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Please forward to me a copy of the new “ PYREX” Laboratory Glassware Catalog, No. L P21.

Name-----------------------------------------------------------------------Position____________________

Company or Institution _

Address_____________________________________________________________ _ _ _ _ _ _ _ _

City------------------------------------------------------------------------- State------------------------------------
Please place my name on your regular mailing list O

“ Pyrex” accurate 6o° Fluted Funnels are the fastest. 
Prove it to your own complete satisfaction! Try 
them out in your laboratory and see how  they com 
pare with others. W hen you’ve done that, you, too, 
w ill say “Pyrex fluted funnels are fastest.”

The reason these funnels w in out in actual com 
parison is because they provide practically double 
the effective filtering area o f ordinary funnels. That’s 
the secret o f their faster filtering speed. Further
more, they give a close paper fit—som ething that’s 
hard to get with smaller-angle funnels.

Use “Pyrex” accurate 6o° funnels, and you’ll be 
pleased not only with their speed but also with the 
long  service they give. They are the only funnels 
made of Balanced Glass; thus, they’re mechanically 
strong, chemically stable, and thermally resistant. 
Rims and stems are fire-polished, too, to assure 
greater strength and longer service.

A ll Pyrex brand funnels— fluted and plain— are 
now available from your laboratory supply dealer at 
new low  prices, as listed in Catalog LP21.

“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  ♦ C O R N I N G ,  N . Y .

S E N D  F O R  T H E  N E W  C A T A L O G  N O W
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as a m atter of re c o rd ..

Merck & Co. Inc. is a N ew  Jersey corporation. It is an independent com 

pany, owned by approximately 2,600 stockholders, most o f  whom  are citizens 

o f  the United States and reside in the United States. In fact, less than 5/l00ths 

o f  1 per cent o f  the stock is held outside o f  this country. The company is con

trolled and managed by United States citizens.

Merck & Co. Ltd., o f  Montreal, Canada, is a wholly-ow ned subsidiary o f  

Merck & Co. Inc. W ith  this exception, Merck & Co. Inc. is not connected, 

directly or indirectly, w ith any firm o f  similar name.

Although there are a number o f  other companies bearing the name "Merck” 

in  various parts o f  the world, none o f  these companies is in any way connected  

w ith  Merck & Co. Inc. or Merck & Co. Ltd.

Merck & Co. Inc. and Merck & Co. Ltd. are devoting their full energies to the 

service o f  their many customers, including the United States Government, the 

Canadian Government, and the British Government under the Lend-Lease Act.

This statement is published as a matter o f  record and in justice to all con

cerned.

MERCK &  CO. Inc. ¿ ka,,u/act,,r.¡,,9 ce /< M  RAHW AY, N. J .
N E W  Y O R K  • P H IL A D E L P H IA  • S T . LO UIS

In  C anada: Merck & Co. Ltd. • Montreal and Toronto

iÿt'ne c€ /em ica fó  foal t / e  &icfocáátcná erne/ ffïn ce  4848
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GENERAŁ ©  ELECTRIC 
X-RAY CORPORATION
2012  JA C K SO N  t lV D . CHICAGO# III.« U. S . A*

P le a se  » en d  m e c o m p le te  in fo rm a tio n  a b o u t  th e  G-E XRD X-Ray 
D iffraction  U nit a n d  its a p p lic a t io n  to  a n a ly tic a l p ro b le m s.

N am e .

j .
P osition .___________________________________________  .

C om pany ,____________________________________________ ___________

(Pfease attach to, o r  write on, your com pany letterhead)

■ S IG N  a n d  M A I L ,  T O D A Y -

T ’S no secret that fre q u e n cy  contro l o f many oscilla ting  
e lectrica l circuits em p loyed  in v ita l d efense  a p p a ra tu s—  

ra d io  transm itters and  rece ivers, a irc ra ft beam  ind icators, 
a irc ra ft a nd  subm arine detecto rs— depends upon q u a rtz  
crystals.

N o  secret e ither, is the fact that ha ir-lin e  accurate  m easuring 
methods to check the e lectrica l axe s o f the crystals are  o f 
extrem e im portance  in the m anufacture o f these contro l 
units. Using the G -E  X R D  Unit, m anufacturers have found  
in x -ra y  d iffra ction  a satisfactory m ethod o f a n a lyz in g  
uncut crysta ls and  determ in ing  the p ro p e r d irection  o f 
cutting. X -R a y  d iffra ction  does the jo b  faster, fa r  m ore 
a ccu ra te ly  than ever b e fo re , a n d  contributes a va lu a b le  
saving o f both  time and m aterial.

The  XRD G o n iom eter Assem bly illustrated  below  is one of 
several types o f h ig h ly  e ffic ient instrum ents used by quartz 
crysta l m anufacturers. The G -E  X R D  U n it is d es igned  for 
p rec is ion  research and contro l ana lyses. It em bodies the 
safety, convenience , f le x ib ility , ease o f op era tion , and 
a d a p ta b ility  that a re  re q u ire d  fo r  e ffective  utilization of 
the x -r a y  m ethod.

M o d e rn ,p ro g re s s ive  ana lytica l la b o ra to rie s  have been'quick 
to  re c o g n ize  the G - E  X R D  Unit as a d e p e n d a b le  "problem  
so lver." If, in y o u r  la b o ra to ry , you  have  a p rob lem  that has 
yo u  stum ped, w h y  not d o  th is : Use the conven ien t coupon 
to request full in fo rm ation  a b o u t the G -E  XRD Unit and its 
a p p lica tion  to  y o u r  p rob lem . The  services o f o u r X-Ray 
D iffraction  L a b o ra to ry  staff a re  yours fo r  the asking; 
ad d ress yo u r request to D epartm ent R39
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H O S K I N S  PRODUCTS
ELEC T R IC  H EA T T R E A T IN G  F U R N A C E S  • • H E A T IN G  E LEM EN T  A L L O Y S  • • T H E R M O C O U P L E  A N D  

LEAD W IRE • • PYROM ETERS • • W ELDIN G W IRE • • HEAT RESISTANT CASTIN GS • • ENAM ELING  

fIXTURES • • SPARK PLUG ELECTRODE W IRE • • SPECIAL ALLO YS O F N ICKEL • • PROTECTION TUBES

allow
possible Chromel wire. For 
example, the 110-V  wire is 
.0 7 2 ' d ia ., for 110 and 220 
it would be .045 r .

IN S U L A T IO N ^
The insulation is 4 1/* ' thick 
all around. The furnace is well 
m ade in a ll respects. W e 
don’t build a  "cheap"  fur
nace, because a  cheap fur
nace can’t be good. Hoskins 
Furnaces are cheaper In the 
long run.

Hoskins electric laboratory furnaces deliver 
the goods, month in and out. Their Chromel 
Units are durable— almost beyond belief. 
W e don’t invite you to abuse these furnaces, 
but if yo u  must force them through an emer
gency, y o u ’ ll see what a good factor of 
safety has been built into them. Hoskins 
Furnaces are dependable. W rite to your 
dealer or us. . . . Hoskins M anufacturing 
Com pany, Detroit, M ich .

#  W hen the unit wears out, a ll you need to 
buy is the Chromel wire itself, which 
comes as a coil.

#  Y o u  install the Chromel wire merely b y  
wrapping it around the grooved muffle.

O  This furnace can be had, equipped with a 
small inexpensive pyrometer and couple.

#  The sliding door saves heat. To  remove a 
crucible you  don ’t need to open the door 
a ll the w ay.

•  The turns of the Chromel co il are "co n 
densed”  to compensate for heat losses at 
the door.

#  These furnaces are ava ilab le  as muffle, 
carbon combustion and small crucible 
types, g ood  for 1850-2000° F.
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Exchequer W ine Gallon 
was a standard measure 
when Queen Anne ruled.

STANDARD FOR ANALYSIS
A pparatus of the utm ost sensitiv ity  is used for the scientific control 

w hich m akes M allinckrodt A nalytical R eagents conform to exacting, 

predeterm ined standards of purity. T h ese  chem icals m eet, in every  

way, the high requirem ents of the analytical chem ist in gravimetric, 

gasom etric, colorimetric, or titrim etric work.

S E N D  F O R  C A T A L O G U E  O F  M A L L IN C K R O D T  A N A L Y T I C A L  

R E A G E N T S  A N D  O T H E R  C H E M IC A L S  F O R  L A B O R A T O R Y  U S E .

A lw a y s  Specify Reagents in M anufacturer’s  Original Packages

MALLINCKRODT CHEMICAL WORKS
S T .  L O U I S  • P H I L A D E L P H I A  • M O N T R E A L  

C H I C A G O  • N E W Y O R K  • T O R O N T O
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VINELAND, N. J
• C H I C A G O
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A.H.T. CO. SPECIFICATION

BEAKER RINGS f o r  WATER BATHS
BEAKER RINGS, A.H.T. Co. Specification, of HR-108  

H eat-Resisting Rubber. For attachm ent to glass, metal or 
porcelain beakers to form a removable supporting flange so 
that they can be immersed in water or steam baths at variable 
depths to control or accelerate evaporation. Evaporations 
can be made in  situ  at a rate which compares favorably with 
that obtained when using porcelain dishes. See J. A. Scherrer, 
“Rubber Beaker Rings for Accelerating Evaporation on Steam  
Bath,” Industrial and Engineering Chemistry, Anal. Ed., 
Vol. 5, No. 1 {Jan. 15,1933), p. 22.

Rings have rectangular cross section and are made of the same composi
tion as HR-108 Rubber Stoppers and will withstand continued use directly 
on metal or porcelain tops of steam or water baths without apparent change 
in shape or size.

Sizes listed below, when wetted, slide readily over most types of beakers 
with capacities of from 200 to 1000 ml, but the outside diameter of the 
beaker, as well as the inside and outside diameters of the ring and inside 
diameter of water bath opening, must be noted carefully w'hen ordering 
rings because of wide variation in shapes and makes of both beakers and 
bath openings. Rings should be selected with inside diameter slightly 
smaller than the beaker but they have considerable elasticity and can be 

2146-A. attached without difficulty, even though the difference in diameter is as
much as Vie-ineh.

2146-A. Beaker Rings, of HR-108 H eat-Resisting Rubber, as above described.
Inside diameter, inches...............................  2Vj 27/ s 3‘/< 3l5/i«
Outside diameter, inches............................  3J/< 4J/is 45/s 5!/<
Thickness, inches......................................... ’/s Vs ‘/i V*
Fits Griffin beakers, ml...............................  250_____________400____________ 600____________ 1000
Each................................................................................ 13 .15 .21 .29
Code Word......................................................1 tjpy Atjuo Alkac Atkim

10% discount in lots of 12, one size only 
20% discount in lots of l/+4i assorted sizes

W A X
A.H.T. CO.

HEAT RESISTANT
WAX PENCILS, H eat Resistant, A.H.T.

Co. Consisting of high melting point wax, 
with superior, uniform, smooth writing 
qualities, enclosed in hard, rolled paper 
finished in the same color as the wax.

For writing on glass, porcelain, etc., but 
also suitable for skin marking. Markings 
will withstand hot air or steam pressure 
sterilization and the heat of boiling flasks, 
etc., without spreading or blurring.

When used on porcelain and fired at a low 
red heat, markings with the Brown pencil
penetrate the glaze and become permanent. 7964 ^

7964-D. Pencils, Wax, H eat Resistant, A.H.T. Co., as above described, packed in cartons of one dozen of a color.
Color.................... White Blue Black Red Yellow Brown
E ach............................. 15 .15 .15 .15 .15 .15
Code Word  Lyxce Lyxcq Lyxcs Lyxdm Lyxdo Lyxgi

10% discount in carton of one dozen, one color only.
20% discount in lots of 72 \  , , , • carton units
25% discount in lots of 1U  i ’

ARTHUR H. TH O M A S COMPANY
R E T A IL  — W H O LESA LE— EX PO RT

LABORATORY APPARATUS AND REAGENTS
W EST  W ASHIN GTO N  SQ U A RE, P H ILA D E L P H IA , U. S . A .

Cable Address, “Balance” Philadelphia
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P U B L IS H E D  B Y  T H E  A M E R IC A N  C H E M IC A L  S O C IE T Y  •  H A R R IS O N  E .  H O W E , E D IT O R

Chemical Factors in the Determination of Water 
in Insulating Oil

A New Electrical Method

R . N . EVANS, J . E. DAVENPO RT, a n d  A. J . REV UK AS  
C on so lid ated  E d ison  C om p any o f  N ew  Y ork, In c .,  B rook lyn , N . Y .

T he presence o f sm a ll q u a n titie s  o f  w ater  
in  in su la tin g  o il seriously  im pairs its  u se 
fu lness in  electr ica l eq u ip m en t. T h e  need  
for an accu rate  as w ell as rapid m eth o d  for 
its d e term in a tio n  ca n n o t b e overem pha
sized. T h e  p resen t paper describes th e  
experim ental m od ification s o f  th e  com b u s
tion  procedure d irected  tow ard low ering  
th e  hydrocarbon correction . T h e in fluence  
o f tem perature in  th e  rem oval o f  th e  w ater  
from  oil and  th e  lim ita tio n s  o f  th e  G rig- 
nard procedure are exp erim en tally  d em on 
strated . A n electr ica l m eth od  is briefly  
described an d  it s  ap p lication  to  a field  d e
term in ation  o f  w ater is  p o in ted  o u t.

IN RECENT years several chemical procedures have been 
advanced which claim specificity for the estimation of 

water in organic liquids.

The Fischer method (<?), worked on extensively in this country 
by Smith, Bryant, and Mitchell {12), depends on the oxidation 
of sulfur dioxide by iodine in the presence of water. The latter 
authors first worked out the estimation of water by acetyl chlo
ride, which was adapted by Clark to the determination of water 
in transformer oil. Because of the color of an insulating oil and 
the probable presence of interfering substances in the original oil 
sample, it appears likely that in any chemical procedure the water 
first must be removed from the oil, as, for example, in the pro
cedure described by the authors (4). The chief difficulties with 
the Fischer method and the acetyl chloride method in their ap
plication to oils are the estimation of peroxides in the former 
method and the estimation of volatile acidity in the latter, 
two additional methods involve the use of a-naphthoxydichloro- 
phosphine (0), which is not specific to the OH group of water, 
®nd of benzoic anhydride (11). The Grignard reagent has also 
been suggested by Larsen (7) as a possibility for determination 
of traces of water in oils.

In the method (4) which the authors have described, the 
volatile carbonaceous material and the free water, after being 
trapped out by the use of a Dewar flask containing solid car
bon dioxide, were carried into a combustion furnace. The

products of combustion and the free water were absorbed in 
microchemical absorption tubes and weighed as carbon di
oxide and gross water. The net water was obtained by ap
plying an empirical correction ratio of water to carbon di
oxide.

The accuracy of the method depends on the use of the cor
rect ratio of water to carbon dioxide and the weight of carbon 
dioxide obtained in each experiment. Some knowledge of 
the former was obtained by continuing the experiment for 1 
liter of nitrogen after the water weight had fallen to a mini
mum. The la tter factor was greatly reduced by a change in 
procedure which is described in this paper. The ratio adopted 
for the mineral oil type of transformer oil was 0.3 and for the 
noninflammable synthetic oil 0.2. Carbonaceous material 
vaporized from a mineral oil which would be retained by the 
solid-carbon dioxide trap  would be expected theoretically to 
have a  water-carbon dioxide ratio of between 0.2 and 0.5. 
The higher than theoretical ratio (0.1) for the synthetic non- 
inflammable oils m ay be due to  partially chlorinated com
pounds below C2„H„C1„ or to organic impurities absorbed in 
the operation of the transformer.

A pparatus
The modifications in the apparatus were directed toward the 

reduction of the amount of carbonaceous material entering 
the combustion furnace. I t  was found th a t the magnitude 
of the correction was greatly reduced by means of an oil 
scrubber in the train where preferential solution of the oil 
vapors took place. The change in procedure for the deter
mination of water in oil is apparent from a description of the 
new section of the apparatus as shown in Figure 1. This sec
tion replaces D and F  in Figure 1 of (4). (In 5, page 301, in 
the description of the apparatus, “cell E ” should read “cell 
D").

One hundred milliliters of oil were introduced into G through 
the serum rubber stopper and stopcock D after the residual 
water in the train had been removed. Approximately 10 ml. of 
Apiezon oil (an oil of low volatility used in high vacuum prac
tice) were also added to cell B. Purified nitrogen gas in small 
bubbles formed by the porous fritted disk, A, carried the water 
from the oil sample into the solid carbon dioxide trap, E. During 
this period, scrubber B was maintained at a temperature of 
100° C. When the removal of water was complete, the Dewar flask 
was removed and the nitrogen was directed around the oil sample 
cell hy means of the three-way stopcock G. In this manner the
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F i g u r e  1. I n t e r c h a n g e a b l e  A p p a r a t u s  f o r  D e t e r m i n i n g  
W a t e r  i n  I n s u l a t i n g  O il

A . Porous fritted  disks
B. Apiezon oil cell
C. Oil sample flask
D. Serum rubber stopper and stopcock
E. D ry ice trap
F. E xternal spiral coiled heater
G. Three-way stopcock

trapped water in E, together with any volatile products, was 
carried through scrubber II, which was maintained at room tem
perature, into the combustion furnace. An external coiled 
heater, F, prevented frothing in either B or C. When the oil 
was of the halogenated type a  spiral tube containing silver oxide 
maintained at a temperature of 400° C. was put in place at the 
exit end of the combustion furance. As is shown below, the tem
perature of the oil sample must be considered in connection with 
the removal of water. A safe maximum temperature would ap
pear to be the average operating temperature of the oil. One 
may also be guided by the condition of the oil as revealed by 
chemical tests. Unless otherwise stated, a  new mineral oil or the 
average nonflammable synthetic oil was heated to 105° C. 
during the passage of 2 liters of nitrogen, whereas for a used 
mineral oil the passage of 5 liters of nitrogen was carried out at 
50° C. or at room temperature.

E fficiency o f  A piezon Scrubbcr in  D im in ish in g  
Carbon D ioxide C orrection

In  Table I  is illustrated the reduction of the carbon dioxide 
correction by the use of the Apiezon-oil scrubber. When the 
oil scrubber was maintained a t an elevated temperature, it 
was apparently ineffective in retaining carbonaceous material 
(experiments 3 and 3A). However, when the scrubber was 
maintained a t room temperature it lowered greatly the quan
tity  of oil vapor entering the combustion furnace. The 
adopted carbon dioxide-water correction apparently would 
have enabled one to obtain the correct results (experiments 3,

T a b l e  II. E f f e c t  o f  T im e  o f  H e a t in g  a n d  T e m p e r a t u r e  on  
R e m o v a l  o f  W a t e r  f r o m  S a m p l e  6 (1 0 C  O il ) ”

Oil
Sample

E xpt. Tem pera- W eight of Gross Net,
No. tu re  Sample N j HtO CO2 HjO

0  C. Grams Liters P. p. m. P . p. m. P . p. in.

3
4
4 (con

tinued) 
4 (con

tinued)

125
125
25
25

125

125

56 
87 
87
57

1
1.5
4

17
4 additional

59
99
29
34

112

26
31
20
17
17

51
90
23
29

107

18 additional 34 11 31

T otal w ater found in Expt. 4 167

1 Scrubber of Apiezon oil a t  room tem perature.

3A, A-16, and A-l) without the scrubber even where large 
amounts of carbon dioxide were obtained. The correction 
due to the solubility of water in the Apiezon oil is negligible, 
as was indicated by continuing the experiment until an addi
tional liter of nitrogen had passed through the train (experi
ment 3A).

Effect o f  T em p eratu re on  R em oval o f  W ater  
from  Oil

The experimental results on many oil samples indicated 
th a t if an oil sample were heated while the water was being 
removed into the solid carbon dioxide trap high results were 
obtained which depended in magnitude on the time of heating. 
This effect was more evident in the mineral oil than in the 
nonflammable synthetic oil. Furthermore, the used trans
former oils exhibited this effect to a greater degree than the 
new oils. In  Table II, the results on a sample of used trans
former oil (mineral oil type) are given. W ien  experiments 1 
and 2 are compared with experiment 3 (Table II, last column) 
the magnitude of the error involved is clearly illustrated. 
Thermal decomposition of oxygenated compounds was re
sponsible for the formation of the additional water, although 
the residual dissolved oxygen gas in the sample might have 
played a minor part. In  experiment 4 after 17 liters of nitro- 
gen had passed through the oil sample a t room temperature 
a very large increase in water content occurred when the tem
perature of the oil sample was raised to 125° C. Further 
heating yielded comparatively little additional water, indi
cating th a t oxygenated compounds were present in a limited 
amount. The completeness of removal of water a t room 
temperature was indicated by the fact th a t the 4-liter run 
(experiment 3) yielded very little less than the 17-liter run 
(experiment 4). Thus by continued heating a t 125° C. for 
a period involving the passage of 22 liters of nitrogen, an oil 
sample actually containing 30 p. p. m. of water was shown to 
behave as if 105 p. p. m. of water were present.

T a b l e  I . E f f ic ie n c y  o f  A p ie z o n  S c r u b b e r  in  D im in is h in g  t h e  C a r b o n  
D io x id e  C o r r e c t io n

Tem perature 
Oil Oil Gross Net,

Expt. No. Oil Type scrubber 
° C.

sample 
° C.

HjO
Mg.

CO* 
Mli.

H*0 
P. p. m.

C 0 2
P. p. VI.

II iO
P. p. tn.

3 Used 10C'1 25 125 3.5S 1.35 33 13 29
3 A Used 10C 110 125 4 .75 S .00 62 105 31
3A (contin

ued)
1 additional 

liter Ni
0.14 0.43

52A -l 5 New 10C Absent 25 3.34 5.80 108 187
A-15-A New 10C 25 25 2.14 0.91 50 21 43
A-l N. S. 0.*> Absent 125 11.57 9.55 116 96 97
A-16 N. S. O. 25

* M ineral oil type of transform er oil. 
•> Nonflammable synthetic oil.

125 3.87 0 .58 102 15 99

B ehavior o f  G rignard R eagen t in  D eter
m in a tio n  o f  W ater in  Oil

The application of Grignard reagent to the 
determination of water in oils showed tha t after 
making allowance for the acid content deter
mined on a duplicate oil sample the residual 
active hydrogen content of the oil sample is too 
large to be neglected. The term  “residual ac
tive hydrogen” may be conveniently applied to 
the active hydrogen other than tha t of water 
and acids. Alcohols, amines, phenols, and 
acids too weak to be titrated  may be considered 
to be the source of the residual active hy
drogen.
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T a b l e  III. C o m p a r is o n  o f  R e s u l t s  o f  G iu g n a r d  a n d  C o m b u s t io n  
M e t h o d s

(Single oil sample a t  25° and 125° C.)
Combustion

Temperature of 
Oil Sample

N eutrali
zation

Num ber

,---------------G r ig n a rd --------------*
M ethane Evolved Calculated'1 
Found Corr.t» W ater W ater

Equiva
lent

methane
0 C. 1\  p. in. P. p. VI. P. p. in. P. p. VI. P. p. VI.

25 0.36 22CC 123 69 10 21

125 Distillate
Residue

0.04
0.31

95
175

67
92

38
52

T otal 159 90 30 54
® lHiO =» 2CH<- Acidity deducted using relation 1(H) «  IC II4 .
& Blank deducted. Acidity deducted using relation 1(H) =  IC H 4. 
e Grignard reaction carried out in a  mixture of 30% ether and 70% 10C oil.

It was first observed tha t the character of the oil sample 
(petroleum origin or chlorinated aromatic) influenced greatly 
the yield of the reaction. This phenomenon has been 
described by Hibbert and co-workers (.S’) . I t  could be mini
mized by maintaining a large ratio of isoamyl ether to the 
oil sample. An attem pt was made to analyze with the Grig- 
nard reagent the two fractions formed in the combustion 
procedure. The material which was condensed in the solid 
carbon dioxide trap  (cell 2) is referred to in Table I II  as the 
distillate and th a t which remained in the oil cell (cell 1) as 
the residue. In  a  separate experiment, the acidity of the dis
tillate and residue was determined by titration by means of 
a capillary syringe without removing either from the analyti
cal train. The results bring out several points of interest. 
The large increase in water resulting from its removal from 
the oil sample a t an elevated temperature (30 p. p. m. as com
pared to 16 p. p. m.) confirmed the results reported in Table 
II.

