio n . T h e  new  M odel PC is  a 
w orthy co m p a n io n  w h ere d e te r m in a tio n s  are n o t  
l im ite d  to  a s in g le  m e ta l.

G e t c o m p le t e  in f o r m a t io n .  W r i te  D e p a r tm e n t  1-5  
f o r  B u l le t in  C -112 to d a y .

B RAU N
CORPORATION

2260 E. 15th  S tree t, Los A n geles, C a lif., U . S . A.
S a n  F r a n c is c o  S e a t t l e ,  W a s h i n g t o n

B r a u n - K n e c h t - H c im a n n - C o .  S c ie n tif ic  S u p p lie s  C o .

ACTUAL SIZE □ — >

This unique calom el electrode is m erely one of 
the m any exclusive features of the Beckman G lass 
Electrode pH Meter.

For com plete  d escrip tion  w rite  to

N ational Technical Laboratories
3330 E. C olorado S treet P a sa d e n a . C alifo rn ia

The com plete  e lectrode  is illu stra ted . No 
a cc esso rie s  n e ed e d . No e x te rn a l KC1 re 
servoir. No ru b b e r  tu b in g . No cap illa ry  
tip  to clog. The g ro u n d  g la s s  sleev e  p re 
v e n ts  the  co n tam in a tio n  ch arac te ris tic  of 
e x p o sed  c ap illa ry  junctions. The m ercury  
a n d  calom el a re  p la c e d  in  th e  tip  of the 
e lectro d e  so th a t tem p era tu re  equ ilib rium  
w ith  the  tes t sam p le  is  qu ick ly  a tta in ed . 
E asily  c le an e d . A d e q u a te ly  in su la ted . 
P o ten tia ls  a cc u ra te ly  rep roducib le .

A C C U R A T E  1

S I M P L E !

S M A L L !
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W H A T M A N  Extraction

Thimbles for Extractions

and Dust Determinations

WHATMAN Extraction Thimbles 
are absolutely seamless, of uniform size 
and wall thickness and thoroughly ex
tracted with ether. They are available 
in fifteen regular sizes in both single and 
double thickness. Extra large thimbles, 
also asbestos fibre thimbles for the 
determination of dust in hot gases are 
available to special order.

WHATMAN Extraction Thimbles 
are packed in boxes of 25 thimbles 
each and are available from all dealers 
in Laboratory Supplies. Specify 
W HATMAN when ordering thimbles 
—you will like them.

H . REEVE A N G E L  & C O ., IN C . 
7-11 S P R U C E  S T ., N E W  Y O R K , N . Y.

IT IS A GIFT 
OR IS IT?

C a l ib r a t in g  and  e tc h in g  
pipettes, thermometers and 
the hundred and one different 
types of precision glassware so 
im portant to you, calls for a 
delicate skill. Workmanship 
m ust be u tte rly  precise and 
yet so rapid th a t  prices to you 
may be reasonable. Here spe
cialized training is of u tm ost 
im p o r t a n c e —a c c u r a te ,  m e 
chanical aids are essential. The 
reputation for quality th a t  Will 
Corporation has earned in this 
exacting field is your guarantee 
of satisfaction.

C O R P O R A T I O N  

R O C H E S T E R ,  N.  Y.
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W r ite  f o r  C a ta lo g  406-P

A m i n c o . . .

S U P E R P R E S S U R E  
E Q U IP M E N T

J  M IN C O  t e c h n ic ia n s  a n d  d e s ig n e rs  a r e  w ell versed  
J ±  i n  t h e  t e c h n iq u e  o f  s u p e rp re s s u rc  e q u ip m e n t ,  
a n d  th e i r  se rv ice s  a r e  a v a ila b le  fo r  t h e  d e v e lo p m e n t 
o f  a p p a r a tu s  fo r  th e  u t i l i z a t io n  o f  h ig h  p re s s u re  
a n d  t e m p e r a tu r e  f o r  th e  in v e s t ig a t io n  o f  c a ta ly t ic

c h e m ic a l  r e a c t io n s ,  
o n  a  l a b o r a to r y  o r  
se m i-w o rk s  sc a lc , to  
m e e t  sp ec ific  n e e d s .

I llu s tr a t in g  
th e  A m in c o  
B  o  m  b  -  
S h a k e r  
w ith  3000 
m l .  e l e c 
t r i c a l l y  

h e a te d  b o m b — d e
ve lo p ed  b y  A m in c o  
fo r  s y n t h e t ic  h y 
d r o g e n a tio n  o f  o r 
g a n ic  s u b s ta n c e s  
u n d e r  h ig h  p res
su r e  a n d  te m p e r a 
tu r e .

L A B O R A T O R Y  FURNITURE 
for RESEARCH and CONTROL

S T A N D A R D  D ES IG N S  or S P E C IA L  E Q U IP M EN T
in M E T A L  and W O O D

Would you care to visit a recent Sheldon Installation in your 
vicinity? —  Over 200 in 1936.

A  letter or w ire w ill bring, without obligation, the planning 
facilities that have served the Nation's Laboratories for more 
than a Third of a Century.

E. H. SHELDON and CO.
M U S K E G O N  d e p t , ic  M IC H IG A N

A m e r ic a n  In st r u m en t  C o  ., Inc.
8010-8020 Georgia A ve . Silver Sprins, Mi.

■the latest Book on Corrosion

. . the Boole everybody is talking about
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M O LY B D EN U M  A L L O Y S  IR O N  A N D  STEEL STA IN LESS  STEEL

CORROSION RESISTANCE OF METALS AND ALLOYS
By R. J .  M c K a y  and Robert  Worthington  

A . C S. Monograph No. 71

Practical information on the lasting powers of the common 

Metals and A llo ys, for the Engineer— Chemical, M etal

lurgical, Mechanical, Civil, Electrical, Hydraulic, etc.

490 p a g e s — 64 d ia g r a m s — 364 ta b le s — 12 p h o to g r a p h s —$7.00

R E I N H O L D  P U B L I S H I N G  C O R P O R A T I O N
330 West 42nd St., New York City 

D e ta i l s  m a i l e d  up o n  req u es t
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This work will be of service to all who have to do with Metals—