The major portion of the acid for this particular mineral 
oil sample was nonvolatile. In experiments with non
flammable synthetic oil carried out in a similar manner, the 
entire acid content remained in the residue. The residual 
active hydrogen appeared to a limited extent in the distillate 
(cf. 54 and 67 p. p. m. methane). After due allowance was 
made for the influence of the solvent and after the methane 
equivalent to the acid had been deducted, there was an ap
parent increase in the active hydrogen content of the oil 
sample as a result of heating to 125° C. (cf. 123 with 67 +  92 
= 159 p. p. m. methane). This discrepancy (159 — 123 = 
36 p. p. m.) was in good "agreement with the difference be

tween the calculated methane from the water 
obtained a t 125° and 25° C. (54 -  21 =  33 
p. p. in.). Except for the possibility of oxida
tion a t the elevated temperature due to dis
solved oxygen initially present in the oil sample, 
a probable explanation of the anomaly was re
lated to the facts th a t ketones may enolize a t 
the elevated temperature and th a t alcohols may 
split off water which under optimum conditions 
would yield two moles of methane as compared 
to a yield of but one mole of methane from the 
original alcohol.

___________  I t was concluded th a t the results of the
Grignard test when expressed as evolved meth
ane may be used only as an index of the 

stage of oxidation of an insulating oil. Based on experi
mental results with the microgravimetric procedure devel
oped in this laboratory, it was considered extremely uncertain 
to ascribe the evolved methane to any particular chemi
cal reactive group or compound after an acidity correction 
had been applied. Results of even greater uncertainty may 
be expected in the estimation of the Grignard added. The 
establishment of an oxygen balance by means of the results 
of the Grignard test did not appear to be of general applica
tion in the light of experimental work.

RP.m.HjO

F ig c r e  3. R e l a t io n  b e t w e e n  E l e c t r ic a l  R e s is t a n c e  o f  
H y g r o m e t e r  a n d  W a t e r  C o n t e n t  o f  I n s u l a t in g  O il s
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T a b l e  IV. S o l u b il it y  o f  W a t e r  i n  N e w  I n s u l a t in g  O il s  a t  
R o o m  T e m p e r a t u r e

Tem pera ------H îO -
tu re  of C lark's

Oil Oil values
Expt No, T ype Sample CO* Gross N et a t  25° C.

° C. P . p. m. P . p. m. P . p. m. P . p. m.
A-17 10C 25 7 46 44
A-15-a 10C 25 21 50 43 *75
A-15-b IOC 125 32 57 47
A-16-a N. S. O. 25 6 103 102 Î2Ô

(Pyranol)
A-16-b N. S. O. 125 15 102 99 ,,,
A-12 5314° 125 7 54 52 70
° M ineral oil type  of high-voltage cable oil.

Oil samples were prepared by  shaking with an excess of w ater a t  50° C. 
and  cooling to  room tem perature. The satu rated  10C oil was repeatedly 
decanted, the  N . S. O. was repeatedly draw n off in a separato ry  funnel, 
and the 5314 oil was centrifuged.

S o lu b ility  o f  W ater in  In su la tin g  O ils a t  R oom  
T em p eratu re

In  a paper by Clark (2) the solubility of water in new 
Pyranol, transformer oil, and high-voltage cable oil was 
given. In  connection with checking the precision of analyti
cal trains, the authors prepared stock saturated solutions of 
the oils with respect to water a t room temperature, which for 
purposes of comparison m ay be considered to be between 20° 
and 25° C. The saturated values determined together with 
Clark’s values are listed in Table IV.

E lectric  H ygrom eter

The need of an apparatus for the determination of water in 
oil which would operate satisfactorily in the field is very ap
parent. W ith this in mind, the electric hygrometer described 
by Dunmore (3) was adapted to a procedure which removed 
the water from the oil a t a temperature not greater than the 
normal operating temperature of the oil. In  Figure 2, a 
schematic drawing of the apparatus is shown.

The oil was introduced by syringe through E, spraying into 
the evacuated chamber through the porous fritted disk, A. Dur
ing this operation, the stopcock above D remained closed and the

cold trap, C, was surrounded by a bath of dry ice. Stopcocks F 
and G were then closed and the contents of the trap and coil 
raised to some convenient temperature. The resistance of the 
film was measured either by a General Radio megohm bridge, 
as extended by Balsbaugh et al. (/), or a modified Jones and 
Joseph bridge (10) with a cathode ray tube as a null detector with 
three stages of amplification.

In  Figure 3 is shown a plot of the logarithm of the resistance 
against the water content of the oils as determined by the 
combustion procedure. The drift in the resistance readings is 
illustrated by the insert curves. The change in resistance 
with time, although of a larger magnitude a t  the higher 
measured resistance, in term s of water content, is approxi
m ately the same as a t the lower measured resistance. The 
resistance readings on the main curve were taken in each case 
after a 5-minute delay period.

Experiments are in progress on the simplification of the 
hygrometer construction and the selection of a  more 
rugged alternating current resistance bridge of a suitable 
range. The method shows every promise of working out 
satisfactorily in the field.

A ck n ow led gm en t
The electrical bridges described in this paper were con

structed in this laboratory under the direction of W. F. 
Davidson, director of research.
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A Laboratory Condenser

M ILTO N  T . B U S H , V a n d erb ilt U n iv ersity  
S ch o o l o f  M ed ic in e , N a sh v ille , T e n n .

COOLING agents more effective than tap  water are often 
needed in the laboratory condenser. In  the ordinary 

straight condenser it is not convenient to  use ice or other such 
refrigerant. The single-spiral condenser, suitable for down
ward distillation, does not usually have sufficient capacity for 
refluxing.

The double-spiral condenser shown was designed primarily 
to fill the need of an ice condenser which could be used for 
both downward distillation and refluxing. The coils are 
made from Pyrex glass tubing 9 mm. in inside diameter, and 
are carefully wound so that there are no traps in which liquid 
can accumulate.

I t  is apparent from the figure tha t tap water, ordinary ice, 
or solid carbon dioxide can be used as cooling agents.

This condenser has been par
ticularly useful in this laboratory 
during the summer, when the tap 
water is often above 30° C. It 
has been very effective in the prepa
ration of such products as acetalde- 
hyde, hydrogen cyanide, and diazo- 
methane. The ascending coil is an 
effective barrier against the evapo
ration of condensate.

T h e  sp e c im e n  sh o w n  was 
fabricated by the Scientific Glass 
Apparatus Company, Bloomfield, 
N. J.



Quantitative Determination o f Dissolved Oxygen
Ascorbic Acid Oxidase Method

PAUL F . SH AR P, DAVID B. HAND, A ND E. S . G U T H R IE  
Cornell U n iversity , Ith n ca , N . Y.

D ISSOLVED oxygen exerts the controlling role in many 
processes occurring in biological fluids. T hat this is 

true of milk has been amply demonstrated (Jh 8 ,18, l/t). I t  
is evident th a t to understand and control these oxidations a 
knowledge of the dissolved oxygen content is highly impor
tant. A simple rapid method for the determination of dis
solved oxygen in milk is needed, especially a t the present time, 
in view of the possibility of commercially dcaerating pas
teurized milk to preserve its vitamin C content and prevent 
the development of the oxidized flavor.

Methods for determining dissolved oxygen fall into several 
general classes.

The dissolved gases may be removed, the volume of mixed 
gases measured, and the mixture analyzed for carbon dioxide, oxy
gen, nitrogen, and water vapor. Complete removal of the dis
solved gases is difficult and heating of the liquid in conjunction 
with reduced pressure is recommended (10). During the time 
required for removal at the temperatures recommended, some 
of the oxygen may react with other constituents of the biological 
fluid. This method is time-consuming and requires rather elabo
rate apparatus.

The amount of dissolved oxygen present in water low in or
ganic matter, and from which certain interfering inorganic sub
stances are absent, can be determined by adding to the water 
reagents that react quantitatively with the dissolved oxygen 
(3,17). The well-known YVinkler (1, 17) method is of this type. 
These methods are not applicable to biological fluids because the 
reagents are relatively strong, are not specific for oxygen, and 
react with organic material.

Methods have been described based on the reaction between 
dissolved oxygen and any one of a scries of reducing agents to 
produce a colored compound, the amount of which is determined 
colorimetrically (9, 11,18). Alkalies or acids are used to acceler
ate the reaction.

A quantitative method for dissolved oxygen, based on its 
reaction with reduced ascorbic acid added to the liquid, is re
ported in this paper. The reaction is completed in 5 to 15 
minutes a t 25° C., within the pH range 5.0 to 7.5.

In general, the literature indicates tha t one atom of oxygen 
reacts with one molecule of reduced ascorbic acid to form one 
molecule of dehydroascorbic acid. From the standpoint of a 
desirable analytical method the reaction in milk between dis
solved oxygen and reduced ascorbic acid is too slow.

In the authors’ early studies, after adding ascorbic acid, the 
reaction was catalyzed, by adding 1 mg. per liter of copper as 
copper sulfate, after which the milk was kept cold for 2 days and 
the decrease in ascorbic acid was determined. Mixtures of de
aerated and aerated milk were prepared and the composition of 
the mixtures as determined by oxygen content was found to agree 
within 1 to 2 per cent with the composition of the mixtures as pre
pared by weighing.

Next, work on the photosensitizing action of riboflavin on the 
oxidation of ascorbic acid by light in the presence of dissolved 
oxygen (6) led to the use of blue light as a catalyst. Completely 
filled test tubes containing a marble were rotated end oyer end 
before a strong blue light. The reaction between the dissolved 
oxygen and the reduced ascorbic acid was complete in less than 
30 minutes. Although a large number of analyses were made 
using this catalyst, the absolute values obtained for dissolved 
oxygen raised doubts as to the quantitative nature of the reaction.

A study of the quantitative reaction between dissolved oxygen 
and reduced ascorbic acid (5) revealed that under various condi
tions 1.19 to 1.67 atoms of oxygen were involved with copper 
as the catalyst, 1.57 to 2.04 with light and riboflavin, 2.00 with 
alkali, and 1.00 with ascorbic acid oxidase (from cucumber juice 
or cabbage juice).

As a result of this study ascorbic acid oxidase was adopted 
as the catalyst and with a 10 to 1 concentrate of the enzyme 
the reaction was found to be complete in milk in 5 minutes a t 
25° C.

This general method for the determination of dissolved 
oxygen has been under investigation for 3 years and the 
method using cucumber juice as a catalyst has been in use for 
more than a year, during which time several thousand oxygen 
determinations have been made on milk, water, buffer solu
tions, bacteriological culture media, etc. With plenty of 
equipment conveniently arranged one person can make 30 de
terminations in a half day.

R eagents and A pparatus
P r e p a r a t io n  o f  D y e  S o l u t io n . Grind about 0.135 gram of 

2,6-dichlorophenolindophenol in a mortar, add about 50 ml. of 
hot distilled water, grind further, and decant through a filter 
into a 1-liter volumetric flask. Add more hot water to the residue 
remaining in the mortar and again decant through the filter. 
Continue the process until practically all the blue color has 
passed through the filter, then adjust to room temperature, and 
make up to 1 liter with distilled water. The use of dye solution 
more than 2 weeks old is not advisable.

S t a n d a r d iz a t io n  o f  D y e  S o l u t io n . Weigh accurately ap
proximately 100 mg. of ascorbic acid, place in a 1-liter volumetric 
flask, and make up to volume with distilled water. Mix thor
oughly and use at once for standardizing. Introduce 5 ml. of this 
standard ascorbic acid solution and 15 ml. of 0.1 N  sulfuric acid 
into a 200-ml. beaker and titrate at once with the dye solution, 
using 15-ml. burets graduated to 0.05 ml. Titrate the solution 
to a light pink color which is permanent for 30 seconds. There 
is a tendency which must be guarded against to select darker and 
darker end points. Subtract from this titration the value ob
tained on a blank determination made by titrating a comparable 
acid water mixture to the same end point. The blank is usually 
about 0.3 ml. The dye factor in terms of milligrams of ascorbic 
acid per liter of milk when a 10-ml. aliquot of the milk is titrated 
is given by the following equation

Factor -  mg. of ascorbic acid weighed
2 (standardization titration — blank)

The amount of original dye taken should be adjusted or the 
solution should be diluted to give a factor between 6.5 and 7.0.

S u l f u k ic  A c id  S o l u t io n . Prepare a 10 Ar stock solution by 
diluting 285 ml. of concentrated sulfuric acid to 1 liter. For use, 
dilute 10 ml. of the stock solution to 1 liter and use approximately 
25 ml. of this dilute solution for each determination.

A s c o r b ic  A c id  O x id a s e . Freeze solid two to four medium 
to large green cucumbers, make 2 or 3 small holes about 0.6 cm. 
(0.25 inch) deep in the end of each, and suspend the cucumbers 
hole end downward in a piece of cheesecloth over a 1-liter beaker. 
A t  laboratory temperature the cucumbers will thaw and most 
of the juice (about 500 to 800 ml.) will drain out in 8 to 12 hours. 
A  little squeezing of the bag will express an additional amount of 
juice. Most of the enzyme resides in the outer layer of the cu
cumber, and little is present in the seed portion. Therefore the 
yield of enzyme is not increased appreciably by excessive pressure 
or extraction of the pulp.

The juice may be concentrated by either freezing or pervapo
ration. In concentration by freezing about half of the water 
is frozen, the juice is expelled from the ice crystals, and about 
half of the water is then frozen in the expelled liquid. This proc
ess is continued until about 30 to 50 ml. of the juice concentrate 
remain. The concentrate is filtered and preserved by a drop or 
two of toluene or chloroform.

Concentration by pervaporation is more efficient. The ex
pressed juice is placed in cellophane tubing about 1.8 cm. (0.75 
inch) in diameter and the tube is looped over a glass rod. 
An electric fan is directed toward the loops. Evaporation to one
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F ig u r e  1. S p e c ia l  T u b e  f o r  D e t e r m in in g  
D is s o l v e d  O x y g e n  b y  A s c o r b ic  A c id - A s c o r b ic  

A c id  O x id a s e  M e t h o d

tenth to one fourteenth of the original volume will take about 8 
hours. The temperature of the juice remains considerably below 
room temperature, owing to the cooling effect of evaporation. 
The concentrate is filtered and preserved by a drop or two of 
toluene or chloroform. For each determination 0.1 ml. of the 
concentrated juice is used.

The concentrate preserved in this way in the dark at 20° to 
25° C. will maintain its activity for about 1 month; if kept cold 
it remains active for 2 months or more. The enzyme is destroyed 
very rapidly by shaking. Mercuric chloride, sodium chloride, 
and glycerol (Vs volume), when used in bactericidal concentra
tion, rapidly inactivate the enzyme. One-half saturation with 
ammonium sulfate can be used ¡is a preservative, but it is not so 
satisfactory as toluene or chloroform. The enzyme can be pre
cipitated with an equal volume of acetone and the dried precipi
tate possesses activity.

C o n c e n t r a t e d  A s c o r b ic  A c id  S o l u t io n . Weigh 3.0 grams 
of i-ascorbic acid and 10 grams of sodium chloride and make up to 
50-ml. volume with water. For each determination use 0.1 ml. 
of the solution.

S p e c i a l  T u b e s  f o r  O x y g e n  A n a l y s i s . The tubes U sed  
for the oxygen determination are illustrated in Figure 1, 
which is largely self-explanatory.

The tube is so made that it can be closed at three levels, leaving 
no air trapped under the stopper after filling and after removing 
portions for titration. The filled tube with a No. 5 stopper in 
position A  holds about 70 ml., with No. 3 stopper on a glass rod 
in position B about 45 ml., and with No. 1 stopper on a rod in 
position C about 20 ml. A large rubber band held over the small 
end of the tube by a small band holds the stoppers tightly in 
place. A round piece of wood partly drilled through is used to 
center and press downward on the glass rods. The upper end of 
this wooden cap is grooved, so tha the band will not slip off.

In preparation for the taking of the sample the tube arranged 
as in A  is used. A glass marble is used for mixing and is held in 
place in a depression cut on the top of the No. 5 stopper. The

marble is mounted on the stopper of each tube, so that it will be 
in the hand while taking the sample and thus will not be for
gotten after the sample is taken. The sample should not be taken 
with the marble in the tube, because air may be trapped between 
the marble and the bottom of the tube.

The authors have over 100 of these analysis tubes which 
were made by a glass blower. A large number of tubes was 
needed in studies of the oxygen content of milk which were 
carried out in commercial milk plants, and for studies on the 
rate of disappearance of oxygen from milk on holding.

T i m e -S a v i n g  D e v i c e s . The authors’ work has required 
so many oxygen determinations tha t it has been found ad
visable to construct a number of devices to simplify and 
shorten the time required for the manipulation. These de
vices include a battery of 8 buret holders, beaker holders 
with pipet drainage support, oxygen analysis tube holder for 
shaking with spring clamps to hold in stoppers and tubes, a 
drainage rack, and various racks for holding the analysis 
tubes.

M eth od

C o l l e c t io n  o f  S a m p l e . The special oxygen-analysis tube 
as illustrated in Figure 1, .4, is used for collecting the sample.

Preferably the milk is made to flow from the vat by a glass or 
rubber-tube siphon or from a milk line by a petcock and rubber 
or glass tube. Hot milk can be siphoned or passed through a 
cold water-jacketed coil and thus discharged cold without ex
posure to air. The marble and stopper are removed from tube 
.4, the end of the siphon is inserted to the bottom of the tube, the 
milk is made to flow steadily with undisturbed surface into the 
sampling tube, and one to two volumes are allowed to overflow. 
The siphon is then removed and the marble is placed gently on 
the surface'of the milk in the analysis tube and released. If the 
marble is dropped into the milk a row of bubbles of air will follow 
in its wake. The rounded No. 5 stopper is then inserted. The 
rounding of the stopper aids in preventing the trapping of air 
and in expelling the surface milk. The rubber band placed over 
the stopper holds it under tension, so that if the milk is cooled 
further the stopper will follow the surface down and not permit air 
to be drawn in between the wall and the stopper. The sample is 
now ready for analysis.

Samples can be taken satisfactorily by means of a specially 
constructed pipet of about 250-ml. capacity. The pipet should 
be rather long and narrow, with a stem that is long enough to 
reach to the bottom of the special oxygen-analysis tubes. In 
sampling, the pipet is slowly drawn full of milk, the end is in
serted to the bottom of the oxyjren-analysis tube, and about two 
tube volumes of milk are allowed to overflow slowly; the pipet is 
then withdrawn, the marble added, and the stopper placed in the 
tube.

D e t e r m i n a t i o n  o f  R e d u c e d  A s c o r b ic  A c id  i n  M i l k . 
The analysis tube is inverted several times to mix the sample 
by causing the marble to  fall from one end to the other.

Pipet 10 ml. of milk from the upper compartment of the tube 
into a 200-ml. beaker to which 25 ml. of dilute sulfuric acid have 
previously been added. Duplicate aliquots may be taken if de
sired. Titrate with the dye solution, using a 15-ml. buret cali
brated in 0.05-ml. divisions. In titrating it will be found that 
after a small amount of dye is added the solution will assume a 
pink color. If this color fades on standing, more dye is added. 
Continue the addition of dye in portions until a light but definite 
pink color remains for 30 seconds. This is taken as the end point 
of the titration. Before calculating the original ascorbic acid in 
the milk a blank of about 0.4 ml. (12) should be subtracted.

In order to save the time which may be required for the pink 
color to fade it is convenient to have 6 or 8 burets and titrate 6 to 8 
samples at one time. If one is interested only in the oxygen con
tent, determination of the reduced ascorbic acid present in the 
original milk may be omitted.

A d d i t i o n a l  A s c o r b ic  A c id  A d d e d . Fresh milk contains 
only about one third enough ascorbic acid to react with the 
dissolved oxygen present in ordinary milk; therefore ascorbic 
acid must be added in amount to be amply sufficient to react 
with all the oxygen which may be dissolved in the milk.

N E E R I N G  C H E M I S T R Y  Vol. 13, No. 9
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Add 0.1 ml. of the concentrated ascorbic acid solution, using 
a 1-ml. buret pipet graduated to 0.01 ml. To the end of this 
pipet a small glass tube 25 cm. long and 3 mm. or less in outer 
diameter is attached by means of a short piece of rubber tubing 
3 mm. in outer diameter and 1 mm. in internal diameter. The 
flow is controlled by a spring pinchclamp. Insert the glass tube 
to the bottom of the analysis tube and add 0.1 ml., making this 
addition to the bottom of the tube, so that none of the solution 
will be expelled with the overflow when the stopper is inserted 
later. If this buret is held in the hands ascorbic acid can be added 
rapidly to a number of tubes in succession.

The tube is stoppered according to the arrangement in Figure 
1, B. The volumes have been so worked out that the surface 
milk is displaced in seating the stopper. Discard this excess 
milk and invert the tube continuously for 1.5 minutes to ensure 
complete mixing of the added ascorbic acid with the milk. Then 
remove the stopper and titrate an accurately measured 5-ml. por
tion, and a duplicate if desired, for ascorbic acid according to the 
procedure described above. The buret reading should be be
tween 13 and 15 ml.

A d d it io n  o f  A s c o r b ic  A c id  O x id a s e . After removal of the 
sample to determine the original plus added ascorbic acid, add 
to the bottom of the analysis tube 0.1 ml. of the concentrated 
cucumber ascorbic acid oxidase, using a 1-ml. buret graduated to 
0.01 ml., similar to that used for adding the ascorbic acid. The 
same buret should not be used, however, because great care 
should be taken to prevent contamination of the other burets and 
equipment with the ascorbic acid oxidase concentrate. Close the 
tube with the stopper according to the arrangement in Figure 1, C. 
Mix the contents of the tube by repeated inversion for 1 minute, 
and allow the tube to stand for 15 minutes, during which time 
the enzyme causes all the dissolved oxygen to react with the re
duced ascorbic acid. Pipet 5 ml. and a duplicate, if desired, from 
the lowest compartment of the tube directly into 24 to 26 ml. of 
0.1 Af sulfuric acid previously placed in the beaker in preparation 
for the titration. The acid inactivates the enzyme and prevents 
further fast reaction between the air to which the aliquot is now 
exposed and the remaining ascorbic acid.

It is very necessary to make this titration immediately after 
pipetting out the sample. Although tests indicate that the en
zyme is inactivated, nevertheless the rate of ascorbic acid oxida
tion is fairly rapid. Enough ascorbic acid should be present at 
the start so that this final titration does not fall below 2 ml. The 
5-ml. pipet used in removing samples for this final titration should 
be reserved for the measurements involving this step only, be-

F ig u r e  2 . A cT iv iT Y -p H  R a n g e  o f  C u c u m b e r  J u ic e  
A s c o r b ic  A c id  O x id a s e

cause of the danger of producing errors in other titrations as a re
sult of contamination with ascorbic acid oxidase.

C a l c u l a t i o n . The dye is standardized against pure 
ascorbic acid, so that when 10 ml. of milk are titrated, the 
milliliters of dye used less the blank times the factor gives the 
milligrams per liter of ascorbic acid in the milk.

The oxygen content in milligrams per liter of milk is ob
tained by multiplying the difference in dye titration before 
and after adding the ascorbic acid oxidase by twice the dye 
factor divided by 11. The dye factor is multiplied by 2 be
cause only 5  ml. of milk were titrated and divided by 11 be
cause the molecular weight of ascorbic acid is eleven times 
the atomic weight of oxygen.

From the oxygen content in milligrams per liter as calcu
lated above subtract 0 .4 5  mg. per liter for the blank resulting 
from the small contaminations with oxygen which occur dur
ing manipulation.

E vidence for R eliab ility  o f  the M ethod

T i t r a t i o n  B l a n k  o n  E n z y m e  A d d e d . The possibility of 
the enzyme’s possessing dye-reacting properties, the ability 
of the sulfuric acid to stop enzyme action, and the duplica- 
bility of titrations were indicated by results obtained in a 
series of experiments carried out in conjunction with some 
routine oxygen determinations.

Two 5-ml. aliquots were removed from the middle compart
ment of each tube after incorporating the ascorbic acid, and were 
added directly to 25-mi. portions of the 0.1 N  sulfuric acid in the 
200-ml. beakers. To one beaker was then added 0.1 ml. of the 
ascorbic acid oxidase concentrate. Both beakers were titrated 
about 2 minutes later.

In all, 80 pairs were titrated and in 42 the difference was 0.1 
ml. of dye or less. The greatest difference was 0.55 ml., the next 
greatest 0.45 ml. The average deviation was 0.14 ml. with signs 
disregarded and 0.01 ml. with signs considered. Since 0.1 ml. of 
the enzyme extract was titrated in this case, whereas only about 
one fourth of tliis amount would be present in the 5-ml. aliquot 
removed in the oxygen determination, the amount of dye reacting 
with the constituents of the enzyme extract is negligible. This 
was confirmed by titrating 5 ml. of the enzyme extract directly. 
These results also indicate the agreement expected in duplicate 
titrations.

pH R a n g e  o f  A s c o r b ic  A c id  O x i d a s e  A c t i v it y . The pH 
range over which solutions could be analyzed for oxygen 
without pH adjustment was determined by adding limited 
amounts of ascorbic acid oxidase to aerated buffer solutions. 
A n  average composite curve was constructed and is presented 
in Figure 2. Blank determinations for the decrease in ascor
bic acid in the buffer solutions in the absence of added oxidase 
were also made. The kind and dilution of the buffer influ
enced the blank in the range from pH 4  to 7 . A t  pH 8  the 
enzyme was inactivated, but the alkali in the absence of en
zyme caused a decrease in the amount of ascorbic acid. The 
enzyme was almost completely inactive a t pH 4 . The enzyme 
in the pH range of 5  to 7 .5  has sufficient activity to complete 
the reaction in the allotted 15 minutes.

The optimum pH range for the action of ascorbic acid 
oxidase from various sources is reported as follows: Tauber, 
Kleiner, and Mishkind (16) 5 .5 6  to 5 .9 3  and 5 .3 8  to 5 .5 7  for 
Hubbard squash; Srinivasan {15) 4 .6  to 5 .6  and 5 .3  to 5 .6  for 
Moringa plerygosperina; Ito  (7 )  6 .0  for cucumber juice; and 
Ebihara (2) 6 .0  to 6 .5  for cucumber juice. The values re
ported for cucumber juice agree well with those in Figure 2. 
Since several buffers as well as milk and whey were used, the 
authors believe Figure 2 indicates the activity range of as
corbic acid oxidase from cucumber juice.

E f f e c t  o f  A m o u n t  o f  E n z y m e  A d d e d . Numerous ex
periments indicate tha t an excess of enzyme exerts no in
fluence on the oxygen determination. Only one such experi
ment is cited here as an example.
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T a iil e  I. C o m p a r is o n  o f  O x y g e n  D e t e r m in a t io n s  o n  W a t e r

Oxygen C ontent
Ascorbic acid

Oxygen C ontent
Ascorbic acid

W inkler oxidase W inkler oxidase
M g./l. M g ./l M g./l. M g . / l
0.00 0.01 5 .2 5.2
0 .0 0 0.07 5 .8 6 .0
0 .00 O.OS 6.1 6 .0
0.02 0 .00 8 .2 8 .0
1.6 1.6 9 .8 9 .7
2 .0 1.9 10.1 10.3
2 .9 2 .7 10.8 10.6
4.1 4 .1 10.9 10.7

Enzyme in the following amounts was added to a series of 
tubes of milk: 0.05, 0.10, 0.20, 0.30, 0.50, and 1.00 ml. The 
amounts of oxygen obtained were 8.24, 8.40, 8.18, 8.32, 8.41, and 
8.45 mg. per liter, after corrections were made for the oxygen con
tent of the enzyme concentrate.

B l a n k  o n  B o il e d  O x y g e n - F r e e  W a t e r . A 5-liter short
necked round-bottomed Pyrex flask, three fourths full of water, 
was made to boil vigorously. After about one fifth and in some 
cases as much as one third of the water had been evaporated, 
samples were removed for oxygen determination by siphoning 
without interrupting the boiling. The siphon tube reached to the 
bottom of the boiling flask. The outer end of the siphon tube was 
made of coiled aluminum tubing surrounded by a cooling bath; 
thus cooled oxygen-free water was delivered at the lower end of 
the siphon. Three volumes of water were allowed to flow through 
the siphon and overflow the oxygen-analysis tube before the 
sample was taken for analysis. At various times 48 such samples 
were taken. The results obtained indicated a blank of 0.44 mg. 
per liter for oxygen-free water. Similar samples analyzed by the 
Winkler method gave a blank of 0.10 mg. per liter, including the 
blank on the reagents.

B l a n k  o n  O x y g e n - F r e e  M i l k . M ilk  w a s  d e a e r a te d  b y  a

{jrocess which involved subjecting milk to a pressure sufficiently 
ow to make the milk boil and thus convert some of its water 

into vapor, which was used as the agent to sweep out the dis
solved oxygen. For these tests the pressure utilized was suffi
ciently low to decrease the temperature of the milk about 20° C. 
Determinations were made on 123 samples prepared in this way.

The average blank was 0.45 mg. of oxygen per liter of milk. 
The mean deviation from the average blank was 0.14, the range 
from 0.05 to 0.80, while 64 samples were found to deviate by 
0.1 mg. or less from the average blank. These deviations are 
about those that would be encountered in duplicate titrations. 
The blank on milk agrees well with the average value of 0.44 ob
tained with water.

A few blank determinations should be run on each lot of en
zyme, because occasionally for some unknown reason the blanks 
are higher.

C o m p a r i s o n  b e t w e e n  W i n k l e r  a n d  O x i d a s e  M e t h o d . 
A  series of samples of water was analyzed for oxygen by both 
the Winkler and the ascorbic acid oxidase methods. The re
sults obtained are presented in Table I. The difference be
tween the results by the two methods is not significant. A  
blank of 0.10 mg. was subtracted from the results by the 
Winkler method and of 0.44 from the results by the ascorbic 
acid oxidase method.

E x a m p l e . A s  an example of the variations in results 
which might be expected when the determinations are made 
by one conversant with the method and particularly by one 
trained in determining the end point of the dye titration, 
Table I I  is presented. This gives results obtained with 
samples taken to test a particular run made on a commercial 
milk deaerator. Conversion factor for dye used was 1.20. 
Blank on method and reagents was 0.45 mg. per liter of 
oxygen.

Milk from the cans received from the dairy bam was dumped 
directly into the raw milk vat, the milk was gently agitated, and 
the samples were removed. Most raw milk at the time it enters 
the pasteurization process is much higher in oxygen than the raw 
milk of Table II because of passage through weigh tanks, pumps, 
storage vats, etc. The milk from the raw-milk storage vat was 
sucked into a milk deaerator and deaerated (¿3). The milk was 
pumped out of the deaerator and samples were taken from the

line leading from the pump. The analyses of these samples rep
resent the extent of deaeration.

By means of this pump the milk was forced through a plate 
heater, by which the milk was heated to 71.6° C. (161 F.) 
through a holding pipe (16 seconds), through a plate cooler, and 
finally into a surge tank, the surface of which was protected from 
air by a float which rested on the surface of the milk and rose and 
fell with the variations in the amount of milk in the surge tank. 
The milk passed to the filler bowl tank on the bottler by gravity. 
The third set of samples was taken from this line and represents 
the amount of air incorporated in the series of steps following 
deaeration.

The final set of samples was taken from the filled quart bottles 
and represents the amount of air incorporated in filling the bot
tles, using conventional valves but with a protecting float on the 
surface of the milk in the filler bowl.

Errors in the end point of the dye titration can be reduced 
by duplicate determinations on each tube. The results in 
Table I I  represent only single titrations on the various por
tions in each tube. Table I I  indicates the variations which 
might be expected in applying this method to samples taken 
a t intervals during the run of a milk deaerator.

T a b l e  II. O x y g e n  C o n t e n t  o f  M il k

(Samples taken  a t  various tim e intervals during operation of a continuous 
commercial m arket milk deaerator)

Stage of Sampling

Raw milk in v a t

After deaeration, 
sample following 
deaerator pum p

After pasteuriza
tion and cooling, 
pipe line from 
surge tan k  to 
filler bowl

M ilk from bottles

Oxygen C ontent
After—u ye i  lirauon  ■" '

After Difference, blank,
S ta rt enzyme Difference ml. X 1.2 0.45
M l M l M l M g . / l M g ./l

11.25 6.45 4 .80 5 .76 5.31
11.15 6.25 4 .90 5.88 5.43
12.05 7.15 4 .90 5.88 5.43
11.40 6.55 4 .85 5.82 5.37
11.75 7 .80 3 .95 (4.74)
12.00 6.95 5.05 6.06 5.QI

M ean 5.43
13.90 13.35 0 .55 0 .66 0.21
11.60 11.00 0.60 0 .72 0.27
11.60 10.90 0 .70 0 .84 0.39
13.25 12.85 0 .40 0 .48 0.03
12.55 12.10 0 .45 0 .54 0.09
12.10 11.65 0 .45 0 .54 0.09
13.00 12.60 0 .40 0 .48 0.03
13.00 12.55 0 .45 0 .54 0.09

M ean 0.15
11.45 10.90 0.55 0 .66 0.21
12.45 11.85 0 .60 0.72 0.27
11.55 11.00 0 .55 0 .66 0.21
12.00 11.45 0.55 0.66 0.21
14.40 13.90 0.50 0.60 0.'15
11.95 11.35 0.60 0.72 0.27
13.30 12.65 0.65 0 .78 0.33
12.05 11.55 0.50 0 .60 0.15

Mean 0.23
12.35 10.90 1.45 1.74 1.29
11.80 10.40 1.40 1.68 1.23
11.45 10.05 1.40 1.68 1.23
12.20 10.70 1.50 1.80 1.35
10.85 9 .00 1.85 2.22 1.77
13.10 11.45 1.65 1.98 1.53
11.50 10.15 1.35 1.62 1.17
11.90 10.60 1.30 1.56 1.11

M ean 1.33

S u m m a r y
The dissolved oxygen content of several fluids containing 

organic m atter can be determined quantitatively by adding 
reduced ascorbic acid followed by ascorbic acid oxidase. The 
decrease in ascorbic acid as determined by titration indicates 
the dissolved oxygen content.

Special oxygen-analysis tubes were designed to protect 
the liquid from air and avoid transference of the liquid during 
the determination.

The method shows good agreement on water when com
pared with the Winkler method.

The probable error is 0.1 to  0.2 part per million.
One analyst can easily make 30 determinations in a half 

day if sufficient conveniently arranged equipment is avail
able.
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Spectrochemical Analysis o f Trace Elements 
in Fertilizers

ZINC

RO BERT T . O’CONNOR1 
B u rea u  o f  P la n t  In d u stry , U . S . D ep a r tm en t o f  A gricu ltu re , W a sh in g to n , D . C.

FROM year to year an increasing number of plant nutri
tion experiments have shown tha t many serious deficiency 
diseases are due solely to an inadequate supply in the soil of 

minor plant food elements th a t are essential for normal plant 
growth. In  a list of such elements—the so-called secondary 
plant nutrients—zinc has been accorded a prominent place. 
Thus, the white bud of corn, pecan rosette, bronzing of the 
tung-tree leaf, citrus little leaf, and leaf wilt of tobacco have 
all been ascribed to  zinc deficiencies (3). The toxic effect of 
large quantities of the element, on the other hand, is also well 
recognized. Consequently a  knowledge of the concentration 
of zinc in fertilizer materials and mixed fertilizers, added di
rectly to the soil to enrich the plant food, becomes desirable.

In previous studies (5, 6) of the concentrations of certain 
secondary plant food elements in mixed fertilizers by spectro
chemical analysis, the determination of zinc proved to be 
somewhat difficult. Zinc can be readily detected by the pairs 
of arc lines 3302.6-3303.0 A. and 3345.0-3345.5 A. and the 
three persistent lines 4680.1 A., 4722.2 A., and 4810.5 A. The 
first of these, the 3302.6-3303.0 A. pair, is, in most spectra, 
masked by traces of the sodium doublet 3302.3-3303.0 A. and 
unsuitable for quantitative determination. Of the other lines 
the pair 3345.0-3345.5 ai)d the 4810.5 A. line have in particu
lar been adopted by others for the quantitative deter
mination of zinc. However, in the complex spectrum of a 
mixed fertilizer, containing only a small per cent of zinc, 
these lines are not sensitive enough in the direct current arc 
source to overcome background sufficiently to permit inten
sity measurements with any degree of accuracy. Study has 
shown tha t the high-voltage alternating current arc source is 
a more sensitive method for zinc, and, furthermore, has the 
advantage of producing spectra comparatively free of back
ground. Unfortunately, however, it has also been shown in 
this laboratory (6) th a t this method of excitation cannot be 
used for the analysis of fertilizer samples, but is restricted to 
solutions or very homogeneous solids.

1 Present address. U. S. D epartm ent of Agriculture, Bureau of Agricultural 
Chemistry and Engineering, Southern Regional Research Laboratory, New 
Orleans, La.

Consequently, it has been necessary to abandon an attem pt 
to determine zinc simultaneously with the other im portant 
secondary nutrients, boron, manganese, and copper in the 
fertilizer samples, and an effort has been made to find or de
vise a spectrochemical method for the quantitative deter
mination of zinc tha t could be applied to a mixed fertilizer 
sample. The purpose of this paper is to  describe: (1) the 
modifications in the spectrochemical procedure tha t have been 
adopted for the quantitative determination of zinc in mixed 
fertilizers and (2) the application of this method to the analy
sis of 44 representative mixed fertilizer samples whose com
plete composition has previously been determined by chemical 
methods in this laboratory (2).

A pparatus an d  G eneral Procedure
The apparatus used, a large Hilger Littrow quartz spectro

graph, a water-cooled arc stand operated by means of a direct 
current at a 220-line voltage, and a Bausch & Lomb nonrecording 
densitometer, have been described (5, 6). The only modification 
in the apparatus has been the addition of two Nichrome wire re
sistance boards, inserted in the electrical circuit in parallel with 
the water-cooled rheostat, to permit the use of higher currents. 
With this arrangement any desired current from 5.0 to 25.0 am
peres can be conveniently obtained.

As in the analyses for boron, manganese, and copper the direct 
current arc method of excitation using a cupped graphite anode 
and a pointed graphite cathode was selected. The well-known 
logarithmic step-sector method of Scheibe in conjunction with the 
internal standard method of Gerlach was retained and the 
samples were again analyzed without any preliminary chemical 
treatment.

M odified E xperim ental Procedure for Z inc

A method satisfactory for an accurate spectrochemical de
termination of zinc in a  mixed fertilizer would include the 
measurement of a zinc line of greater sensitivity than those 
ordinarily used, and/or photographing under conditions 
where the background produced is considerably less. Rogers 
(8) investigated the use of the zinc line a t 2138.6 A. in order 
to avoid preliminary chemical treatm ent in the analysis of
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F ig u r e  1. S p e c t r o g r a m  o f  M ix e d  F e r t i l iz e r  S a m p l e  f o r  Q u a n t it a t iv e  D e t e r m in a t io n  o f  Z in c

various plant materials. Using photographic plates treated 
with a  special ultraviolet sensitizing material, this line can be 
photographed a t appreciably higher intensities than any of 
the zinc lines in the near ultraviolet, and, except with very 
long exposures, the background in this region is practically 
negligible.

Several investigators have shown th a t when a rapidly vola
tilizing material is consumed in a direct current arc more in
tense lines can be obtained by the use of higher currents. 
Consequently, the effect of current on the rapidly volatilizing 
zinc was studied. These studies showed th a t for the volatili
zation of a given am ount of sample the sensitivity of the zinc 
line a t 2138.6 A. does not change appreciably with increasing 
current. However, the higher current permits the complete 
volatilization of a larger sample without increasing the ex
posure time and when a larger sample and higher current are 
used, the arc strikes more directly to the sample, completely 
volatilizing it while consuming relatively less of the graphite 
holder. This results in effectively increasing the blackness 
of the zinc line over its background. For this reason through
out the zinc analyses a current of 20 amperes and a sample of 
20 mg. were adopted.

When duplicate analyses of the fertilizer samples for zinc 
were first attem pted under these conditions, nconsistently 
high results were encountered a t irregular intervals. Further 
investigation showed th a t certain samples, in particular when 
the silicon content was high, did not completely volatilize 
before the graphite cup was consumed. Consequently, last 
traces of the sample, presumably containing some of the slowly 
volatilizing beryllium, added to  the fertilizer sample as the 
constant internal standard, were lost. This would mean that 
the intensity of the beryllium line would be weakened. Con
sequently, the ratio of the intensity of the zinc line to the 
intensity of the beryllium line and the resulting value for the 
concentration of the zinc would be too high.

This difficulty is most readily overcome by increasing the 
depth of the graphite cup to assure complete volatilization of 
the sample. Mannkopff and Peters (4) have studied the 
effect of cup depth best suited for various substances when 
they have different melting points, and Pierce, Torres, and 
Marshall (7) reached the conclusion th a t with readily volatile 
elements higher intensity may be obtained if the sample is 
placed in a deep cup. This conclusion was confirmed in the 
present investigations with zinc. When the cup depth was in
creased from 6 to  10 mm., not only was complete volatilization 
of the sample assured, but the sensitivity of the zinc line was 
increased. If the sensitivity of a spectrum line can be suffi
ciently increased, it can be photographed, by use of shorter 
exposure time, entirely free from background. In  the present 
case, where a stepped sector is used during each exposure, 
this means th a t if the sensitivity can be sufficiently increased, 
the line can be measured a t a step where it is free from back
ground. When the fertilizer samples were volatilized from 
deep cups, the zinc line was increased in sensitivity, so that 
measurements entirely free from background could be made 
even in those cases where the zinc concentration in the fer
tilizer was extremely small.

The conditions finally adopted for the analysis of zinc were: 
a direct current tire maintained by a 220-line voltage at 20 amperes 
current, an electrode separation of 4 nun., and a slit 7 mm. high 
and 0.06 mm. wide. The cathode is a pointed graphite rod 0.47 
cm. (0.19 inch) in diameter and the anode a graphite rod 1.25 
cm. (0.25 inch) in diameter into which a flat-bottomed cup 10 
mm. deep, 4.3 mm. in diameter, and with a wall 0.5 mm. thick, 
has been cut. A 20-mg. sample of the mixed fertilizer is placed in 
this cup, the spectrograph is adjusted to photograph the region 
2000 to 2450 A., and the sample is arced for 2.5 minutes. The in
tensities of the zinc line at 2138.6 A. and the beryllium line at
2348.6 A. are measured and the ratio of these intensities is used 
to determine the zinc concentration from the working curve. 
Eastman 1-0 spectroscopic ultraviolet sensitive plates were 
selected as the fastest obtainable. The plates were constantly 
brushed during development in Eastman developer D-76c for 
5.5 minutes at 18° C. Figure 1 shows a section of the spectrum 
of a fertilizer sample when photographed under these conditions.

T a b l e  I. C o m p a r is o n  o f  S p e c t r o c iie m ic a l  A n a l y s is  f o r  
Z in c  w it h  C h e m ic a l  V a l u e s

Fertilizer
G rade0 Source

Y ear
Sampled

Spectro-
chemical& Chem icalc

Ratio
Chem ical/

Spectro-
cnemical

1*-9-4 N. Y. 1929

Av, %  

0.0415
%

0.032 0.77
2*-8-10 N . Y. 1929 0.0144 0.012 0.83
2-12-0 Ohio 1929 0.0084 0.033 3.S1
7-5-4 Md. 1926 0.0092 o .ooso 0.S7
4*-8-4 Va. 1930 0.092 0.0080 0.09
3-8-3 Va. 1930 0.012 0.0080 0.67
4*-8-4 N. C. 1925 0.015 0.0080 0.53
4*-8-4 Va. 1926 0.0261 0.0G0 2.30
3-8-5 Md. 1930 0.036 0.0080 0.22
4*-12-4 Va. 1930 0.0185 0.048 2.59
5*-8-5 Penna. 1929 0.0100 0.032 3.20
5*-8-7 Va. 1930 0.062 0.048 0.77
7*-6-5 Va. 1930 0.059 0.004 0.07
2-9-5 M d. 1935 0.00495 0.0080 1.62
2-12-2 Ind. 1935 0.014 0.012 0 .86
2-12-4 M d. 1935 0.014 O.OOSO 0.57
3*-9-3 Ga. 1935 0.00385 0.0080 2 .OS
4*-8-4 Ga. 1935 0.0255 0.032 1.25
3-8-6 N. C. 1935 0.047 0.000 —
4*-8-6 S. C. 1935 0.00375 0.0016 0.43
4-8-4 La. 1935 0.0255 0.000 —
4-8-5 M d. 1935 0.031 0.016 0.52
4-8-7 N. Y. 1935 0.065 0.016 0.25
4-10-7 Va. 1935 0.0088 0.008 0.91
4-12-4 Ark. 1935 0.014 0.014 1.00
6-6-5 Va. 1935 0.018 0.024 1.33
6*-S-6 M ass. 1935 0 .009* 0.008 0.81
3-21-6 Ohio 1929 0.10S 0.064 0.59
4-16-4 N. Y. 1935 0.0445 0.020 0.45
4*-16-10 Penna. 1930 0.045 0.016 0.30
4-24-12 Ind. 1934 0.031 0.032 1.03
8-12-20 M aine 1935 0.253 0.012 0 .05
8*-16-8 Ga. 1927 0.033 0.144 4.36
8-16-12 M inn. 1933 0.049 0.045 0.92
8*-16-16 M ass. 1935 0.080 0.040 0.50
9*-27-9 Va. 1928 0.0233 0.072 3.09
12-24-12 G erm any 1930 0.0125 o .o o s 0.04
10-30-10 N. J. 1929 0.0185 0.004 0.22
17-34-17 Ala. 1932 0.0275 0.028 1.02
0-10-4 Tenn. 1935 0.0241 0.036 1.49
0-10-10 N. Y. 1929 0.034 0.004 0.12
0-12-5 M d. 1935 0.030 0.012 0 .40
0-12-12 Ind. 1934 0.030 O.OOS 0.27
0-14-6 Ohio 1926 0.036 O.OOS 0.22

tt G rade formulas s tand  for percentages of N , PaOt, and KaO in  th is  order 
except th a t num bers indicated by asterisk stand  for percentages of Nila.

t> Values expressed as elem ent in accordance with recom m endation adopted 
by the  Association of Official A gricultural Chem ists.

c Chemical results from Lundstrum  and M ehring are converted to  per 
cent of elem ent (Zn) to  facilitate comparisons.
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T a b l e  II. P r e c is io n  o f  S p e c t r o c iie m ic a l  A n a l y s is  o f  Z in c

Trial Concentration
Deviation 

from Mean
% %

1 0.015 0.0006
2 0.013 0.0014
3 0.015 0.0006
4 0.017 0.0026
5 0.014 0.0004
0 0.012 0.0024
7 0.010 0.0010
8 0.013 0.0014

Av. 0.0144 0.00138

T a b l e  III. A c c u r a c y  o f  S p e c t h o c iie m ic a l  A n a l y s is  o f

Fertilizer
Grade® Source

Year
Sampled

Z in c

Zn Added

Original
Spectro
chemical
Analyses

Subsequent
Spectro
chemical
Analyses

l*-9-4 N , Y. 1929
%

0.032

Av. % 

0.0415
%

0.0758
4*-8-4 Va. 1920 0.032 0.0205 0.0490
4*-8-4 CJa. 1935 0.01G 0.0255 0.0380
0*-8-0 Mass. 1935 0.010 0.0099 0.0208
12-24-12 Germany 1930 0.048 0.0125 0.0509
0-14-6 Ohio 1920 0.048 0.0300 0.0819

0 Grade formulas stand for percentages of N. P 2O*, and K 2O in this order, 
except th a t numbers indicated by asterisk stand  for percentages of NHj.

A series of standards prepared by duplicating as closely as 
possible the average composition of the 44 mixed fertilizers 
as determined chemically was available from previous analy
ses of the fertilizer samples. As these standards had been 
found to be entirely satisfactory for the analyses of boron, 
manganese, and copper and as they contained zinc in con
centration from 0.0008 to 0.4 per cent and 0.05 per cent beryl
lium as an internal standard, they were used to prepare a 
working curve for the zinc analyses, although the choice of 
an element as an internal standard which volatilizes at a rate 
closer to tha t of the rapidly volatilizing zinc than does the 
slow-volatilizing beryllium would have been more advan
tageous. Figure 2 shows the straight-line working curve ob
tained by plotting the intensity ratios against the known zinc 
concentrations, the circular and triangular symbols repre
senting two different sets of standards photographed on sepa
rate plates. t

D iscu ssion  o f Iiesu lts

The results obtained from duplicate analyses of the fer
tilizer samples are listed in Table I. The average deviation 
from the mean of the duplicate determinations of the 44 
samples is ±  4.88 per cent. The deviations range from a mini
mum of 0.0 per cent to a maximum of =*= 12.0 per cent and 
with but three exceptions are within =*= 10.0 per cent.

As with the boron, manganese, and copper determinations, 
precision and accuracy tests have been made during the zinc 
analyses. Table I I  lists the results obtained from repeated 
analyses of the same fertilizer,sample from time to time during 
the course of the zinc analyses. The arithmetical mean and 
the average deviation from the mean arc given at the bottom 
of the second and third columns, respectively. From the 
data in this table the probable error of the mean, 0.6745

\ / — is found to be 0.000402. Table I II  lists the results 
'  V(n -  1)'

obtained from repeated analyses of six fertilizer samples, 
selected a t random, after known amounts of zinc had been 
added to each. These results, while insufficient for any sta

tistical analysis, show tha t the accuracy is of the same order 
as the precision.

Thus, the method devised for the analysis of zinc is shown 
to be capable of a precision and accuracy equal to those ob
tained in the analysis of boron, manganese, and copper. The 
use of plates which are treated with a special sensitizing 
material, which must subsequently be removed, for accurate 
quantitative work is thereby justified. W ith measurements 
entirely ‘free from background a somewhat higher precision 
might have been expected (5). However, the use of faster 
plates, which never appear to be as clear and as free from 
chemical fog as the slower process plates used for the boron, 
manganese, and copper determinations, as well as possible 
slight variations in the sensitizing material, may counter
balance this advantage.

Table I also gives a  comparison between the average spec- 
trochemical values and the chemical values obtained by Lund- 
strom and Mehring (2). In general, the chemical values 
tend to be somewhat lower than the spectrochemical. This 
same tendency was found by Rogers and Gall in a comparison 
of spectrochemical and chemical methods for the determina
tion of zinc in plant ash (£?). The mean of their spectrochemi
cal values was usually appreciably higher than the corre
sponding average of the chemical values. In the results com
pared in Table I, the difference between the values obtained 
by the two methods is usually within a twofold factor—i. e., 
the ratio of chemical to spectrochemical is within a variation 
of 0.50 to 2.00. When the average of the spectrochemical 
values is particularly high, approaching or exceeding 0.1 per 
cent (the chemical values with but a single exception never 
exceeding 0.09 per cent), and when the chemical value is re
ported as 0.000 per cent, the agreement becomes particularly 
poor.

From the working curve, Figure 2, concentrations of zinc 
from 0.0008 per cent (8 parts per million) to  0.4 per cent 
(4000 parts per million) can be determined. Thes; values 
represent only the limits established for the analysis of the 
44 fertilizer samples, where the concentrations always fall well 
within these limits. The upper limit of the method has not 
been investigated but, as pointed out by Rogers (8), is prob
ably not much greater than 1 per cent where reversal of the
2138.6 A. zinc line would be encountered. However, when con
centrations of this magnitude are reached, the objection to 
the lines in the near ultraviolet would no longer lie valid.
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Tests have been made which show th a t the lower lim it of the 
method cannot be extended below about 0.0002 per cent (2 
parts per million).

Possible interference of an iron line a t 2138.6 A. has been 
suggested by Rogers (5). Harrison (1) assigned this line a 
relative intensity in the arc source of only 8, as compared to 
the zinc line 800; hence interference would not be expected 
until the iron concentration became relatively high. How
ever, tests were made concerning the possible interference of 
this line and a copper line a t 2138.5 A. to  which Harrison assigns 
an intensity value of 25. These tests show that, under the 
conditions of the zinc analyses, 3.0 per cent iron and 1.0 per 
cent copper, values in excess of those ever found in the fer
tilizer samples by previous chemical and spectrochemical 
analyses, give no measurable densities of the lines a t 2138.6 
and 2138.5 A., respectively.

S u m m ary

A method has been described for the spectrochemical deter
mination of zinc in mixed fertilizers and the method applied 
to the analysis of 44 representative mixed fertilizers of known 
chemical composition. The method is capable of determining 
zinc within the limits of 0.0002 per cent (2 parts per million) 
to approximately 1 per cent (1 part per hundred) with an 
accuracy within ± 5  per cent, thus equaling methods pre
viously described for the analysis of boron, manganese, and 
copper. As the method involves the use of plates which have 
been treated with a special sensitized coating, the accuracy

obtained confirms the fact th a t these plates are sufficiently 
consistent to  permit quantitative determinations without 
appreciable sacrifice of accuracy. Comparison of the values 
obtained by the spectrochemical method with those ob
tained by chemical analysis show th a t in general the chemical 
values are lower than the spectrochemical values, a discrep
ancy previously noted elsewhere in similar comparisons.

The method described augments the number of essential 
trace elements whose concentrations could be guaranteed by 
supplemental spectrochemical analysis following the usual 
chemical determinations of the primary plant nutrients. The 
determinations when the concentration of zinc exceeds 1 per 
cent can be readily achieved by use of the zinc lines a t 3345.0 
or 4810.5 A.
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Extraction o f Carotene from Plant Material
A Rapid Quantitative Method

L. A. M OO RE AND RAY EL Y  
M ich ig a n  A g r icu ltu ra l E x p er im en t S ta t io n , E a st L a n sin g , M ich .

MOST methods for the determination of carotene in plant 
material require extraction of the sample for a  consider

able period of time, and some materials must be ground in a 
m ortar with sand up to 20 minutes prior to extraction.

Coleman and Christie (/) reported a rapid method for the ex
traction of carotenoids from flour using a high-speed stirrer. 
Davis (£) used a food blender in cutting up foods for sampling, 
and research workers of the Agricultural Chemistry Department 
of Purdue University (4) used this blender for extraction pur
poses. I t  consists of a quart heavy glass container of clover- 
leaf design in cross section, a t the bottom of which is an as
sembly consisting of knives turned by a motor at a speed of 
about 10,000 r. p. m. Thus the material is subjected not only 
to considerable maceration by the knives but also to agitation.

This paper presents a rapid quantitative method for the 
extraction of carotene from certain p lant materials, using the 
food blender (manufactured by the Waring Corporation, New 
York, N. Y.) in conjunction with a foaming solvent.

E xperim ental
Several solvents were tried in extracting the carotene from 

plant material but because of the high speed of the blades 
and an attem pt to  use as small an am ount of solvent as pos

sible, there was considerable splashing and jumping of the 
solvent. Quantitative results were therefore not attainable 
unless loss of the solvent from the top of the container could 
be prevented. By experimentation it  was found tha t a cer
tain mixture of 95 per cent ethyl alcohol and petroleum ether 
(Skelly-solve B used throughout this work) produced a foam 
which prevented this splashing and jumping of the solvent. 
In  order to  study the limitations of concentration of the two 
constituents of the foaming solvent the following experiment 
was performed.

A total of 200 ml. of varying concentrations of 95 per cent 
ethyl alcohol and petroleum ether were made up in 250-ml. 
Erlenmeyer flasks, which were placed in a water bath at 27° C. 
The various mixtures were then successively placed in the con
tainer of the blender and the time in seconds was noted for the 
last bubble of the foam to disappear after the motor had been 
turned off. Both constituents had an initial 3-second period for 
the last bubble to disappear, which in reality was the time re
quired for the knives to stop after the motor had been turned off. 
The results are shown in Figure 1.

Fresh green samples were cut up with scissors sufficiently fine 
for accurate sampling. Silage samples were ground through a 
food chopper preparatory to sampling. One to 4 grams of the 
prepared sample were weighed out and transferred to the con
tainer of the blender.
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The foaming mixture used in this study was approximately 
57 per cent of 95 per cent ethyl alcohol by volume. It con
sisted of 100 ml. of 95 per cent ethyl alcohol and 75 ml. of petro
leum ether which was added to the blender containing the sample. 
The blender was then run for 5 minutes, which was sufficient time 
for macerating the sample and extracting the carotene. Some
times it was necessary to add more alcohol to the mixture to in
duce foaming. The lack of foaming is due to t)ie water contained 
in the sample.

The residue was permitted to settle, and the supernatant liquid 
was transferred to a separatory funnel with the aid of a glass rod 
and a small funnel. Sufficient water was added to make the 
alcohol concentration equal to about 80 per cent, after which the 
hypophase was separated from the epiphase. The residue was 
then washed with 30 ml. of petroleum ether, which in turn was 
used to extract the alcohol layer. The residue and alcohol layer 
were again twice treated with 30 ml. of petroleum ether. The 
combined petroleum ether extracts were washed with tap water 
six or seven times to remove all the alcohol. The extract was 
concentrated under vacuum in an Erlenmeyer flask to about 25 
ml., the process being hastened by running hot water over the 
flask. The carotene was then separated from the other pigments 
by passing the extract through a column of dicalcium phosphate
(3). The filtrate was made up to volume and the carotene 
concentration evaluated with a photoelectric colorimeter.

With dried samples some difficulty was encountered in ob
taining quantitative extraction. Commercial dehydrated al- 
falfa-leaf meals could be extracted quantitatively without any 
difficulty. However, the carotene was not extracted quan
titatively from hay samples that were put through the 1-mm. 
screen of a Wiley mill. This difficulty was overcome by placing 
the weighed sample (2 grams) on a filter paper in a funnel and 
washing with 25 ml. of hot tap water (60 to 70° C.). The 
excess water was drawn off by light application of vacuum, the 
sample was then transferred, and the same procedure was fol
lowed as with the green material.

In order to determine whether the treatm ent had ex
tracted the carotene quantitatively, the values obtained were 
checked against those secured by a  recently published method
(S) which consisted mainly of grinding the sample in a  mortar 
with sand and refluxing for one hour with alcohol. The re
maining part of the procedure was identical with th a t out
lined above. The results of these comparisons are shown in 
Table I.

D iscu ssion

The blender with the foaming mixture extracted the caro
tene as effectively in 5 minutes as refluxing the sample with 
alcohol for 1 hour. The extraction method has another ad
vantage in th a t it is not necessary to grind the silage or 
green samples in a m ortar previous to extraction, and further
more, in the case of fresh green material enzyme destruction 
of the carotene is minimized because of the short time re
quired to macerate the sample.

T a b l e  I. C a r o t e n e  V a l u e s

(Obtained by refluxing with alcohol for 1 hour or extracting in the  blender 
for 5 minutes)

Sample Alcohol E xtraction  Blender E xtraction
M  xerograms per or am

Fresh green material
June grass 
Clover 
Oats
Alfalfa leaves 
Itye
Dock leaves 
Dandelion leaves 
C arro t tops 
Cabbage-weed leaves 
P lantain leaves 
Clover leaves 
Carrot root

Silages
Alfalfa-brome grass

Sweet clover

Corn

Alfalfa

Hay 8 

Alfalfa

153.0 158.0
195.0 202.5
130.0 130.0
97.0 105.0

100.0 102.0
135.0 130.0
80.0 75.0

135.0 141.0
131.0 135.0
100.0 100.0
169.0 170.0
103.0 109.0

42.5 40.5
30.3 31.0

5 .5 5 .0
5 .3 5 .0
4 .5 4 .8
1.0 1.3

42.3 30.8
32.5 31.0
25.0 24.5

11.3 12.0
5 .5 6 .0
7 .5 7 .8

24.5 25.0
7 .5 8 .0

13.0 14.5
1.8 2.1

30.0 30.5
82.0 82.0
02.5 62.5
51.0 54.0
53.0 54.0
61.0 61.0
64.0 63.0

Ï ' ig tjr e  1 . R e l a t io n s h i p  b e t w e e n  S t a b il it y  o f  F o a m  a n d  
C o n c e n t r a t io n  o f  95  P e r  C e n t  E t h y l  A l c o h o l  a n d  

P e t r o l e u m  E t h e r

Soybean

D ehydrated alfalfa-leaf meal

In making carotene determinations by this method certain 
precautions are necessary. The concentration of water must 
be so limited th a t the two solvents remain miscible with each 
other. As soon as the addition of water makes them im
miscible the foaming tendency disappears and it is often neces
sary to  add more alcohol to the mixture. Although it  was 
not tried, the use of absolute alcohol might obviate to  a large 
extent the addition of more alcohol. The method works 
especially well where chromatographic separation is to be 
made on the extract.

The dried samples m ust be wet with water before extrac
tion where the sample is not finely ground, probably because 
the mixture is not able to wet entirely the inside of the large 
stemmy particles. The water apparently wets the particles 
and is replaced by the solvent during extraction.

Figure 1 shows th a t there is considerable latitude in the 
concentrations of alcohol and petroleum ether possible, since 
a mixture which foams for a  greater period than 4 to  4.5 
seconds is usable. However, concentrations of petroleum 
ether greater than 43 per cent by volume were not tested for 
their ability to extract carotene.

There is some indication th a t the mixture of the two sol
vents is a better solvent than alcohol by itself—for instance, 
only small amounts of lycopene were extracted from tomatoes 
with alcohol, while the mixture was quite effective.

Experiments with mixtures of other solvents indicated th a t 
the foaming tendency was largely limited to  these two sol
vents.
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Rapid Determination o f Phosphorus in Ferro
molybdenum and in Calcium Molybdate

L O UIS SIL V E R M A N , 5559 H obart S t .,  P ittsb u r g h , P en n a .

TWO methods have been given for the 
determination of phosphorus in ferro- 
molybdenum (2).

In the first method, the solution of the alloy 
is treated with ammonium or sodium hydrox
ide, to remove most of the molybdenum.
Two separations are usually suggested; if 
only one separation is used a long process of 
washing is required. With the bulk of the 
molybdenum removed, the iron precipitate 
can be dissolved and the phosphorus precipi
tated with ammonium molybdate, as in steels.
In a second method, the phosphorus is 
separated as magnesium ammonium phosphate in the presence of 
citric acid. This method is no more satisfactory for phosphorus 
than is the separation of magnesium under the same conditions. 
Precipitation is slow (overnight) and not always complete.

With calcium molybdate, ferric chloride can be added to the 
solution of molybdate with subsequent separation by ammonium 
hydroxide, as in the ferromolvbdenum method.

This paper presents a more rapid routine method for the de
termination of phosphorus in ferromolvbdenum and in cal
cium molybdate.

E xperim ental

F e b r o m o l y b d e n u m . A 1-gram sample was transferred to a 
tall form 300-cc. beaker, 10 cc. of (1 +  2) nitric acid were added, 
and the beaker was immediately covered with a watch glass. 
After the first rapid reaction, the beaker was placed on a warm 
plate to complete solution of the allov, then removed from the 
plate and hydrofluoric acid was added (10 drops for low and 20 
drops for high-silicon alloys). Then 10 cc. of perchloric acid 
(70 per cent technical) were added, and the beaker was set in a 
“no-bump beaker” holder on the hot plate. The cover was re
moved to distill out the nitric and hydrofluoric acids, then re
placed. Heating was continued until considerable amounts' of 
molybdenum trioxide separated. Poor results were obtained on 
those samples which were not fumed well.

The beaker was cooled, and about 25 cc. of water were added. 
From a graduate, ammonium hydroxide (specific gravity 0.9) 
was added. A volume of 15 cc. was found satisfactory to dissolve 
all the trioxide and precipitate ferric hydroxide. Another 25-ce. 
portion of water was added to cool the mixture. A thermometer 
was placed in the beaker, and in order to keep the temperature 
below 40° C. the reaction beaker was placed in a larger beaker 
containing cold water. Nitric acid (specific gravity 1.42) was 
added from a buret, and the amount of acid required to dissolve 
the ferric hydroxide was noted. Measured excess portions of 
nitric acid (6, 8, 10, and 12 cc.) were added to a series of beakers 
to determine the optimum volume of nitric acid, 50 cc. of molyb
date solution were added at once, and the mixture was stirred 
several minutes, or put in a shaking device. The cooling bath, 
which was now warm, was not removed (for hand stirring) be
cause it accelerated separation of the yellow precipitate. The 
time of settling and the character of the precipitate were noted. 
The precipitate was filtered and titrated as usual by the alkali- 
metric method.

Since no standard ferromolybdenum was available, a synthetic 
mixture of 0.5 gram of standard steel mid 1 gram of ammonium 
molybdate was used to check the composition of the Drecipitate.

C a l c iu m  M o l y b d a t e . A 1-gram sample was used. The sol
vent was 2 to 1 hydrochloric acid (3) plus one drop of nitric acid. 
Heat was applied till only a small residue was left. From this 
point, the same procedure was followed as for ferromolybdenum.

Procedure

F e k r o m o l y b d e n u m . Transfer a 1-gram sample to a tall 300- 
cc. beaker, add 10 cc. of 1 to 2 concentrated nitric acid, cover with 
a watch glass, and heat, if necessary, to effect complete solution.

Remove from the hot plate, add about 10 
drops of hydrofluoric acid (20 drops for high 
silicas) and 10 cc. of 70 per cent (technical) 

erchloric acid, place in a no-bump beaker, 
eat to heavy fumes, and maintain for about 

5 minutes.
Cool, add 25 cc. of water, shake, add 25 cc. 

of ammonium hydroxide (specific gravity 0.9), 
and stir to dissolve all yellow precipitate. 
Add 25 cc. more of cold water, place the re
action beaker in a larger beaker of water, add 
concentrated nitric acid (sp. gr. 1.42) until the 
ferric hydroxide is dissolved (approximately 
20 cc.), and add just 10 cc. excess of acid. 

While adding the acid, the temperature of the solution should not 
pass 45° C. At once, add 50 cc. of molybdate solution (2), stir 
or shake, let stand 2 hours, filter, wash, and titrate as usual with 
standard acid and alkali (0.148 Ar). 1 cc. = 0.02% P on a 1-gram 
sample.

C a l c iu m  M o l y b d a t e . Transfer a 1-gram sample to a tall 
300-cc. beaker, add a mixture of 15 cc. of 2 to 1 hydrochloric acid 
and 1 drop of nitric acid, and heat to nearly complete solution. 
Remove from the hot plate, add about 20 drops of hydrofluoric 
acid and 12 cc. of 70 per cent (technical) perchloric acid, place in 
a no-bump beaker, and heat to heavy fumes.

Complete as in the second paragraph for ferromolybdenum, 
noting that ammonium hydroxide yields a white precipitate with 
calcium molybdate instead of the red iron precipitate with ferro
molybdenum.

D iscu ssion
The obvious way to determine phosphorus in ferromolyb

denum is to dissolve the sample in nitric acid and precipitate 
with molybdate. The fact tha t standard texts do not present 
this method indicates th a t it has not been entirely successful.

The problems a re : to take care of interfering elements, to 
prevent the separation of free molybdic acid, and to form the 
easily filterable “yellow precipitate” .

Of the interfering elements, silica and insoluble silicates 
are taken care of by hydrofluoric acid. Organic m atter is 
oxidized by nitric and perchloric acids. Vanadium, present 
in only small amounts, is token care of by the relatively high 
nitric acid content (i). Likewise, the small amounts of 
tungsten are converted to ammonium tungstate by the excess 
ammonium hydroxide, and upon acidification neither retard 
precipitation of phosphorus nor precipitate as tungstic acid 
in this large volume of solution (150 cc.). Precipitation at 
40° C. eliminates interference by arsenic.

To prevent the precipitation of free molybdic acid, note 
was token of the technique in the preparation of the “stock 
molybdate solution” (.3)—i. e., dissolve molybdic acid in an 
excess of ammonium hydroxide and water, then acidify in the 
presence of considerable excess of ammonium ion, and main
tain an excess of 10 per cent nitric acid by volume.

Under these conditions of acidity and of concentrations of 
ammonium nitrate and perchlorate the yellow precipitate 
which formed was dense and settled within 2 hours. The 
color was not reddish, as would be the case if vanadium were 
carried down. Additional precipitate did not form overnight 
showing th a t free molybdic acid was not separating.

The above remarks also apply to calcium molybdate, for 
after solution in hydrochloric acid, addition of hydrofluoric 
acid, and subsequent fuming with perchloric acid, the ma
terial is found in the same state as the ferromolybdenum.

One precaution must be emphasized. After the sample 
has been fumed with per chloric acid, the beaker is removed

P h osp h oru s in  ferro
m oly b d en u m  and in 
ca lc iu m  m oly b d a te  is 
determ in ed  (w ith o u t  
previously  filtering  off 
any com p ou n d s) as th e  
yellow  p lio sp h om olyb -  
date.
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T a b l e  I. D e t e r m in a t io n  o f  P h o s p h o r u s  i n  S y n t h e t ic  
S a m p l e s

F  erromolybdenum
0 .0 2 5 ,0 .0 2 6 ,0 .0 2 8 %  (Si 0 .64% )
0.026, 0.027, 0.028%
0.025, 0.027, 0.027%
0 .0 2 8 ,0 .0 3 0 % «  (Si 0 .77% )
0.036, 0 .038%  (Si 0 .90% )

Calcium M olybdate
0.014, 0 .015, 0.017%

° M anufacturer’s analysis: P  0.028%, Si 0.74%.

from the hot plate and cooled, and 25 cc. of water are added, 
followed by 25 cc. of ammonium hydroxide. The mixture 
must be stirred to  dissolve all the molybdic acid. Failure to 
do so leads to high results. Previously, solid ammonium 
nitrate had been used (because of its cooling effect) in con
junction with less ammonium hydroxide, but the technique 
was changed to include 25 cc. of ammonium hydroxide to be 
certain th a t no deposits of oxide remained.

The purpose of the “synthetic sample” is to check the yel
low precipitate, and to show tha t the standard sodium hy- 
hroxide-liydrochloric acid solutions should be 0.148 N  as with 
the usual precipitations for phosphorus a t 40° C. Ordinary 
yellow precipitate, (N’H 4)3POj.1 2 Mo0 3 , requires 23 moles of 
sodium hydroxide for each mole of phosphorus P; but when

precipitation takes place a t about 80° C. the yellow precipi
tate is (NHOsPO4. i2 MoOj.HNO1, which requires 24 moles 
of sodium hydroxide per mole of phosphorus. Thus, the fact 
that there exists more than one yellow precipitate requires 
proof as to whether or not a new yellow precipitate forms 
under the new conditions of precipitation. The results indi
cate tha t the familiar (NII4)3PO.i.l2Mo03 forms.

Two previous papers (4) have discussed the determination 
of sulfur and copper in ferromolybdenum.

Results
The first synthetic sample was 1 gram of ammonium molybdate 

plus 0.5 gram of Bureau of Standards No. 82 (0.102% P, 2.78% 
C, 2.09% Si), planned to represent a high-silicon high-carbon 
ferromolybdenum. This represented 0.051 per cent phosphorus. 
The recovery was 0.051 and 0.051 per cent. A second synthetic 
sample used Bureau of Standards No. 19c (0.049% P, 0.21% C, 
0.20% Si). This represented 0.025 per cent phosphorus. The 
recovery was 0.023 and 0.026 per cent phosphorus.

Results for routine determinations are found in Table I.

L iterature Cited
(1) Johnson, C. M., “Chcmical Analysis of Special Steels” , 3rd ed.,

p. 42, New York, John Wiley & Sons, 1920.
(2) Lundell, G. F ., “Chemical Analysis of Iron and Steel” , Chapter

11, New York, John Wiley & Sons, 1931.
(3) Ibid., Chapter 36.
(4) Silverman, Louis, Ind. E ng. C h em .. A n a l .  E d., 10, 433 (1938);

12, 343 (1940).

Determination o f Zirconium in Steel
A Rapid Colorimetric Method

W ALTER G . IIA Y ES AND EDW ARD W . JO N E S, G reat L akes S tee l C orp., C h em ica l L aboratory, E corse-D etro it, M ich .

THE authors, needing a rapid routine method for the 
determination of zirconium in steel and finding none 
that was completely satisfactory, made a search of the gen

eral literature on zirconium determinations. After investi
gation of several methods, the precipitation of zirconium by 
p-dimethylaminoazophenj'larsonic acid described by Feigl
(1), together with the colorimetric measurement of the pre
cipitated reagent as reported by Nazarenko (2), was selected 
as the most satisfactory approach.

This determination can be made without preliminary sepa
ration of iron or other elements, although considerable 
amounts of manganese, silicon, chromium, etc., are present 
in the steel. This, however, necessitates standardization 
against similar steel of known zirconium content. The im
portance of this is shown in Figure 1, which was obtained by 
plotting milligrams of zirconium against the readings of a 
Cenco-Sheard-Sanford photelometer on semilog paper.

When no considerable amount of other metals is present, 
and the solutions to be precipitated contain more than 5 
micrograms in 10 ml. or less of 2 N  hydrochloric acid, line C 
is obtained. The precipitate in this case probably contains 
the reagent and zirconium in the proportions of 2 to 1, as 
indicated by [(CH3)2 N<( )>N =  N<(  >̂AsQ3];Zr.

When the solutions contain the same amount of zirconium 
in 50 ml. of 2 N  hydrochloric acid, line B  is obtained. In 
this case, much of the zirconium probably precipitates as 
[ ( C H , ) , N < ^ >  =  X<^ >AsQ3]ZrO. Lineal, which is

used with the proposed method, was obtained by precipitating 
the zirconium from 50 ml. of solution containing 0.1 gram of 
steel, which had been analyzed for zirconium by the selenious 
acid method. If extreme accuracy were desired, a prelimi
nary separation of zirconium by means of a mercury cathode 
or other suitable method would make it possible to use line C, 
giving about twice as many scale divisions for the same 
amount of zirconium.
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R eagen ts R equired
Hydrochloric acid, 1 part to 1 part of water. Crystalline 

potassium hydrogen sulfate. Ammonium hydroxide, specific

fravity 0.90. Hydrochloric acid wash, 10 ml. of concentrated 
ydrochloric acid per liter of water. Ammonium hydroxide 

wash, 333 ml. diluted to 1 liter with water. p-Dimethylaminoazo- 
phenylarsonic acid, 0.250 gram of dye, 10 ml. of concentrated 
hydrochloric acid, diluted to 250 ml. with ethyl alcohol.

M eth od
Dissolve 1 gram of sample in 50 ml. of 1 to 1 hydrochloric 

acid. When solution is complete, dilute to 75 ml. with water and 
filter. Save the filtrate. Wash the residue 3 times with hot 
water, 3 times with hot 1 to 1 hydrochloric acid, and 3 times 
with hot water. Ignite paper and residue in a platinum crucible, 
fuse ash with as little potassium hydrogen sulfate as needed, 
dissolve cooled melt by heating the crucible, and melt in a 
beaker containing 100 ml. of water and a few drops of sulfuric 
acid. Now remove the crucible, washing well with hot water, 
and to the solution of dissolved melt add 2 drops of methyl 
orange indicator and a slight excess of ammonium hydroxide; 
boil a minute, filter, and wash the precipitate with cold water. 
Put paper and precipitate back into the beaker, add 50 ml. of 
1 to 1 hydrochloric acid, break paper into pulp, and heat to 
boiling. Boil a minute and filter into original filtrate saved from 
first filtration.

Wash well with hot water, transfer to a 500-ml. volumetric 
flask, cool, and dilute to the mark with water. Mix well and 
pi pet 50 ml. of the combined filtrates into a 250-ml. beaker. 
Bring the measured 50 ml. of solution to the boiling point, add 
15 ml. of dye solution, cover with a watch glass, boil 1 minute, 
and remove from plate. Let stand at room temperature for at 
least 30 minutes. Filter through 3 close-texture filter papers, 
wash excess dye from papers, and precipitate with hydrochloric 
acid wash solution. After washings are absolutely colorless, 
set the funnel containing washed paper and precipitate into the 
neck of a 100-ml. volumetric flask. Now remove dye combined 
with zirconium by washing with ammonium hydroxide wash, 
about 3 to 4 washes. Dilute to the mark with water, mix well, 
and fill absorption cell by filtering through cotton. Photoelec
tric reading is read in milligrams of zirconium on plotted curve.
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In this case, weight in grams X 10 X 100 =  per cent zirconium. 
The solution of dye which is colorimetered is yellow. A blue 
filter is used in the photelometer.

In  the authors’ laboratory this determination is made in 
less than 2 hours. The results do not deviate by more than 
0.005 per cent from those obtained by the selenious acid 
method.

This method is subject to  the same necessity for fusion of 
the insoluble zirconium with potassium pyrosulfate tha t is 
m et in all other methods. I t  is possible, however, to elimi
nate the usual sodium carbonate fusion when working with 
steel containing less than 0.05 per cent of phosphorus. The 
authors have added phosphorus to the original solution of 
the steel in amounts equivalent to 0.170 per cent without 
producing any significant change in the results for zirconium. 
However, with some steels a sodium carbonate fusion of the 
residue should be made before fusion with potassium pyro
sulfate.

Titanium  interferes with this method by reacting in the 
same manner as zirconium, bu t this can be prevented by 
adding 3 drops of 3 per cent hydrogen peroxide before the pre
cipitation, if the titanium  is not more than 10 times the zir
conium content.

The p-dimethylaminoazophenylarsonic acid obtained from 
the Paragon Testing Laboratories, Orange, N. J., has been 
found very satisfactory.

The authors were handicapped in their work by the fact 
th a t there is no Bureau of Standards steel sample of certified 
zirconium content.

L iteratu re  C ited
(1) Feigl, F., Krumholz, P., and Rajm an, E ., Mikrochemie, 9. 395

(1931).
(2) Nazarenko, V. A., J . Applied Chem. (U. S . S. R.), 10, 1696-9

(1937).
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A Study o f the Ferric Thiocyanate Reaction
CH AR LES A . P E T E R S A N D  C H E ST E R  L. FR E N C H , M a ssa c h u se tts  S ta te  C o llege , A m h erst, M ass.

TH E thiocyanate method for iron is much used. How
ever, it has some disadvantages. N itrates generally in
tensify the color, although small amounts may be tolerated 

with some concentrations of thiocyanate (14, 16). Phos
phates change and decrease the color (4, 6) and salts may 
interfere (1, 3, 6, 9 ,13). In  view of these facts a  study of the 
optimum conditions for the development of the red ferric 
thiocyanate color and the effect of salts on the color was under
taken.

I t  has been assumed by Schlesinger and VanValkenburgh 
(IS) th a t the red substance is the complax ion, Fe(CNS)s ; 
however, the work of Bray and Hershey (2) and Lamb and 
Jacques (f>), indicating the existence of FeOH++ and FeCl++, 
leaves the authors ready to  accept evidence th a t the complex 
m ay contain less than six thiocyanate ions.

Procedure and  R eagen ts
Dilutions of an iron wire solution, oxidized with hydrogen per

oxide, were prepared daily and had a pH of 2.5. The reagents 
were added in the following order: thiocyanate, dilution water, 
acid, hydrogen peroxide, iron, and water to the mark. Hydro
gen peroxide, when used, was added in quantity to make the solu
tion either 0.0032 or 0.0064 molar. Inasmuch as the formula 
weights of CNS and Fe are nearly the same, the figures as p. p. m. 
may be read as molar quantities with only slight loss in accu
racy.

In terfer in g  S u b stan ces
Nitric acid intensifies the color with thiocyanate in the 

presence of iron. Experiments in the absence of iron showed 
th a t solutions 0.1 N  with nitric acid also developed a color 
when the thiocyanate concentration exceeded 0.1 N  and, 
if the acid were changed to hydrochloric, solutions 1.26 N  with 
this acid developed a color when the thiocyanate exceeded 
0.05 N ;  when the hydrochloric acid was weaker, 0.1 N , the 
thiocyanate had to be 0.4 N  to develop color.

In  a previous article (11) the amounts of hydrogen peroxide 
necessary to  make a colored substance from thiocyanate were 
given, b u t no limit for a  safe maximum was set. Further work 
showed tha t the peroxide could be increased to 0.0064 M  with
out significant error, but greater concentrations intensified 
the yellow color produced.

T h io cy a n a te -Iro n  In flu en ce o n  Color
From the formula Fe(CNS)j one would expect to ob

tain a  colored solution when the molar ratio of CNS/Fe 
equaled or exceeded 6. In  order to find out if the amount 
of thiocyanate necessary to  produce a color bore any relation 
to  this ratio, several experiments were performed in which 
various amounts of thiocyanate were added to  iron in 50-ml. 
Nessler tubes, the acidity being 0.01 N . The least amount of



September 15, 1941 A N A L Y T I C A L  E D I T I O N 60S

tliiocyanate necessary to develop a color was measured. The 
results are used to make Figure 1. The experiment was re
peated in the presence of hydrogen peroxide, but the findings 
were not significantly different. I t  appears th a t when the 
ferric ion is 0.1 p. p. m. the thiocyanate must be 60 p. p. m. to

0 5  10  1.5 2.0
f e r r i c  xo*, ?. r. u.

F ig u r e  1. A m o u n t s  o f  T h io c y a n a t e  a n d  
I k o n  N e c e s s a r y  t o  S h o w  C o l o r

show a color; when the iron is 1.0 p. p. m. only 4.5 p. p. m. 
of thiocyanate are necessary. Apparently, with the higher 
concentration of iron, only part is active in producing color 
or else there is a colored substance with less thiocyanate than
the postulated Fe(CNS)6 . I t  is evident tha t the presence
of six ions of thiocyanate to one of iron does not necessarily 
mean tha t a colored substance is formed.

E ffect o f  H ydrochloric Acid

In the next series of experiments the effect of varying 
amounts of hydrochloric acid on the production of the red 
color was observed. In  the first set the iron was 0.5 p. p. m., 
the thiocyanate 3.0 p. p. m. (ratio 6), and the acid concen
tration varied from 0.002 to 0.010 N  in ten tubes; no color 
was evident. In  the second set the iron and thiocyanate 
were not changed, but the acid concentration was varied 
from 0.02 to 0.10 N  in nine tubes; a slight color was present 
in all experiments, but no difference could be detected between 
the individual tubes. In  the third set the thiocyanate was 
increased ten times to 30 p. p. m. (ratio 60), and the acid 
concentration varied from 0.002 to 0.40 N. A slight color 
appeared in all tubes, the strongest being a t an acidity of 
0.01 N. I t  is evident th a t most color appears when the acid 
concentration is 0.005 to 0.010 N  and tha t the color decreases 
when the acid is either less than 0.005 N  or greater than 
0.01 N. The data also show tha t when the CN S/Fe ratio 
was 6 color first appeared when the hydrochloric acid was 
0.02 N , while when the CN S/Fe ratio was 60 color first ap
peared when the hydrochloric acid was 0.002-0.005 and the 
maximum color appeared a t 0.01 N . Thus a t higher thio
cyanate concentrations less acid is required to bring out the 
color.

I t  is possible th a t a  change in the amount of iron would 
cause a change in the acidity requirements. Accordingly the 
iron was increased to  5.0 p. p. m., and the thiocyanate to  150 
p. p. m. (ratio 30). Again most color appeared a t an acid

concentration of 0.01 N , decreasing as the acidity decreased 
or increased from this figure. The acidity 0.01 N  thus ap
pears to be the optimum for iron determinations when hydro
chloric acid is present. This concentration seems just about 
enough acid to prevent hydrolysis of the ferric ion; however, 
the slowness of this reaction, as noted by Lamb and Jacques 
(6), would have the same effect as the presence of more acid. 
Calculation of the amount of FeO II++ existing a t a pH of 2, 
using 3 X 10~3 as the equilibrium constant {6, p. 1219), shows 
tha t an appreciable amount exists a t  tha t pH under equilib
rium conditions.

E f f e c t  o f  A c id  C o u n t e r a c t e d  b y  T h i o c y a n a t e . The 
previous results showed th a t the red color was less intense 
as the acid concentration was increased beyond 0.01 N  when 
the CN S/Fe ratio was 60. To see if this relationship held a t 
higher concentrations of thiocyanate, varying amounts of 
thiocyanate were added to Nessler tubes containing different 
amounts of acid a t two iron levels and the color intensities 
were compared. The time from mixing to reading was about 
7 minutes. Table I  gives the data. I t  seems th a t a t high 
thiocyanate concentrations the influence of the acid in de
creasing the red color is lessened—for example, changing the 
acid from 0.01 to 0.60 N , when the concentration of thio
cyanate was 240 p. p. m. and the CN S/Fe ratio was 2400, 
resulted in less color in the more acid solution. This held 
also for a thiocyanate concentration of 1200 p. p. m., CN S/Fe 
ratio 12,000, but when the concentration of thiocyanate 
reached 2400 p. p. m. no difference in color was noticed with 
increased acid. In  other words, with a small amount of iron 
(0.1 p. p. m.), a  thiocyanate concentration of 0.040 N  (2400 
p. p. m.) produces the same color whether the acid is 0.01 or 
0.60 N. When the amount of iron is increased five times to 
0.5 p. p. m. it is necessary to increase the thiocyanate concen
tration to over 11,000 p. p. m., C N S/Fe ratio 22,400, before 
the effect of the stronger acid is overcome. However, a t the 
two different iron levels a t the point where the effect of acid 
is overcome by thiocyanate, the CN S/Fe ratios are essen
tially the same. The usual analytical practice is to use a thio
cyanate concentration of approximately 0.3 N  which is, ac
cording to this work, high enough to minimize the effect of the 
acid in lessening color.

T a b l e  I .  E f f e c t  o n  R e d  C o l o r  o f  V a r y in g  T h io c y a n a t e  
C o n c e n t r a t io n  a t  D i f f e r e n t  A c i d i t i e s

Tube Cl_ CNS Color
No. Fe HC1 CNS CNS Fe In tensity

P. p. m. N P . p. m. M P . p. m. P . p. m.

1 0.1 0.01 240 2 .4 1.5 2,400 < 2  b u t >4
2 1,200 0.48 0 .30 12,000 < 3  bu t > 5
3 2,400 0.24 0 .15 24,000 Same as 6
4 0 .1 0 .60 240 150 91 2,400 < 5  and <1
5 1,200 29 18 12,000 < 6  and <2
6 2,400 15 9 .1 24,000 Same as 3
7 0 .5 0.01 561 1.0 0 .65 1,122 < 8  bu t >11
8 1,122 0.52 0.33 2,244 < 9  bu t >12
9 5,610 0.10 0.06 11,220 < 10  bu t >13

10 11,220 0 .05 0.03 22,440 Same as 14
11 0 .5 0 .60 561 62 3.9 1,122 <12 and <7
12 1,122 31 2 .0 2,244 <13 and <8
13 5,610 6 .2 0.39 11,220 <14 and <9
14 11,220 3.1 0.20 22,440 Same as 10

Considering the Cl/CNS ratio and its effect on the red 
color, it is found tha t tube 1, Table I, where the Cl/CNS 
ratio in p. p. m. was 1.5, had more color than tube 4 where 
the ratio was 91. Tube 2, with a Cl/CNS ratio of 0.30 had 
more than tube 5 where the ratio wa3 18, but in tube 3 with 
a Cl/CNS ratio of 0.15 the color was identical with th a t of 
tube 6 where the Cl/CNS ratio was 9.1 and the amount of acid 
increased 60 times. I t  may be concluded th a t when the 
thiocyanate concentration is high the chloride ion is less de
structive to  the red color. Much the same conclusion was 
reached in the previous paragraph.
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Color Increase w ith  T h io cy a n a te  C on cen tration

The effect of an excess of thiocyanate on the color intensity 
was next investigated. In  the first experiment the solution 
was 0.01 N  in hydrochloric acid, the iron was 20 p. p. m., and 
the CN S/Fe ratio was varied from 1 to 12. The intensity of 
ratio 6 was taken as standard on the colorimeter. The results 
are shown in Figure 2. I t  is evident th a t color increases 
linearly as the CNS/Fe ratio increases.

T a b l e  II. E f f e c t  o f  L a r g e  E x c e s s  o f  T h io c y a n a t e  o n  R e d

Color
In tensity

Color increases with 
increase in CNS con
centration

C o l o r

Tube CNS
No. Fe HC1 CNS CN S Fe

P. p. m. N P. p. m. AT P. p. m.
1 1 .0  0.01 60 0.001 60
2 120 0.002 120
3 240 0.004 240
4 360 0.006 360
5 480 0.008 480
6 600 0.010 600
7 1,200 0.020 1,200
8 1,800 0.030 1,800
9 2,400 0.040 2,400

10 p o o 240 0.004 2,400
11 360 0.006 3,600
12 480 O.OOS 4,800
13 600 0.010 6,000
14 720 0.012 7,200
15 840 0.014 8,400
16 960 0.016 9,600
17 1,080 0.018 10,800
18 1,200 0.020 12,000
19 1,800 0.030 18,000
20 2,400 0.040 24,000

21 0 .1  0 .5 28,880 0 .5 288,800
22 57,760 1.0 577,600
23 86,640 1.5 866,400
24 115,520 2 .0 1,155,200
25 144,440 2 .5 1,444,000

Color increases 
CNS

with

Color increases with 
CNS

In  the next series of experiments (Table II)  the thiocyanate 
concentrations were increased progressively a t different iron 
and acid concentrations. The color increases with increased 
thiocyanate concentration in each unit of the series and there 
seems to  be no limit of color intensity th a t may not come from 
increasing concentrations of thiocyanate.

E xperim ents w ith  A cids and  A nions

In order to  find out if the maximum color effects were due to 
hydrogen ion and not to the anion, iron salts of several acids 
were used with thiocyanate in a series of experiments similar 
to  the ones described. The experiment with nitric acid 
showed tha t the tubes with acidities ranging from 0.005 to 
0.01 N  had the maximum color. When sulfuric acid or per
chloric acid was used, the maximum color developed in the 
0.01 N  acid tube only. Calculations showed th a t the activity 
coefficient of the hydrogen ion in these solutions is of the 
order of 0.9. Apparently the hydrogen ion and not the 
anion is the effective agent in these low concentration ranges.

To determine the effect of the anion on the color produced, 
other experiments were made in which equivalent amounts of 
hydrochloric, nitric, sulfuric, and perchloric acids were used 
with ferric ion. In  all tubes the C N S/Fe ratio was 60 and the 
iron and acid concentrations were 0.5 p. p. m. and 0.01 N , 
respectively. The solutions were mixed and compared im
mediately. The depth of color in the chloride, nitrate, and 
perchlorate tubes varied slightly and in the order C10.i_ >  
N 0 3 ~ > C 1~, while the sulfate tube was practically colorless.

E ffect o f  S a lts

The initial amounts of reagents necessary to  produce a color 
lasting a t least 15 minutes were found to be

FeCU 0.0000179 M  (0.1 p. p. m. Fe + + +)
N aCN S 0 .2  X
HC1 0.01 .V
HiOi 0.0064 N  (equivalent to  0.18 ml. of 3 per

cent solution in 50 ml.)

g?.:

F ig u r e  2. I n c r e a s e  o f  C o l o r  w i t h  I n c r e a s in g  T i i io - 
c y a n a t e  

Acidity  0.01 JV

Into a series of such solutions were put various salt solu
tions in the endeavor to find out the least am ount of salt neces
sary to lower the intensity of the color. All solutions were 
compared with a fresh standard in Nessler tubes. The results 
are shown in Table I II . In the case of all salts studied ex
cept the nitrate, the red color was decreased; with the nitrate 
the color was increased. The amounts of salts necessary to 
lower color intensity vary widely. Taken in order of decreas
ing efficiency they are pyrophosphate, monohydrogen phos
phate, tertiary phosphate, dihydrogen phosphate, sulfate, 
chloride, and nitrate. Sodium chloride interfered least with 
the red ferric thiocyanate color. Table I I I  also shows the 
sa lt/F e and the salt/C N S ratios existing a t the point where 
the salt first causes a lessening in the color intensity. These 
ratios show th a t a t  the point where salt interference began 
the molar concentration of sodium chloride was 260,000 times 
th a t of the iron, while the sodium pyrophosphate was only 
0.84 times th a t of the iron. The values of the salt/iron ratios 
for the other salts which decreased the red color varied be
tween these two limits.

T a b l e  III. M in im u m  A m o u n t s  o f  S a l t s  N e c e s s a r y  t o  R e 
d u c e  R e d  F e r r ic  T h io c y a n a t e  C o l o r  I n t e n s it y

M olarity Salt Salt Color G reater or
Salt of Sait Fe CNS Less th an  Standard

M /M M /M
NaNOa 0.67 370,000 3 .4 -f
NaCl 0.46 260,000 2 .3 —

NajSO< 0.076 42,500 0 .38 —

NaHjPO< 0.00065 360 0.0033 —

NajPO< 0.00063 350 0.0032 —

N a-HPOi 0.00017 95 0.0009 —

NaiPjOî 0.0000015 0.84 O.OOOOOS —

Leeper (S) gave values of sodium monohydrogen phosphate 
and sodium pyrophosphate which interfere in 50 ml. of ferric 
thiocyanate solution as 100 to 120 mg. and 0.40 mg., respec
tively, calculated as phosphoms pentoxide. The authors’ 
work shows the values for these same salts as 0.47 and 0.004 
mg., respectively. Leeper’s solutions were 0.4 N  with sulfuric 
acid and 0.25 N  w ith ammonium thiocyanate, while the 
authors’ solutions were 0.01 N  with hydrochloric acid, 0.2 A 
with sodium thiocyanate, and 0.0032 M  with hydrogen per
oxide. This seems to indicate th a t the increase of acid con
centration increases the tolerance of the two phosphate salts 
mentioned.

E ther E xtraction
To see whether the CXS/Fe ratio had any effect on the ether 

extraction of the red color, 5 ml. of ether were added to 50-ml. 
Nessler tubes containing varying amounts of thiocyanate and
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constant amounts of iron and acid were used. With lesser 
amounts of thiocyanate, color was observable which would not 
extract with ether, but as the amounts of thiocyanate increased 
the colored substance was extracted. The duta are shown in 
Table IV, tubes 1 to 10. Other solutions, tubes 11 to 13, ex
tracted with 7 ml. of ether, showed that color was first extracted 
at a CNS/Fe ratio of 464. To prove further that ether extracts 
the colored substance only at higher CNS/Fe ratios, a solution 
which gave an extractable red color was taken. Part of this 
solution was diluted to a point where color should not extract 
and iron and acid were added to match the original concentrations. 
No color was extractable. The nonextractable color was more 
brownish than the usual ferric thiocyanate color, but in a Nessler 
tube, by a human eye comparison, it would be read as iron.

T heory
Water molecules may be present in the ferric thiocyanate 

complex and may produce hydrogen ions leaving hydroxyl 
ion in the complex, as follows from the theory of olalion 
{IS), and also from the work of Bray and Ilershey (2) and 
Lamb and Jacques (6‘) which requires tha t hydroxyl ion 
change to water below the hydrolysis point.

T a b i.e  IV. E f f e c t  o f  CNS/Fe R a t io  o.v E t h e r  E x t r a c t  o f  
F e r r ic  T h io c y a n a t e  

(Fe, 1.0 p. p. in.; HC1, 0.01 .V)
Tube CNS Aqueous

No. Fe Layer E ther Layer
1 300 Colored No color
2 1,200 Colored No color
3 1,392 Colored Pink
4 1,624 Colored Pink
5 1,850 Colored ?
6 2,088 Colored Pink
7 2,320 Orange Pink
S 4,640 Orange More pink than  7
9 9,280 Orange More pink than  8

10 92,800 Orange M ore pink than  9

11 232 Color No color
12 325 Color No color
13 464 Color Slight color

The production of color by higher thiocyanate ion concen
tration a t lower acidities apparently indicates a contest 
between the thiocyanate ion and water for a place in the com
plex. When the thiocyanate ion is high less water would be 
expected to enter and so less hydrogen ion would be necessary 
to prevent hydrolysis; consequently a more intense color is 
seen. This indicates th a t the pH a t which iron precipitates 
is dependent upon the other ions in solution in addition to 
hydrogen.

The fact tha t the most intense color appears a t an acid 
concentration of 0.01 N  indicates tha t a t lower acid concen
trations the hydrogen ion splits off from the water molecules 
in the ferric-aquo complex. The less intense color a t high 
concentrations of acid is to be expected from the salt effect. 
Further, the action of acid may show itself in reducing the 
ionization of thiocyanic acid. Latimer (7) gives the value of 
K  for thiocyanic acid as 1 X 10_4. Consequently, the in
crease of hydrochloric acid should be effective in reducing the 
thiocyanate ions available for complex formation and thus be 
part of a mechanism in which increased acidity produces less 
of the colored substance. However, the less intense color a t 
higher concentrations of hydrochloric acid may be due also to 
the chloride ion getting a position in the complex in the place 
of thiocyanate ions; th a t such action is probable is inferred 
from the work quoted (6), which gives evidence of the exist
ence of FeCl++. At higher concentrations of thiocyanate 
ion the chloride ion would be expected to have greater diffi
culty in forcing its way into the complex and so it is possible 
to explain the fact th a t the lesser amount of colored substance, 
produced when the chloride-ion concentration is high, is in
creased when the concentration of thiocyanate ion is greater. 
The action of salt ions in lessening the color is similar; each 
forces its way into the complex according to its individual 
tendency in competition with the thiocyanate ions. The ex

planation of the descending order of effect on color of the series 
perchlorate, nitrate, chloride, sulfate, would lie in the fact, 
as stated by Bray and Ilershey (2), tha t chlorates and nitrates 
do not form complexes with iron while chlorides may form 
FeCl++. The formation of sulfate complexes is commonly 
assumed. The more iron is used up to form other complexes 
the less is left for union with thiocyanate.

The increase in color intensity from a given amount of 
iron, when the thiocyanate concentration is continually in
creased, indicates tha t there is no end to the increase in col
ored substance. The conclusion from this is th a t the ferric 
thiocyanate complex is highly dissociated. T hat the reaction 
is so sensitive to concentration changes may be due to the 
high color intensity of the complex. The practical application 
is to emphasize the need for the same concentration of thiocya
nate in both sample and standard.

The failure to extract the brownish-red colored substance 
by ether a t low thiocyanate concentrations points to a com
plex of lesser thiocyanate composition not soluble in ether. 
Evidence tha t there is more than one colored substance pres
ent in ferric thiocyanate solutions has been offered recently 
by M0ller (10).

S u m m ary
Acidity is a factor in color development of ferric thiocya

nate. In general, the most favorable acidity is 0.01 N, larger 
and smaller amounts of acid giving less color.

Increasing the thiocyanate overcomes the effect of higher 
concentrations of hydrochloric acid to lessen color intensity; 
also a t higher concentrations of thiocyanate less acid is needed 
to develop the same color intensity.

Increasing the thiocyanate progressively increases the 
colored substance with no indication of reaching a maximum.

A variation in amount of iron, over a limited range, does 
not change the amount of acid necessary for maximum color 
intensity.

The minimum amounts of several anions which reduce the 
color intensity of ferric thiocyanate, within the limits of the 
experiments here cited, are in the order pyrophosphate, pri
mary phosphate, tertiary' phosphate, secondary phosphate, 
sulfate, chloride, nitrate.

The extraction of the red color by ether depends upon the 
CNS/Fe ratio, and a high ratio is necessary for iron extrac
tion.
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Analysis o f Petroleum  O il-Soluble
Sulfonic Acid Soaps
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T h e source and  types o f  p etro leu m  su l
fo n ic  acid  soaps are d iscu ssed , and  th e  
a n a ly tica l m eth o d s u sed  by th e  au th ors for 
estim a tin g  o il-so lu b le  soap s, or so -ca lled  
“ m a h o g a n y ”  soap s, are described.

PETROLEUM  sulfonic acids are produced in the course 
of sulfuric acid treatm ents of petroleum distillates, par
ticularly in the manufacture of medicinal white mineral oils, 

by drastically treating suitable raw stocks with fuming sul
furic acid. The ordinary acid treatm ent which is often em
ployed in refining lubricating oil stocks does not produce sul
fonic acids of good quality, since normally the acid is weaker 
in strength, and only sufficient acid is used to remove the un
desirable components of an aromatic and asphaltic nature and 
perhaps certain of the sulfur, nitrogen, or similar compounds. 
In  view of the fact th a t the original petroleum distillates con
sist of a large number of individual compounds of molecular 
weights varying over a wide range, the resulting sulfo acids 
will consist of similarly complex mixtures. Some of the acids 
remain dissolved in the oil layer; these are called “mahogany” 
acids. The others are found in the acid layer; these are called 
“green” acids. In  actual practice the acids are not recovered 
as such, but in the form of their sodium soaps.

The oil-soluble sulfonate salts, or soaps, as they are some
times called, have frequently been referred to as petroleum 
sludge soaps or sulfonate naphthenates, but it is believed tha t 
this lias created confusion, and th a t the term “mahogany 
soap” or “petroleum oil-soluble sulfonate” is more correct 
and should be employed. The mahogany sulfonates have 
been more im portant commercially than the water-soluble 
green sulfonates, because they are effective emulsifiers and 
help to  form unusually stable emulsions of oil and water. 
They permit the manufacture of mineral oil compositions 
which emulsify readily, even in hard water. Their emulsi
fying power depends a great deal upon their purity—i. e., free
dom from contamination with inorganic salts—and the purer 
the soaps the better their emulsifying ability. Depending 
on the application and the specific properties desired, fre
quently small amounts of other products, such as glycols, 
fatty  acid soaps, resinates, and fatty  sulfonates, are used in 
conjunction with the petroleum sulfonates to enhance their 
emulsifying power. Generally, however, less than 10 per 
cent of a good grade of the purified soap is required to  emul
sify petroleum oil in water without the use of any accessory 
emulsifier.

The chemistry of the sulfonic acids is discussed in detail by 
Ellis (8) and Dunatan, Nash, Brooks, and Tizard (7). The 
mahogany or oil-soluble sulfonic acids generally consist of the 
compounds of higher molecular weight, and according to 
Schestakoff (11) they possess the empirical composition 
CJH2„.6S04 and C»II*..9SO«.

The process used a t the Bayway Refinery of the Standard 
Oil Company of New Jersey for the manufacture and purifica
tion of the sulfonate soaps is briefly as follows:

After separation of the sludge containing the water-soluble 
green acids, the “acid oil” layer, consisting of the treated oil, is 
neutralized with alkali, and the resulting oil-soluble sodium

mahogany soap is extracted from the oil with aqueous isopropyl 
alcohol. The crude soap extract solution thus obtained contains, 
in addition to the complex mixture of sodium mahogany soaps, a 
ccrtain amount of mineral oil, an excess of alkali, some of the im
purities present in the original alkali, and some sodium sulfite 
and sulfate. The crude soap solution is then further purified by 
suitable processes whereby most of the salts are precipitated and 
a refined soap solution is obtained.

Commercially the oil-soluble sulfonates are available in at 
least three forms: (1) the so-called crude soap, (2) the refined 
soap in water, and (3) the refined soap in oil. They are 
usually not available in the pure soap form, since the dry 
soap without solvent is for most purposes too viscous to 
handle commercially. The crude soap, which is obtained by 
evaporating the crude alcoholic soap solution described above 
is generally a viscous product containing 1 to 25 per cent of 
water and from 1 to 10 per cent of inorganic salts. The ac
tual oil-soluble soap content of this product is generally 
around 50 per cent. The remainder is oil, part of which may 
have been added to  make the material more fluid and to aid 
in stripping off the solvent and water a t  temperatures (below 
150° C.) which will not cause any decomposition.

The refined oil-soluble soap is fairly pure and generally 
contains only a  trace of inorganic salts. A mixture of the 
refined soap with 20 to 35 per cent of water is possible when 
heated to  60° to  80° C., and it is this mixture which is mar
keted as the refined soap in water. The third form, the re
fined soap in oil, is the most common, and this consists of a 
blend of approximately equal parts of oil and the refined 
soap.

M any of the analytical methods published in the literature 
refer to the water-soluble sulfonic acids or so-called green 
aeids. Thus, Burton and Robertshaw (6) refer to water- 
soluble sulfonic acids in admixture with naphthenic acids. 
Analytical methods for such splitting agents or mixtures of 
mahogany and green acids have been published by von Filat 
and Sereda (10) who refer a t length to the work of Schestakoff,
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Ilmenjew, and Dobrjanskiij. Such methods are of necessity 
very complicated, since the separation of both water-soluble 
and oil-soluble acids, naphthenic acids, and mineral oils is in
volved. Simpler procedures can be used for the analysis of 
oil-soluble soap3 which are generally free from sulfonated 
acids of low molecular weight as well as naphthenic acids. 
The analytical methods described in this paper are limited 
to the estimation of the soaps of the oil-soluble sulfonic acids.

M ethods

Evaluation of the oil-soluble soap is frequently desirable 
and includes specific gravity, color, viscosity, water content, 
salt content, oil content, alkalinity, and soap content.

S p e c if ic  G r a v it y . The specific gravity is determined most 
conveniently by warming the sample and mixing it with a mineral 
oil of 50 to 100 Saybolt seconds at 36.67° C . (100° F.). This 
lowers the viscosity of the sulfonate, so that the specific gravity 
may be determined by means of a hydrometer spindle after cool
ing to room temperature. The gravity of the sample is calculated 
from the amount of oil added to it and the known specific gravity 
of this oil used. The specific gravity can also be determined by 
pouring a heated sample into a standard 100-cc. graduated cylin
der, cooling to room temperature, and reading the volume occu
pied. The weight of the sample is determined by weighing the 
graduate before and after filling. Either method gives results 
accurate to 0.5 per cent.

C o l o r . The color of crude oil-soluble sulfonate is difficult to 
determine in the presence of inorganic salts. I t  is therefore cus
tomary to dissolve 20 cc. of the sample in 80 cc. of naphtha, filter 
through paper, and determine the color of the filtrate with the 
Tag Robinson or Lovibond colorimeter.

V is c o s it y . The viscosity of oil-soluble sulfonate is of impor
tance as a measure of the pumpability of the material. When it 
is measured at 99° C . (210° F.) by means of a Saybolt Universal 
viscometer it is necessary to avoid the evaporation of moisture 
from the sample, since the viscosity of oil-soluble sulfonate in oil 
is very sensitive to the moisture content. This is illustrated 
by the viscosity-moisture content curves of various soap-oil mix
tures in Figures 1 and 2. As the soap is hygroscopic, there is also 
a chance of error where the sample is exposed to humid air at 
ordinary temperature.

W a t e r  C o n t e n t . The water content of oil-soluble sulfonate 
is determined by distilling it with naphtha under a reflux con
denser provided with a water trap (3). The size of the sample 
used is adjusted to the capacity of the trap, or for samples of very 
high water content a trap provided with a stopcock may be used 
for withdrawal of the water as separated. The latter type of ap
paratus is valuable where the sample is to be examined for vola

tile water-soluble materials such as alcohol, amines, or volatile 
acids. These are readily detected by determining the specific 
gravity of the water recovered or by titration, etc.

S a l t  C o n t e n t . The inorganic salt content is of importance 
mainly on the crude sulfonate. For an accurate determination, it 
is necessary to filter out and weigh the salts from the dry naphtha 
solution of the sample from the moisture determination. Fre
quently, it is difficult to filter these salts because of their colloidal 
condition and it is preferable to decant the naphtha solution from 
the centrifuge and to wash the salts with two portions of petro
leum ether, agitating, centrifuging, and decanting the clear super
natant layer a t each wash. The salts residue is then washed into 
a small tared beaker with petroleum ether, evaporated, dried, and 
weighed.

A more rapid determination of inorganic salts in oil-soluble 
sulfonate is made by cooling the dry naphtha solution of the 
sample obtained as a residue from the moisture determination 
and by centrifuging it in a conical graduated tube. The apparatus 
and general technique described in A. S. T. M. method D91-35 
(8) are convenient for this purpose. The reading at the bottom 
of the tube is converted to per cent by volume based on the 
weight of the sample used. The practice of reporting inorganic 
salts (sometimes called “gum”) in this manner originates from 
the fact that crude oil-soluble soap is frequently compounded 
with petroleum oil to make a fluid product which is later settled 
to remove the insoluble material and the volume of the sediment 
represents an actual loss of the product included therein.

O i l  C o n t e n t . The oil content of oil-soluble sulfonate can be 
approximately determined by dissolving a weighed sample in 
50 per cent aqueous isopropyl alcohol and measuring the volume 
of the supernatant layer of undissolved oil. This is conveniently 
carried out in a test bottle wTith a graduated neck and with the 
aid of a centrifuge to separate the oil layer speedily. The Bab
cock milk bottle may be used or the A. S . T. M. technique (4) is 
very effective. The rapid and complete separation of the oil is 
favored by acidifying the alcoholic solvent with sulfuric acid, and 
isopropyl alcohol has been found to be somewhat more satisfac
tory than ethyl alcohol because the former is more selective. 
A 10-cc. sample is used, measured with a standardized pipet 
which is washed into the bottle with the aqueous alcohol. The tip 
is broken from the pipet to aid in the filling and subsequent wash
ing. The pipet should then be recalibrated for total content 
obtainable by washing. For the more viscous soap mixtures the 
pipet is warmed during use.
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The oil content determination described above is open to the 
objection that alcohol makes an incomplete separation between 
the oil-soluble sulfonate and the oil layer. The solubility of the 
oil in 50 per cent isopropyl alcohol is small but increases rapidly 
with increasing amounts of oil-soluble sulfonate in the dilute 
alcohol. This is shown in Figure 3.

The simultaneous direct determination of soap and oil con
tent is accomplished by means of extraction with 50 per cent 
isopropyl alcohol coupled with counterextraction with pe
troleum ether. This effectively separates these two ingredi
ents, so tha t they may be dried and weighed.
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S o a p  E x t r a c t i o n  M e t h o d .  The sample is accurately 
weighed, taking about 2.0 grams, which are dissolved in 25 cc. of 
50 per cent aqueous isopropyl alcohol. The solution is trans
ferred to a 150-cc. stoppered separatory funnel and thoroughly 
shaken with 25 cc. of petroleum ether, the extraction being carried 
out at room temperature. The pressure in the funnel is occasion
ally released by turning the funnel upside down and gently open
ing the stopcock. (The petroleum ether method for the extrac
tion of unsaponifiable matter in animal and vegetable fats and 
oils after saponification and solution of the soap in 50 per cent 
alcohol is official with the A m e r ic a n  C h e m i c a l  S o c i e t y ,  1, 
American Oil Chemists’ Society, 1, and the Association of Official 
Agricultural Chemists, 5.) On standing, the liquid will separate 
almost immediately into two layers. The lower alcohol layer is 
drawn into another 150-cc. separatory funnel and extracted 
again with petroleum ether, while the upper petroleum ether 
layer is extracted with 50 per cent alcohol, a number of such ex
tractions being carried out until most of the mineral oil is con
centrated in the petroleum ether fractions and the soap in the 
50 per cent alcohol fractions.

When this analysis is carried out as a routine method, its 
accuracy is increased by limiting the number of operating 
steps to the minimum required for consistent results. The 
following flow diagram gives a satisfactory procedure:

The equipment required is two 150-cc. separatory funnels set 
in rings one above the other on a single stand. The petroleum 
ether and 50 per cent isopropyl alcohol are measured out by means 
of a 25-cc. graduate, and two 150-cc. beakers are used to collect 
the intermediate washings as well as to hold the final fractions to 
be evaporated and weighed. The separatory funnels and stop
pers are rinsed with 50 per cent alcohol at the close of the test and 
the washings are added to the alcoholic extract beaker. The 
portions of alcohol are marked Si, S2, etc., and the portions of 
ether Xj, X5, etc.

Opera-
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tion ¿>0% Isopropyl Alcohol Petroleum  E ther
1 Sample 4- 25 cc. of alcohol « S i  ...........................
2 ......................................  Si 4  25 cc. of petroleum  ether

-  X i
3 ......................................  Si -f- 25 cc. of petroleum  ether

-  X i
4 Xi then X? 4  20 cc. of alcohol “  Sj ...........................
5 Xi then Xj 4* 20 cc. of alcohol «  Sj

Si, Sj, and Sa are combined ...........................
6   Si, 2, 3 4- 20 cc. of petroleum

ether =■ Xa
7 ......................................  Si, 2, 3 -f- 20 cc. of petroleum

ether => X*
8 X j then X* 4- 20 cc. of alcohol =* S< ...........................
9 Xa then X< +  20 cc. of alcohol — Ss ...........................

Oil. Combine Xi, X2, Xj, X,, and Xs, remove petroleum ether 
on steam bath, and dry to constant weight at a temperature not 
higher than 130° C. Calculate the percentage of mineral oil 
from the amount of sample taken.

Soap. Combine alcohol solutions Si, Sj, S3, S„ and S5, and 
evaporate to dryness to constant weight at a temperature not 
higher than 130° C. The residue is the sodium sulfonate which 
can be expressed in percentage from the weight of the sample.

Of the nine operations given above, it is possible to omit 
Nos. 5 and 9 without appreciably affecting the final results. 
Any increase in operation beyond the 9 shown has not been 
found to be justified.

In the case of refined soaps, the oil content plus the soap 
content determined by this technique can be added to the 
moisture content to give very close to  100 per cent, as shown 
in Table I. The salts present in crude sulfonate are included 
in the weight of the soap extracted according to this method. 
I t  is determined as mentioned above and is deducted from the 
soap found.

A comparison between the analyses of refined oil-soluble 
soap by the rapid approximate method and the regular analy
sis is given in Table II. The soap content by the regular 
method is about 94 per cent of th a t determined by the rapid 
approximate method.

A l k a l in it y . The alkalinity of the oil-soluble sulfonate is 
conveniently determined by titrating the alcoholic solution from 
the oil determination test with a standard mineral acid, using 
phenolphthalein as an indicator.

T a b l e  I. T y p ic a l  A n a l y s e s  o f  R e f i n e d  O il - S o l u b l e
S u l f o n a t e s

Sample A B C D E F
Oil 36.1 28 .8 27.0 26. S 27 .0 27.2
Soap 01.0 68.4 70.4 70.7 70.3 70.7
W ater 1 .4 2 .0 2 .3 2 .3 2 .4 2.4

Accounted for 99.1 99.2 99.7 99 .8 99 .7 100.3
The m aterial balance of these analyses is considered to be good in view of 

the fact th a t the oil has appreciable volatility .

T a b l e  II. A n a l y s e s  o f  R e f i n e d  O i l - S o l u b l e  S o a p  in  O il  
b y  R a p id  A p p r o x im a t e  a n d  R e g u l a r  M e t h o d s

Approximate
Specific M ethod Regular M ethod

Sample G ravity W ater Soap Oil Soap Oil
G 0.925 1.4 36.6 62 .0 3 5 .S 62.8
H 0.987 2 .0 54.0 44 .0 50.6 47.4
1 1.035 2.6 74.4 23 .0 68.2 29.2
J 1.040 2 .3 74.7 23.0 70.4 27.3

When the above analytical methods are used on purified 
soap mixtures in water or in oil, the determination of inor
ganic salts is generally omitted, since the sample is clear of 
suspended m atter. A visual inspection of the naphtha resi
due from the moisture determination should, however, be 
noted.

The reproducibility of the above analytical tests on various 
types of soap products is shown in Table III,-which gives re
sults obtained from two independent laboratories using the 
same methods.

The analysis of crude oil-soluble sulfonate by the extraction 
procedure is sometimes made difficult by the presence of in
soluble impurities. In  this case the alcoholic solution should 
be filtered through paper before proceeding with the analysis.

Special A n a ly tica l M ethods

The extraction procedure described above gives duplicate 
results generally agreeing within 0.2 per cent 011 the total 
sample. However, soaps of certain types of sulfonic acids are 
appreciably soluble in petroleum ether. I t  follows that, while 
the above extraction procedure will give reproducible results, 
the petroleum ether solution may still contain sulfonated 
soaps. I t  is therefore advisable to carry out an ash deter
mination on the separated mineral oil after its final weighing, 
also on the recovered soap. According to H art (9) ignition 
of a pure sodium sulfonate will leave sodium sulfate, and half 
of the organic combined sulfur trioxide will be volatilized, 
unless excess alkali in some form is present as an impurity 
which would retain some of the excess sulfur trioxide. It 
may be assumed tha t the ash content of the refined soap 
should be approximately the same as th a t of the soap dissolved 
in the petroleum ether washings. Accordingly, a correction 
for any soap present in the separated mineral oil m ay be cal
culated on the basis of the ash content of the mineral oil. 
Thus, if the purified soap has an ash content of x  per cent and 
the separated mineral oil y  per cent, the amount of soap re
maining in the mineral oil will be equivalent to The
weight of soap and oil found in the sample is readily adjusted 
by this quantity  to arrive a t a more accurate soap and oil 
analysis. Table IV gives a typical analysis in which the 
soap and oil analyses of a sample have been corrected for the 
ash content of the oil.

In  the case of sample A, the correction is so small that it 
could well be neglected. I t  occasionally happens, however, 
th a t as much as 30 per cent of soap m ay be left in the separated 
oil. In  such cases the correction is necessary.

The purity of the separated soaps may be checked by carry
ing out total sulfur and ash determinations. If the soaps are
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pure sulfonates, the ash should consist entirely of sodium 
sulfate the sulfur in the ash being equal to exactly half of the 
total sulfur.

Total sulfur is determined by fusing 0.5 gram of the purified 
soaps with sodium peroxide in a Parr bomb. The residue is dis
solved in water and any insoluble metallic oxides resulting from 
the action of the sodium peroxide on the bomb metal are 
filtered off. The filtrate is made acid with hydrochloric acid, 
brought to a boil, and the sulfate ions are precipitated with bar
ium chloride in the usual way. Blank corrections are made for 
the sulfur content of the reagents used.

The ash determination is carried out by weighing accurately 
2 grams of the purified soaps into a platinum crucible and igniting 
gently until the carbon is burned off. Ignition is then carried 
out to redness, to constant weight. A drop of sulfuric acid is 
added to convert any sodium sulfide produced by the reduction of 
some of the sodium sulfate by the carbon; the excess of sulfuric 
acid is gently expelled and the residue is finally heated to redness 
to constant weight, some ammonium carbonate being occasionally 
added to decompose any sodium hydrogen sulfate which may be 
present. If no sodium salts, other than sulfonates are present, 
the weight of the ash after sulfuric acid treatment should show 
not more than a slight increase (2 to 3 mg.) in weight, due to the 
decomposition of any sodium sulfide present.

T a b l e  III. A n a l y t ic a l  R e s u l t s  o n  S o a p  M ix t u r e s

(Alkalinity expressed as gas-free NaiCO* per 100-cc. sample)
Soap Vis-

Labora- Specific and Mois- Alka- Color, cosity,
tory G rav ity  Salts Oil tu re  Salts linity R  210° F.

Vol. %

T a b l e  V. A n a l y s is  o f  O il - S o l u b l e  S o a p

Crude Soap Analysis
A 1.033 48.7° 42.2° 2 .1  7 .0°
B 1.034 48.3° 42 .7° 2 .0  7 .0 a

Refined Soap in W ater &
Soap W ater

A 1.056 58.4 8 .6  33 .0
B 1.052 5S.6 7 .9  33 .5

Refined Soap in Oilc
A 0.987 52.2 46.4  1.6
B 0.988 52.0 46.3  1.7

0.45
0.412

4.25
4.25

071
72S

20
020
024

“ Approximate methods. . . ,
Oil present in this sample was th a t which is unavoidably associated with 

sulfonate during m anufacture.
c Color given here is % of sample diluted in white oil which matches 9 

Robinson color.

T a b l e  IV. C o r r e c t io n  o f  A n a l y s is  o f  a  S o a p  M ix t u r e  f o r  
A s h  C o n t e n t  o f  O i l  R e c o v e r e d

Oil content found
on ab°ve separated oil

Ash on pure soap
Soap content in oil -  V°9. *  °  °§ = 

14
Soap content in mineral oil, calculated 

on original sample -  =
Corrected mineral oil content (3.15 — 

.0 .02)
Direct soap determ ination by extrac

tion
Corrected soap content •* (40.15 4* 

0 .02)

Sample A
%

3.15
O.OS

14.00
0 .52  - 100 X 1.5 

14

Sample B
%

3.66
1.50

14.00
10.70

0 .52  « 3.66 X 10.7 
100

-  0.39

3.13 (3.66 -  0.39) 3.27

46.15 46.04

46.17 (46.04 +  0.39) 46.43

The ash content of the pure oil-soluble sulfonate can be used 
for determining the combining weight of the sulfonic acids. The 
figure determined by this method agrees closely with that ob
tained by titration of the pure acid. The sulfonic acid can be 
prepared from sodium sulfonate by treating it with dry hydro
chloric acid to precipitate the sodium as sodium chloride in a 
petroleum ether solution of the purified oil-free soap. The 
clear naphtha solution is then evaporated on a steam bath, and 
the residue is weighed, taken up in alcohol, and titrated. On one 
sample of soap the ash gave a combining weight of 487, as com
pared with 478 by titration of the pure acid.

The ultimate analysis of oil-soluble sulfonate varies with 
the viscosity of the oil from which it is made. The base stock 
from which the oil was obtained also affects the analysis 
(Table V).

Source C H S
Analysis of 

Ash

Combining 
Weight 

From  From 
S ash

Coastal 85 vis
co sity /100° F. 

Coastal 340 vis
cosity/1000 F.

67.02 9 .OS 6.96 Ca 4 .60 460 441

65.26 9 .09 6.26 Ca 3.82 511 492
Hydrogenated 85 

viscosity/1000 F. 66.55 8 .77 7 .76 N a 5.41 413 391

E m u lsion  T ests
Emulsion tests on oil-soluble sulfonate are used to evaluate 

it for making emulsible oils, as for metal cutting or textile 
purposes. The presence of impurities such as dissolved in
organic salts adversely affects the emulsibility of sulfonate 
soaps.

The emulsibility test consists in determining the border line 
concentration of sulfonate in a mixture with a standard oil 
which just gives an oil-in-water emulsion. Lubricating oils 
vary considerably in aromatic and unsaturate content, so that 
the amounts of soap to emulsify them vary accordingly. Oils 
having an appreciable neutralization number generally require 
more soap to emulsify them than neutral oils. Oil-soluble 
soaps having a high water content should be dried before test
ing for emulsibility in order to eliminate the effect of tha t 
variable.

White oil of about 90 viscosity at 100° F. Saybolt makes a 
good standard for testing soap emulsions. The soap is carefully 
measured and mixed with a known volume of oil, which is in
creased by stages until the border of emulsibility is attained. 
In testing for the emulsion, 45 cc. of distilled water are placed in 
a 50-cc. stoppered graduate, a 5-cc. portion of the mixture to be 
tested is added, and the graduate is shaken b3r hand witli 20 
vigorous strokes and allowed to stand 5 minutes. This is re-

Eeated twice and then the graduate is allowed to stand for 0.5 
our. At the borderline of emulsibility no free oil layer should 

separate and the volume of the upper layer of emulsion cream 
should not exceed 5 cc.; otherwise a higher concentration of soap 
should be tested.

I t  is customary to set limits of emulsibility to be met—for 
example, a commercial grade of refined soap should pass the 
above test a t 5 per cent concentration of available soap in the 
white oil solution. The test can be modified to meet practical 
considerations by substituting a water of known hardness for 
the distilled water or a petroleum oil of a standard grade for 
the white oil. The shaking procedure outlined above was 
adopted since it aided in canceling out various operating vari
ables. The partial émulsification of the sample when added 
to the water before the shaking is started and the adhering 
of this primary emulsion to the walls of the graduate tend to 
affect the final result unless the outlined procedure is followed.
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Colorimetric Determination o f Iron with
Kojic Acid

M . L. M O S S W ITH  M . G. M ELLO N  
P u rd u e  U n iv ersity , L a fa y e tte , In d .

IN  A recent paper (1) Barham mentioned th a t Corbellini 
and Gregorini (2) and Tamiya (6) had studied the course 

of certain fermentations producing kojic acid by means of 
colorimetric determinations of the acid with ferric chloride. 
I t  seemed probable, therefore, th a t this process might be re
versed by using the organic compound as a reagent for iron. 
As tests confirmed this prediction, a  spectrophotometric 
study of the reaction was undertaken in the hope th a t this 
new colorimetric method for determining iron would have 
advantages over existing procedures. Kojic acid (2-hy- 
droxymethyl-5-hydroxy-7-pyrone) is unique as a reagent for 
iron, in th a t no organic compound previously so used is a py- 
rone derivative.

A pparatus and  S o lu tio n s
A standard solution containing 0.05 mg. of iron per ml. was 

prepared by dissolving iron wire of reagent quality in nitric acid 
and diluting with redistilled water. One milliliter of this solution 
is equivalent to 1 p. p. m. of iron when diluted to 50 ml.

An aqueous solution containing 0.1 per cent of kojic acid was 
used as the reagent. More concentrated solutions are susceptible 
to mold formation on continued standing, although this may be 
inhibited by using 20 per cent ethanol as solvent or by adding 
1 p. p. m. of phenyl mercuric nitrate.

Standard solutions for the studv of the effect of diverse ions on 
the color reaction consisted of alkali metal salts for the anions 
and of nitrates, chlorides, and sulfates for the cations. These con
tained 10 mg. of the ion in question per ml. of solution. A solu
tion 1 M  in ammonium acetate ana 0.35 M  in acetic acid was 
used for buffering the iron solutions.

F ig u re  /  
o f  R eagen t C oncen tra tion  

/O p p n i .  F e, p H  SO , / c m  c e l l  
/  2  m l. r e a g e n t
2  S  
3 / 0

In preparing solutions for transmittancy measurements the 
iron solution was measured and buffered with 10 ml. of the ace
tate solution. Ten milliliters of the reagent were then added 
and the solution was diluted to 50 ml. Addition of buffer pre
ceded extraneous ions in determining the extent of interference 
from these sources. I t  is recognized that this sequence differs 
from the situation prevailing in an actual analysis, but it elimi
nates from the color measurements several undesirable effects, 
such as precipitation of the iron on addition of basic solutions.

F ig u re  2  
o f  / ran Concentration 
p H  4 .0 - S I  

/  0 . 5  p .p .m  Fe
2  1.0
3  J .0
4  IO
5  2 0
6  3 0
7  4 0  
3  SO
3  Corning filter No. 5 5 S  

No. 426

Wavelength

Transmittancy measurements were made in 1.000-cm. cells 
with a General Electric recording spectrophotometer adjusted 
for a spectral band width of 10 my.. A glass electrode assembly
(4) was used for pH measurements.

Color R eaction

N a t u r e  o f  R e a c t i o n . D ata obtained according to the 
method of Vosburgh and Cooper (7) indicate th a t the iron 
and kojic acid react in a molecular ratio of 1 to 3 a t a pH of 
5 to 6. I t  has been shown tha t the hydroxymethyl group is 
not concerned in the color reaction, but tha t the enolic hy
droxy is essential (3). This suggests formation of a salt with 
possible implication of the carbonyl group in a five-membered 
ring. An inner complex salt in accordance with the above 
ratio would be consistent with the coordination tendencies

612
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of iron, although such nonelectrolytes, as a rule, are insoluble 
(3). Other colored constituents may be present, especially 
in solutions of lower pH.

E f f e c t  o f  R e a g e n t  C o n c e n t r a t io n . W ith kojic acid, 
as with ferron, the intensity of the color developed with iron 
depends upon the concentration of the color-forming reagent. 
This effect, shown in Figure 1, necessitates a relatively careful 
measurement of the quantity  of reagent. Ten milliliters of 
0.1 per cent solution are sufficient to produce a deep color with 
10 to 20 p. p. m. of iron in 50 ml. and little is gained by using 
excessive amounts.

E f f e c t  o f  I r o n  C o n c e n t r a t io n . Transmittancy curves 
for solutions containing from 0.5 to 50 p. p. m. of iron and 10 
ml. of 0.5 per cent reagent in 50 ml. of solution are shown in 
Figure 2. A linear relationship between iron concentration 
and log transm ittancy prevails, in accordance with Beer’s law, 
for concentrations up to about 40 p. p. m. A permanent cali
bration curve may thus be established by determining the

transmittancy for a given iron concentration and drawing a 
straight line through the determined point to 100 per cent 
at zero concentration, on semilogarithmic paper. Conformity 
to Beer’s law should not be a critical consideration in evalu
ating a method, but it is an advantage in fulfilling the require
ments for use of a  variable-depth comparator of the Duboscq 
type. This law is not valid for solutions containing equal 
amounts of iron bu t different quantities of reagent.

The concentration range over which the method is appli
cable depends upon the cell thickness and the means of com
parison. One can distinguish 0.05 p. p. m. of iron from a 
blank in 30-cm. Nessler tubes. Comparison of amounts 
greater than 5 p. p. m. is difficult. Photoelectric instruments 
can detect 0.1 p. p. m. in a 1-cm. cell and the upper limit is 
about 20 p. p. m. The sensitivity is improved by acetone, but 
the effect is much less than in the thiocyanate method (8).

The change of transm ittancy with concentration is more 
Pronounced than th a t of the trichromatic or monochromatic

values, as is usually the case in such systems. The red and 
green values are practically equal.

E f f e c t  o f  A c id  C o n c e n t r a t io n . A s  acid concentration 
exerts considerable influence on the intensity and hue, it 
should be controlled within rather narrow limits. Strong 
acids or bases destroy the color, the change in basic solution 
being irreversible. Figure 3 represents solutions containing 
10 p. p. m. of iron and 10 ml. of reagent in 50 ml. of solution 
a t pH values from 1 to 9. The orange hue a t  pH 5 was stable 
for more than 5 weeks. A  low pH is desirable in order to 
avoid precipitation of iron, although the tendency to fade in
creases with the acid concentration.

I t  is desirable to maintain the pH between 5.5 and 7 during 
the color measurements, since this range is best for achieving 
optimum color stability, small variation of transm ittancy with 
pH change, and high absorption in the blue region. Am
monia may be added for adjustm ent of pH only after develop
ment of the color. Otherwise, precipitation of some iron is 
likely to occur. Ammonium acetate is a  convenient buffering 
agent.

E f f e c t  o f  D i v e r s e  I o n s  (Figure 4 ) .  An outstanding dis
advantage of colorimetric methods for ferric iron is the fact 
tha t certain ions react with the iron to form stable complexes 
which decrease the ferric-ion concentration. This is en
countered especially with phosphates, fluoride, and several 
organic ions. Other types of interference include formation 
of colorless complexes by the reagent with various metals, 
precipitation of insoluble products, presence of colored con
stituents, and development of a color by the reagent with 
some ion other than iron. Reduction of part of the iron by 
certain ions may lead to low results for total iron, although 
this effect has no relation to the color reaction itself. No 
reagent free from all these kinds of interference has been re
ported for ferric iron. Ordinarily, the treatm ent of the sample 
is designed to  circumvent interference by other substances as
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far as possible, but it is desirable to have a reagent which re
acts specifically and quantitatively with the desired constitu
ent.

In this study the effect of 500 p. p. m. of the ion in question 
was determined and, if interference was observed, smaller 
quantities were used until the change in transm ittancy a t 440 
rnyu was reduced to about 5 per cent. The extent of inter
ference can thus be determined accurately in terms of iron 
concentration. An error of 2 per cent is not prohibitive for 
colorimetric methods.

T a b l e  I . E f f e c t  o f  D i v e b s e  I o n s

Ion  Added as

A1 + + +
A bO«
A hO j
Be
Bi + + + 
CaH&Oî"“ 
CiHiOe- “ 
C î H îO j -  
Co + +
Cr + + + 
CrsOî ~ “ 
Cu + +
F -  
Hg + 
M 0 O4 - “ 
Ni + +
Pb  + +
PO< “ ~ -  
S iO *-- 
SnCU“ " 
SnClt T h  «■ + ■#■ + 
U 03 + + 
VO»“ 
W04- -
Zn* +
ZrO + +

A l(N 03)j
HjAsO<
NaaAsOj
Be(NO*)i
B i(N 0 3)3
(CH 3CIIOHCOO)aCa
(NHîJîCîHîOô
CeH«OHCOONa
Co{NOj)2
Cr2 (SO«)3
KîCrîOî
Cu(NO»)a
NaF
HgNO*
(N H ,)3Mo04
N i(N O |)8
Pb(CîlïsO î)j
(N IÎ4)5H P04
NasSiOa
HjSnCU
lUSnCle
Th(NOj>4
UOHCîHsOîJj
KVOi
NaiWO«
Zn(NOj)s
ZrO(NOa)s

Permissible 
Concentration 

P. p. m.
3

30
170
250

25
130

50
500
500
10

5
19 
15

100
25

330
250

20 
100

10
5

25
200

5
30

140
5

No effect on the color was observed in solutions containing 
500 p. p. m. of each of the following ions: acetate, silver, 
barium, borate, benzoate, bromide, calcium, cadmium, chlo
ride, chlorate, perchlorate, carbonate, formate, mercuric, 
potassium, lithium, magnesium, manganese, sodium, am
monium, nitrate, thiocyanate, sulfate, and strontium. Table 
I  shows the maximum permissible quantities of various ions 
not already mentioned which may be present without caus
ing an error greater than 2 per cent.

Reducing ions, such as cyanide, iodide, nitrite, and sulfite, 
did not interfere if added to the iron solution after addition 
of the acetate buffering solution. If the ion was added before 
buffering the solution a t pH 5, however, low7 results were ob
tained. Such ions would be oxidized in the normal treatm ent 
of the sample and thus present no difficulty.

Low results are caused by certain ions, including phos
phates, fluoride, and a few organic acids. Citrate, oxalate, 
and pyrophosphate must be entirely absent.

The extent of fluoride influence may be applied for deter
mining this element, although the sensitivity is probably too 
low for the method to be practical in visual work. The rela
tion between fluoride concentration and transm ittancy of a 
solution containing 1 p. p. m. of iron and kojic acid is close 
to linear up to 100 p. p. m. of fluoride. A change in trans
m ittancy of only 1 per cent corresponds to 6 p. p. m. of fluo
ride, however, which would necessitate very accurate meas
urement of the color.

Aluminum, zinc, and a few other metals form colorless com
plexes with the reagent, thus lowering its effective concen
tration and leading to low results. This source of interfer
ence cannot be eliminated satisfactorily merely by adding 
more reagent, since the color reaction is not stoichiometric.

All highly colored compounds should be absent unless their

absorption bands can be eliminated by proper setting of the 
monochromator.

R ecom m en d ed  Procedure
Procure a representative portion of the material to be analyzed 

and subject it to the necessary preparative treatment.
Weigh or measure by volume a quantity of sample containing 

1 mg. of iron or less.
T r e a t m e n t  o f  S a m p l e . Ores may be dissolved in hot hydro

chloric acid. Chlorostannous acid should not be added to hasten 
dissolution unless the solution is to be diluted to 1 liter or more. 
Organic matter combined with the iron necessitates the use of 
ashing procedures.

After dissolution of the sample, oxidize the iron by boiling with 
a little concentrated nitric acid. Other oxidants, such as persul
fate or hydrogen peroxide, may be used.

Dilute the oxidized solution with iron-free water and add 1 
gram of ammonium acetate. Filter if the solution is not clear. 
Transfer the solution to a 100-ml. volumetric flask, add 10 ml. of 
0.1 per cent kojic acid solution, dilute to the mark, and mix well.

M e a s u r e m e n t  o f  D e s i r e d  C o n s t it u e n t . The color, which 
is developed immediately, may be measured by the usual meth
ods. Standards for visual comparison, prepared with the same 
acid concentration as the sample, may be kept for a week. If a 
filter photometer is used, the curves of Figure 1 indicate that the 
filter should be a blue or blue-green, such as Corning glasses Nos. 
533, 5 5 4 , and 429 .

Su m m ary

A spectrophotometric study of the reaction between iron 
and kojic acid indicates th a t this compound is a suitable re
agent for the colorimetric determination of ferric iron. Meas
urements were made on low-iron waters and on ores contain
ing as high as 50 per cent of iron. Values for the ores agreed 
within a  few7 tenths of a per cent with the titrim etric values 
and required somewhat less time.

Although this method is not ideal, it is free of some of the 
interferences of other methods, and the sensitivity is ade
quate, especially with blue filters in a photometer. The color 
is relatively stable and conforms to Beer’s law over a wide 
range. The chief limitation of the method is the necessity 
of controlling the acidity. A variation between pH 5.5 and 7 
is permissible, and this range yields an orange hue suitable for 
visual comparisons. These limits are much wider than those 
for reagents such as ferron (5).

Maximum sensitivity is obtained if the iron concentration 
is between 1 and 20 p. p. m. for a cell thickness of I cm. The 
color is somewhat less intense than th a t formed with thio
cyanate or o-phenanthroline, thus permitting determinations 
on samples higher in iron than these other methods can ac
commodate without dilution. The method is not applicable 
to samples containing aluminum, citrate, oxalate, or pyro
phosphate.

A ck n ow led gm en t

H. N. Barham of Kansas State College very kindly fur
nished the kojic acid.
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The Chemistry of Menhaden Oil
Component Fatty Acids
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OILS of domestic origin are becoming more important by 
reason of the increasing inability to import foreign oils. 

Marine oils in particular are available in large quantities and 
should be given serious consideration as replacements for 
foreign materials. Because much is still unknown of the 
chemistry of marine oils, the present investigation has been 
undertaken. Menhaden oil was chosen for the sta rt of this 
research, since it is the most abundant marine oil produced 
011 the Atlantic coast.

Table I records some of the published results.

Twitchell (8) in 1917 investigated the composition of menhaden 
oil by the lowering of the melting point of the mixtures of fatty 
acids which he isolated. Saturated and unsaturated acids wore 
studied separately, the latter after hydrogenation. His results 
revealed no unsaturated acids with fewer than 18 carbon atoms. 
Brown and Beal (2) fractionated the methyl esters, finding acids 
of 14, 10, 18, 20, and 22 carbon atoms. Armstrong and Allan (/) 
reported, in addition to those previously found, small amounts of 
saturated acids with 20 arid 22 carbon atoms. Richardson, Knuth 
and Milligan (.?) have published ester distillation data and more 
recently Stingley (7) has reported the component fatty acids of 
menhaden oil (Table I).

Saponification equivalents were determined by the method of 
ChargofT (3). The Hanus method was used for the determina
tion of iodine numbers. Neutral equivalents were determined in 
warm alcohol by direct titration with alkali to a phenolphthalein 
end point.

E xperim ental Procedure
Six hundred grams of commercial oil produced by centrifuga

tion were saponified with alcoholic potassium hydroxide and the 
unsaponifiable matter was removed with ether. The residual 
soaps were acidified. The fatty acids were taken up in ether, 
washed with distilled water, and dried with anhydrous sodium 
sulfate, and the ether was removed. The recovered acids weighed 
552 grams, a yield of 92 per cent of the original oil. Double pre
cipitation of the lead soaps in alcohol and liberation by the usual 
methods yielded 27.9 per cent saturated and 72.1 per cent un
saturated acids.

The methyl esters of the saturated acids were prepared by dis
solving in dry methanol and saturating with dry hydrogen chlo
ride gas. After standing at room temperature for 12 hours they 
were treated in the usual manner. The methyl esters so obtained 
had a saponification equivalent of 2G7.4 and an iodine number 
of 4.0. The esters were fractionated and the data are tabulated 
in Table II.

T a b l e  I .  C o m p o n e n t  F a t t y  A c id s  o f  M e n h a d e n  O il

Carbon Arm strong and This
Atoms Twitchell (8) Allan (2) Stingley (7) Research

% %

S aturated  Acids

% %

14 9 .2 5 .9 7 .0 8 .3
16 22.7 10.3 16.0 14.9
18 1.8 0 .6 1.0 4 .7
20 0 .6
22 O.S

U nsaturated  Acids
12 Trace
14 Trace 5.8
10 is !  5 17.0 23.4
18 2Ü 9 29.6 27.0 31.1
20 22.2 19.0 20.0 8.4
22 20.2 11.7 12.0 3.4

Commercial menhaden oil from the Atlantic coast was ex
amined by the estor fractionation procedure. Among the 
saturated acids (Table I) were found myristic, 8.3 per cent; 
palmitic, 14.9 per cent; and stearic, 4.7 per cent. Myristic 
and palmitic acids were isolated from the corresponding es
ters. Attempts to isolate an acid of higher molecular weight 
than palmitic have ended with mixtures. Fraction 6 yielded 
a mixture with a melting point of 57.6-58.5° C. and a neutral 
equivalent of 264.8 which lies between that calculated for 
palmitic and stearic acids. The neutral equivalent and the 
freezing point of 55.8° C., according to the data of Shriner, 
Fulton, and Burks (6), indicate a mixture of 0.85 mole of pal
mitic acid and 0.15 mole of stearic acid. This mixture has a 
neutral equivalent calculated to be 260.4.

The fractional distillation of the methyl esters of the un
saturated acids and the saponification equivalents of the 
fractions were used to calculate the composition. As a check 
upon this method, the acid from fraction 4 was hydrogenated 
catalytically to palmitic acid.

A n alytica l M ethods
The methyl esters were fractionated through an electrically 

heated column packed with small helices. On top of the column 
was fitted a head designed for total reflux with partial take-off.

Fraction 1 was saponified with alcoholic potassium hy
droxide and acidified and the precipitate was crystallized from 
95 per cent alcohol. The observed melting point was 53° C., 
while Francis and Piper (4) reported 54.4° C. for synthetic 
myristic acid. From fraction 3 an acid was separated and 
crystallized from acetone. The observed melting point was 
63° C.; reported for palmitic acid, 62.9° C. (4).

The acid isolated from fraction 6 was crystallized from ace
tone and recrystallized from methanol and had a melting 
point of 57.5-58.5° C. The observed neutral equivalent was 
264.8; tha t calculated for palmitic acid is 256.3 and for stearic 
acid is 284.3. The freezing point of this mixture as calculated 
from cooling curves was found to be 55.8° C. Shriner, Ful
ton, and Burks (6) have studied the cooling curves of many 
mixtures of palmitic and stearic acids and of the two mixtures 
reported freezing a t 55.8° C.; tha t consisting of 0.85 mole of 
palmitic acid and 0.15 mole of stearic acid lias a calculated 
neutral equivalent of 260.5 which comes closer to the ob
served.

T a b l e  II. F r a c t io n a t io n  o f  M e t h y l  E s t e r s  o f  S a t u r a t e d  
F a t t y  A c id s

Boiling Range Saponification
Fraction W eight (5 M m.) Equivalent

Gravis ° C.
1 11.1 147-154 244.1
2 9 .9 154-160 254.5
3 7 .3 160-165 258.2
4 18.7 165-169 279.2
5 12.5 161-163« 277.1
6 4.4 170-178 284.9

Residue* 5.4

° Difficulty was experienced in m aintaining pressure a t  5 mm. 
pum p and other im provem ents helped in la ter experiments. 

b D ark brown in color.

The methyl esters of the unsaturated acids prepared by the 
methanolic hydrochloric acid method had a saponification 
equivalent of 293.7 and an iodine number of 187.4. The data 
for the fractions obtained from the electrically heated packed 
column are summarized in Table III.
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T a b l e  III. F r a c t io n a t io n  o f  M e t h y l  E s t e r s  o f  U n s a t o r a t e d  
F a t t y  A c id s
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Fraction
Boiling Range 

(5 M m.)
° C.

Saponification
E quivalent

Iodine
W eight
Grams

No.

1 2 .2 120-123 248.5 24.8
2 1 .8 123-135 260.0 83.6
3 3 .0 135-140 254.7 103.7
4 10.7 140-147 272.0 123.1
5 3 .2 147-155 280.0 125.4
6 0.9 155-100 291.0 127.3
7 0 .6 100-165 292.0 153.1
8 7 .2 165-170 298.0 166.5
9 4 .5 170-175 308.0 183.2

10 0 .2 175-180 310.0 212.2
11 3 .7 180-185 325.0 226.2
12 5 .5 185-190 311.5 208.1
13 4 .4 190-195 352.0 232.7

Residue* 9 .3  
•  D ark brown in color.

.........

To confirm the composition as calculated from the saponi
fication equivalents, the saponification product from fraction 
4 was acidified, extracted with ether, and dried, and the ether

was removed. Hydrogenation in acetic acid with palladium- 
barium sulfate catalyst produced an acid with a melting point 
of 61° C.; th a t recorded for palmitic acid is 62.9° C. (4). 
The neutral equivalent found was 258.3, while th a t calcu
lated for palmitic acid is 256.3.
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Reducing Power o f Starches and Dextrins
F . F . FA R L E Y  AND R . M . IIIX O N , Iow a A g r icu ltu ra l E x p er im en t S ta t io n , A m es, Iow a

A rapid ferricyan ide m eth o d  for deter
m in in g  th e  red u cin g  pow er o f  stareh cs and  
dextrins is p resen ted  in  w h ich  th e  reduced  
iron  is  m easu red  d irectly  b y  a eerie su lfa te  
titra tio n . For starch es hydrolyzed  by h o t  
or cold  acid  or oxidized by a lk a lin e  h yp o
ch lo r ite , and  for raw  starch es an d  dextrins, 
th e  red u cin g  pow er values b y  th is  m eth o d  
parallel th o se  d eterm in ed  by th e  longer  
procedure o f  R ich ard son , H igg in b oth am , 
and Farrow. M any o th er  m odified  starches  
su ch  as th e  “ ch lorin a ted ”  and “ th in -b o il-  
in g ”  typ es have b een  m easured .

TH E copper number has been used extensively for report
ing the reducing power of cellulosic materials and re
cently by Richardson, Higginbotham, and Farrow (7) for 

starch This paper describes a much simpler method for de
termining the reducing power or copper number of starches 
and dextrins, which shortens the time required to less than 
25 minutes.

While measuring the reducing power of a series of starches 
by the Gore and Steele (2) modification of the Hagedorn 
and Jensen (S) method, the authors noticed th a t the apparent 
maltose equivalent of the more soluble products when con
verted to milligrams of copper gave values equal to the copper 
numbers determined by the Richardson, Higginbotham, and 
Farrow method. For raw starch and very slightly solubilized 
starch, high values ■were obtained by the Gore and Steele 
method. These high values were attributed to the visible 
entrapm ent in the starch of iodine which was very difficultly 
released for measurement in the thiosulfate titration.

In  the determination of the maltose equivalent of starch- 
maltose mixtures M artin and Newton (6) avoided the diffi

culty due to iodine entrapm ent by using Hassid’s (4) eerie 
sulfate titration. I t  seemed probable th a t the same eerie 
sulfate titration could be used to advantage here to measure 
the reducing power, not of a starch-maltose mixture, but of 
starch or dextrin alone. This proved to  be true. Considera
tion of the above statem ents reveals th a t any reducing value 
obtained for maltose in the presence of dextrins and modified 
starches is only an apparent maltose value.

T a b l e  I. R e d u c i n g  P o w e r  o f  S t a r c h e s  a n d  D e x t r i n s

Sample #Cu, M g./G ram
Pearl starch  (control) 6 .8 -7 .9
Other commercial cornstarches 7 .7 ,9 .4 ,  1 0 .1 ,1 1 .2 , 11.6
W axy maize starch 9 .0
Thin-boiling starch, 40-fluidity 6 .5
Thin-boiling starch, 90-fluidity 27.2
Chlorinated starch , 2 .5%  chlorine 14.9
Chlorinated starch , 5%  chlorine 32.9
Electrolytically oxidized starch 6 .8 ,3 .0 ,6 .3 ,4 .5 ,7 .5
Alkali dextrin, A 10.5
Alkali dextrin, B 33 .0
Alkali dextrin, C 71.0
Acid dextrin, A 12.0
Acid dextrin, B 25.5
Acid dextrin, C 39 .0
Gore (i)  starch, 5-hour conversion 19.6
Gore (I) s tarch , 42-hour conversion 61.6
Gore (i)  starch, 96-hour conversion 120.0
M altose 1900
Glucose 2800

The potentiometric measurement used by M artin and 
Newton was eliminated because the color change of the solu
tion from green to yellow just before the large voltage change 
was a  satisfactory indication of the end point. However, 
starch products with very little reducing power produced 
only a slight green color and made accurate determination 
of the end point difficult. The addition of a measured amount 
of glucose solution to each starch sample obviated this diffi
culty. A correction for the reducing power of this added glu
cose was made by a blank determination.

When, in the hydrolysis of starch by acid, the Re* values 
(milligrams of copper per gram of starch) were plotted against 
the time, there resulted a straight line for Rcu values up to
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1000. This is shown in Figure 1 where the simplified Ren 
determination is compared with the longer method of Rich
ardson, Higginbotham, and Farrow. I t  is evident th a t the 
two methods give the same results in the starch and dextrin 
range but not in the range of the sugars. Figure 2 presents 
the change of rotatory power, of alkali number (8), and of 
iodine titration (5) as the same sample of starch was hy
drolyzed. The alkali number became constant before the 
starch was one third converted to glucose.

This shorter method for copper numbers uses iron salts 
instead of copper salts, and the results, therefore, might be 
reported as R rt units. I t  seems better not to introduce 
another such unit, but to report the results as R cu units to 
allow comparisons with copper numbers. When the maltose, 
glucose, or iron equivalent is desired the following conversion 
factors are used:

Per cent maltose equivalent = ^>Cl‘ ^lyuu

Per cent glucose equivalent =

55  84Rt. (mg. of Fe per gram of starch) = Rcu X ggi-y

The utility of the method in the relative characterization 
of starches and dextrins is shown by Table I. The reducing 
power increases with increasing conversion of starch prod
ucts except for the electrolytically oxidized starches, which, 
because of the method of oxidation and washing, have values 
equal to or lower than  those of raw starches. This simplified 
determination of reducing power has been used to follow the 
acid and alkaline conversion of starch—e. g., on the “ thin- 
boiling” starches, on the Gore starches (I), and on the dex
trins formed by acid or alkaline catalyst (Table I).

R eagen ts
A l k a l in e  F e r r i c y a n id e : 3 2 .9  g ra m s  o f  p o ta s s iu m  fe r r ic y a 

n id e  a n d  50  g r a m s  o f  a n h y d r o u s  s o d iu m  c a r b o n a te  d is so lv e d  in

F ig u r e  1. C o m p a r a t iv e  D e t e r m in a t io n s  o f  R e d u c in g  
P o w e r  d u r in g  H y d r o l y s is  or S t a r c h

F ig u r e  2 . C h a n g e  o f  S p e c if i c  R o t a t io n , A l k a l i  N u m b e r , 
a n d  I o d in e  T it r a t io n  d u r in g  H y d r o l y s is  o f  S t a r c h

water and diluted to 1 liter. The solution is approximately 0.1JV 
with respect to potassium ferricyanide.

G l u c o s e  S o l u t io n : a 0.2 per cent glucose solution containing 
a small amount of phenol.

S u l f u r ic  A c id  S o l u t io n  (5 N): 139 ml. of concentrated sul
furic acid made up to 1 liter of solution.

C e r ic  S u l f a t e ,  0.05 N: 26.5 grams of reagent eerie sulfate 
(G. Frederick Smith Chemical Co.) added to about 900 ml. of a 
solution containing 100 ml. of concentrated sulfuric acid. The 
mixture is digested until the solid has dissolved, cooled, and made 
up to 1 liter. The ceric sulfate solution is standardized against a 
standard ferrous ammonium sulfate solution potentiometrically or 
in the presence of o-phenanthroline indicator.

Procedure
Five hundred milligrams of the starch sample are weighed into 

a  300-ml. Erlenmeyer flask, and 25 ml. of alkaline ferricyanide 
reagent and 5 ml. of 0.2 per cent glucose solution are added. The 
flask is placed in a boiling water bath for exactly 15 minutes and 
is rotated while the starch is gelatinizing in order to give a uniform 
mixture. At the end of 15 minutes the flask is cooled under the 
tap to room temperature, 25 ml. of sulfuric acid solution are 
added, and the resulting green solution is titrated dropwise with 
standard ceric sulfate. The color change is from green to yellow. 
A blank determination is run on 5 ml. of the glucose solution. 
The equivalents of ceric sulfate are converted directly to milli
grams of copper and reported as iicu units (mg. of copper per 
gram of starch).

Ml. of eerie sulfate X normality of eerie sulfate X 63.57 _  ^  
grams in sample

For starch products which have an Rea greater than 100 a 
smaller sample should be used.
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Potentiom etrie Determination o f Mercaptans 
in Aqueous Alkaline Solutions

M IR O SLA V  W . T A M E L E , LLO YD R. R Y L A N D , AND VANAN C. IR VIN E  
S h ell D ev e lo p m en t C om p an y , E m ery v ille , C alif.

A v o lu m etr ic  procedure for th e  q u a n tita 
tive d e term in a tio n  o f  m ercap tan s in  aq u e
ou s a lk a lin e  so lu tio n s  is  described. M er
cap tan s are precip ita ted  w ith  standard  s il
ver n itra te  so lu tio n , and  th e  end p o in t o f  
th e  reaction  is d eterm in ed  p o ten tio m etr i-  
cally  u s in g  a silver electrode as an  in d icator. 
T h e m eth o d  appears to be specific for m er
cap tan s. I t  is  free o f  in terferen ce  by th e  
u su a l im p u r itie s  accom p an yin g  m ercap tan s  
in  p etro leu m  products and  is  accu rate and  
sen sitiv e .

THE large variety of sulfur compounds present in petro
leum and the necessity of meeting widely different re
quirements of purity of petroleum products call for specific 

methods of treatm ent as well as for specific and sensitive 
methods of analysis. W ith increasing use of aqueous caustic 
solutions for the removal of acidic sulfur impurities (1, 4 ,5 , 7), 
methods of analysis for sulfur compounds in such solutions 
have become necessary. A number of analytical methods 
for the determination of mercaptans in oils have been de
scribed. The method of Tamele and Ryland (2, 6) combines 
the advantages of several older methods with the selectivity 
and sensitivity afforded by the potentiometric determination 
of the end point of the reaction. The present article describes 
a  similar procedure suitable for determination of mercaptans 
in aqueous alkaline solutions.

O u tlin e  o f  Proposed M eth od
The procedure is based on the potentiometric titration of mer

captans with the silver-silver nitrate indicator system. The 
titration is performed in aqueous alkaline solutions to which am
monium hydroxide has been added to prevent the coprecipita
tion of small amounts of silver oxide with the insoluble silver 
mercaptides. The indicator electrode is a silver rod, either pol
ished or coated electrolyticully with a thin layer of silver sulfide: 
the sulfide-coated electrode is more generally applicable and 
gives a greater potential drop at the end point, but the polished 
silver electrode is satisfactory' and was used, unless otherwise 
stated, for the titration of pure mercaptan solutions. Only a 
few substances are likely to interfere with the determination be
cause of the relatively high potential values at which silver mer
captides are precipitated. Hydrogen sulfide, which is often 
present with the lower mercaptans in refiner}' scrubbing solu
tions, is precipitated as black silver sulfide at a considerably more 
negative potential than the light-colored mercaptides, and thus 
it cannot be readily confused with mercaptans.

A pparatus and  R eagen ts
A suitable arrangement of apparatus is shown in Figure 1. 

The indicator electrode, S, is a silver rod, either polished or coated 
with silver sulfide. Any standard reference electrode may be 
used; a layer of mercury covered with a 0.1 N  solution of sodium 
acetate, either aqueous or alcoholic, was used with satisfactory 
results. The electrolyte bridge was filled with the same solution 
of sodium acetate as used in the reference electrode. Any po
tentiometer with a range of 1.0 volt and moderate accuracy is 
adequate. Where a large number of determinations must be 
carried out, a continuous-reading instrument is preferable.

All reagents used were c. p . grade or better. The standard 
0.1 N  solutions of silver nitrate were prepared by exact weighing

of the dry salt (Merck’s reagent) and were standardized by po
tentiometric titration of potassium iodide (3). The 0.01 N  and 
0.001 N  solutions were made from this solution as required by 
exact dilution. The investigation was limited to the aliphatic 
mercaptans including methyl, ethyl, n-butyl, ieri-butyl, n-amyl, 
n-heptyl, and isooctyl mercaptan. The mercaptans were pur
chased from the Eastman Kodak Company. To obviate the dif
ficulty of preparing standard, aqueous, caustic solutions of mer
captans which are easily oxidized by air, approximately 0.1, 
0.01, and 0.001 N  solutions were made in ethyl alcohol and the 
exact concentration of the solutions was determined by poten
tiometric titration in alcoholic sodium acetate immediately 
before use (6); samples for titration were prepared from these 
standard solutions bj' further dilution with aqueous sodium 
hydroxide.

Procedure
The sample of aqueous mercaptan solution is adjusted to suit

able alkalinity by addition of sodium hydroxide or by dilution 
with water; the alkalinity should be approximately 1 N. Increas
ing the concentration above 2 to 3 N  may actually have an adverse 
effect because of the “salting out” action of the stronger caustic 
solutions which may overshadow the slightly more favorable dis
tribution between free mercaptan and mercaptide ions caused by 
the increase in alkalinity (7). The solution is then made ap
proximately 0.05 N  with respect to ammonia by the addition of 
strong ammonium hydroxide solution. This amount was found 
sufficient to prevent precipitation of dark brown silver oxide. 
The final volume should be about 50 to 100 ml. The silver elec
trode is immersed in the solution, silver nitrate (0.1, 0.01, or 
0.001 N) is introduced while the solution is gently stirred, and 
potential measurements are recorded.

The polished electrode assumes a negative potential which 
varies with the nature of the mercaptan and the composition 
of the solution. For a solution 1 N  in sodium hydroxide and 
0.05 N  in ammonium hydroxide, and using alcoholic 0.1 N  
sodium acetate-m ercury reference electrode, methyl and 
ethyl mercaptans im part the most negative potential .of those 
tested, about —0.6 volt; isooctyl next, approximately —0.5 
volt for the same solution; and intermediate mercaptans

F ig u r e  1. A p p a r a t u s  f o r  P o t e n t io m e t r ic  T it r a t io n  
or M e r c a p t a n s
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F ig u r e  2. P o t e n t io m e t r ic  T it r a t io n  o p  M e r c a p t a n s

Ileforenee electrode: Hg!0.1 jV alcoholic NaOAc 
Indicator electrode: Agil.O A NaOH, 0.05 N  NHiOH

around - 0 .3  to - 0 .4  volt (cf. Figure 2). The sulfide-coated 
indicator electrode assumes a more negative potential than the 
polished silver electrode when immersed in the same solution 
of mercaptan. This difference is marked in most cases; 
with re-butyl mercaptan, i t  amounts to approximately 0.28 
volt. Thus, with the sulfide-coated electrode the break at 
the end point is more pronounced (Figure 3).

The end point of the titration is not taken a t  the inflection 
point of the curve but a t  the most positive potential value 
of the almost linear descending portion of the titration curve. 
This end point has been derived empirically from the titra
tion of a large number of solutions of known concentration. 
The e. m. f. of the cell a t the end point varies substantially 
with the composition of the solution (Figure 4). Increasing 
the concentration of caustic causes the initial potential of

ml. O.IOOON AgNOj

F ig u r e  3 . T itr a t io n '  o p  w- B u t y l  M e r c a p t a n  w it h  
P o l is h e d  S i l v e r  a n d  S u l f id e - C o a t e d  S i l v e r  I n d ic a t o r  

E l e c t r o d e

Reference electrode: Hg|0.1 N  aqueous NaOAc
Indicator electrode: Ag or Ag, AgaS|1.0 N  NaOH, 0.05 Ar NEUOII
1. Sulfide-coated electrode. 2. Polished silver electrode

ml. O.IOOON AgN03

F i g u r e  4 . E f f e c t  o f  C o n c e n t r a t i o n  o f  S o d iu m  H y d r o x i d e  
o n  T i t r a t i o n  o f  lert-B u t y l  M e r c a p t a n

Indicator electrode: Polished Ag!(x) NaOH, 0.05 AT NH4OH 
Reference electrode: Hg|0.1 AT alcoholic NaOAc

either indicator electrode to be somewhat more negative, 
but this advantage is more than offset by a shift to more nega
tive values of the final potential which the electrodes assume 
when the mercaptan has been completely precipitated. The 
total change in potential is therefore less as the concentration 
of caustic is increased.

The more negative potential of the sulfide-coated electrode 
in mercaptan solutions is of distinct advantage in the pres
ence of ions which form insoluble silver salts. Thus, the 
titration of mercaptans in the presence of thiosulfate with the 
polished silver electrode gives a barely detectable inflection
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point; but with the sulfide-coated indicator electrode, the 
change in potential is much greater and more distinct 
(Figure 5).

In terferin g  S u b sta n ces an d  C on d ition s

Because of the relatively high values of potential a t  which 
silver mercaptides are precipitated, the chances of encounter
ing an interfering substance are small. Tamele and Ryland 
(6) demonstrated the absence of interference by a number 
of substances occurring in petroleum on the precipitation 
of silver mercaptides in alcoholic sodium acetate; a number of 
these substances are insoluble in water and are not likely to be 
encountered in aqueous alkaline solutions.

T a b l e  I I .  P o t e n t i o m e t r i c  D e t e r m i n a t i o n  o f  M e r c a p t a n s
(In  0.1 N  N aO H  and 0.05 N  N H.OH)

F ig u r e  5 . T it r a t io n  o f  ti-B u t y l  M e r c a p t a n  i n  P r e s e n c e  
o f  S o d iu m  T h io s u l f a t e

Indicator electrode: Ag or Ag, AgiSJl.O N  N aO H , 0.05N  N H 4O H , 0.01 N  
NajSjO*

Reference electrode: Hg|0.1 N  aqueous NaOAc
1. Sulfide-coated electrode. 2. Polished silver electrode

The presence of water-soluble sulfur compounds which form 
silver salts insoluble in ammonium hydroxide is likely to be 
disturbing. However, the presence of sulfide and thiosulfate 
ions, which are most commonly encountered in company 
with the mercaptans, can be readily recognized from the shape 
of the titration curve. Sulfide ions are precipitated a t  a 
more negative and thiosulfate ions a t  a more positive poten
tial than mercaptans; and within certain limits, mercaptans 
can be determined quantitatively in the presence of both these 
substances. The analysis of mixtures of hydrogen sulfide and 
mercaptans will be described in a subsequent paper.

Errors may arise from various sources: oxidation of mer
captans in alkaline solutions, loss of mercaptans by evapora
tion, and coprecipitation of silver oxide due to lack of suf
ficient amount of ammonium hydroxide in the solution.

The coprecipitation of silver oxide with silver mercaptide 
cannot be detected from the shape of the titration curve

T a b l e  I . P o t e n t i o m e t r i c  T i t r a t i o n  o f  0 .0 0 9 1 8  M  « - B u t y l  
M e r c a p t a n  S o l u t i o n

Concentration of
M ercaptan in
T itra tion  Cell,

Found D eviation Electrolyte pH
Afole/l. %

0.00795 - 1 3 . 4 Aqueous buffer mixture 7 .0
0.007S6 —-14 .4 Aqueous buffer mixture 8 .0
0.00795 - 1 3 .4 Aqueous buffer mixture 9 .0
0.00708 - 1 0 .2 Aqueous buffer m ixture 10.0
0.00814 - 1 1 .3 Aqueous buffer mixture 11.0
0.00860 -  0 .4 Aqueous buffer mixture 12.0
0.00924 - f  0 .7 0 .1  N  NaOH 13.0
0.00924 +  0 .7 1.0  N  N aOH 14.0

M ercaptan

M ercaptan  C oncentration in 
T itra tio n  Cell 

Present Found D eviation
Mole/1. %

M ethyl 0.00855
0.001050
0.000095

0.00855
0.001050
0.000095

0 .0
0 .0
0 .0

E thy l 0.00S05
0.000795
0.000080

0.00805
0.000795
0.000080

0 .0
0 .0
0 .0

n-B utyl 0.01050
0.001070
0.000103

0.01050 
0.001070 
No end po in t

0 .0
0 .0

ierf-Butyl 0.00945
0.000930
0.000093

0.00935
0.000930
0.000093

- 1 . 1
0 .0
0 .0

n-Amyl 0.00935
0.000935
0.000094

0.00925
0.000925
0.000094

- 1 . 1
- 1 . 1

0 .0

n-H eptyl 0.01000
0.001000
0.000100

0.00985
0.001000
0.000100

- 1 . 5
0 .0
0 .0

Isooctyl 0.00905
0.000950
0.000095

0.00915
0.000925
0.000095

- 5 . 2
- 2 . 0

0 .0

(Figure 6), bu t will be apparent if the color of the silver pre
cipitate is observed, since silver mercaptides vary in color 
from white for the lower mercaptans to light yellow for the 
higher ones, while silver oxide is dark brown. Thus copre
cipitation results in a distinctly noticeable darkening of the 
mercaptide precipitate, and in such cases more ammonium 
hydroxide should be used.

In  the titration of individual mercaptans, the most favor
able conditions may be estimated with reasonable certainty 
from the data on solubility, ionization constant (7), volatility, 
and consideration of the potentials. Thus it is possible to 
perform a titration of methyl and ethyl mercaptans without 
the addition of ammonium hydroxide and reach the end point 
before precipitation of silver oxide begins. In  general, 
however, this procedure is not practical, and in some cases is 
impossible, particularly in mixtures and when mercaptans 
with low initial potentials are present. The difficulty of such 
a procedure is illustrated by the following experiment with 
n-butyl mercaptan.

T a b l e  I I I .  P o t e n t i o m e t r i c  D e t e r m i n a t i o n  o f  M e r c a p t a n s
(In  1.0 N  N aO H  and 0.05 N  NH .O H )

M ercaptan  C oncentration in
T itra tion  Cell

M ercaptan Present Found Deviation
M ole/l. %

M ethyl 0.00855 0.00855 0 .0
0.00105 0.00105 0 .0
0.000095 0.000095 0 .0

E thy l 0.00805 0.00805 0 .0
0.000795 0.000795 0 .0
0.000080 0.000080 0 .0

n-B utyl 0.01050 0.01050 0 .0
0.00107 0.00107 0 .0
0.00010 No end point

tert-Butyl 0.00945 0.00935 - 1 . 1
0.000930 0.000930 0 .0
0.000093 0.000093 0 .0

n-Amyl 0.00935 0.00935 0 .0
0.000935 0.000935 0 .0
0.000094 0.000094 0 .0

n-H eptyl 0.01000 0.01000 0 .0
0.001000 0.001000 0 .0
0.000100 0.000100 0 .0

Isooctyl 0.00965 0.00925 - 4 . 1
0.000950 0.000925 - 2 . 6
0.000095 0.000095 0 .0



September 15, 1941 A N A L Y T I C

F ig u r e  6 . E f f e c t  o f  A m m o n iu m  H y d r o x id e  o n  D e t e r 
m in a t io n  o f  w- B u t y l  M e r c a p t a n

Indicator electrode: Polished Agll.O N  N aOH with and w ithout 0.05 N  
NH.OH

Reference electrode: HglO.l N  aqueous NaOAc
1. With 0.05 N  N H .O H . 2. W ithout NH.OH 
Calculated end po in t “  8.85 ml.

A series of aqueous buffer mixtures (approximately 0.2 N  salt 
solutions) adjusted to definite pH values in unit increments was 
prepared and 100 ml. of each solution were placed in the cell; 
to each solution 10 ml. of alcoholic 0.1010 N  n-butyl mercaptan 
solution were added. The titrations with silver nitrate were per
formed without the addition of ammonium hydroxide; the results 
are given in Table I.

Below pH 13, serious evaporation losses occur owing to the 
presence of undissociated mercaptan; it was observed tha t the 
loss of mercaptan increased with time and also with the 
speed of stirring. As the pH  of the cell electrolyte was in
creased from 10 to 13, the evaporation losses were materially 
reduced. A t this alkalinity the ionization constant of 2.2 X 
10-“  (7) indicates th a t approximately 99 per cent of the 
mercaptan is present as the sodium salt. How'ever, slightly 
high results were obtained a t pH 13 and 14, owing to the co
precipitation of silver oxide during the titration. I t  is there
fore recommended th a t 1.0 N  caustic be used and the co
precipitation of the oxide be prevented by the addition of a 
sufficient am ount of ammonium hydroxide.

Mercaptans in alkaline solutions are easily oxidized by air 
to disulfides and other compounds. Serious errors far in ex
cess of the inherent analytical error of the determination can 
easily arise from this source. I t  is recommended tha t all 
reasonable precautions be taken to protect the alkaline sample 
from needless exposure to  the atmosphere and th a t the titra
tion be performed without unnecessary delay.

In flu en ce o f  C oncentration
Three series of determinations were made in solutions of 0.1, 

1.0, and 10.0 N  sodium hydroxide. The concentration of mer
captans in the cell solution was varied from approximately 0.01 
to 0.0001 N. The titrations were performed as follows: Mer
captan solutions in ethyl alcohol, approximately 0.1, 0.01, or 
0.001 N, were standardized immediately before use. Ten 
milliliters of the solution of the desired strength were placed in 
the titration cell, the volume was brought to 95 ml. with the 
solution of sodium hydroxide, and 5 ml. of approximately 1.0 N  
ammonium hydroxide were added. (Thus the determinations 
were actually carried out in an aqueous 10 per cent solution of 
alcohol.) The results are assembled in Tables II, III, and IV.

The best results were obtained in solutions of 1.0 N  sodium 
hydroxide. The small error reported in the titration of the 
most concentrated solution of tertiary butyl mercaptan can
not well be ascribed to the loss of mercaptan from the cell by 
evaporation; the solubility (0.0107 mole per liter) and the 
dissociation constant (0.89 X 10_u) indicate th a t in solu
tions containing 0.01 mole per liter all of the mercaptan 
should be retained by 1.0 N  sodium hydroxide (7). This error 
appears thus to be merely accidental. However, the errors 
observed in the titration of the more concentrated solutions

of isooctyl mercaptan are attributed to  the loss of mercaptan 
from the cell through evaporation or occlusion. Extrapola
tion of the data reported by Yabroff (7) for the solubility of 
mercaptans in wrater indicates tha t the solubility of isooctyl 
mercaptan is in the neighborhood of 10- i  mole per liter. 
Assuming further th a t the dissociation constant of this mer
captan is of the same order as those of the lower mercaptans 
(Cj to C7), the concentration of undissociated mercaptan in a 
0.01 N' solution of mercaptan in 1.0 N  sodium hydroxide is 
of the order of 10_5 mole per liter. Undoubtedly the solu
bility of undissociated isooctyl mercaptan in 1.0 iV sodium 
hydroxide is considerably less than 10 _i mole per liter. Thus 
in the more concentrated mixtures a separate phase of un
dissociated, undissolved isooctyl mercaptan could be expected. 
In the titration of the most concentrated mixture, the sepa
ration of an oily phase wTas actually observed. However, 
because of these same considerations, scrubbing solutions 
containing enough isooctyl mercaptan to cause these errors 
would not be encountered in practice. For the analysis of 
nonaqueous solutions containing mercaptans, it is recom
mended th a t the titrations be performed in alcoholic medium 
(6).
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T a b l e  IV. P o t e n t io m e t r ic  D e t e r m in a t io n  o f  M e r c a p t a n s

M ercaptan

(In 10.0 N  N aO H  and 0.05 N  N H 4OH) 
M ercaptan C oncentration in 

T itra tion  Cell 
P resent Found Deviation

M ole/l. %
M ethyl 0.00855 0.00855 0 .0

0.001050 0.001050 _ 0 .0
0.0000945 No end point

E thy l 0.00805 0.00805 0 .0
0.000795 0.000795 # 0 .0
0.000078 No end point

n-B utyl 0.01050 0.01050 0 .0
0.001070 0.001080 . + 0 .9
0.000103 No end point

teri-Butyl 0.00945 0.00945 0 .0
0.000930 0.000930 0 .0
0.000093 0.000093 0 .0

n-Amyl 0.00935 0.00935 0 .0
0.000935 0.000935 . 0 .0
0.000094 No end point

n-H eptyl 0.01000 0.01000 0 .0
0.001000 0.001000 . 0 .0
0.000100 No end point

Isooctyl 0.00965 0.00945 - 2 . 1
0.000945 0.000930 - l . G
0.000095 N o end point

The results obtained in 0.1 N  sodium hydroxide solutions 
show considerable errors, especially in the titration of the 
higher mercaptans. These can likewise be attributed to 
evaporation and occlusion losses. Increasing the concentra
tion of sodium hydroxide to 10 N  reduces the sensitivity of the 
method a t least tenfold and does not increase the accuracy of 
the method over th a t obtained in 1.0 AT sodium hydroxide. 
Apparently the beneficial effect which could be expected with 
a shift in the equilibrium favoring the presence of a greater 
proportion of the isooctyl mercaptan as isooctyl mercaptide 
ion is offset by the salting-out effect of the stronger caustic 
solution.

A ccuracy

The accuracy attainable by the method appears to be in
fluenced by a number of factors, including the nature and con
centration of the mercaptan, its solubility and volatility, 
and the oxidizability of its alkaline solution. W ith due pre
cautions and under the specified conditions the accuracy ap 
pears to be about equal to the accuracy of the standardiza-
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tion of the alcoholic solutions by the potentiometric method 
of Tamele and Ryland (£>)• Alkaline solutions of mercaptans 
are very readily oxidized by air. Errors greater than those 
inherent in the method may arise from undue exposure of 
samples to atmospheric oxygen. By careful manipulation as 
described, the errors can be kept within reasonable limits 
w ithout resorting to air exclusions.

P recision

The precision of the results is difficult to estimate accu
rately, owing to the above-mentioned instability of dilute 
mercaptan solutions. W ithout taking any special precau
tions it was found th a t the standard deviation (root mean 
square deviation) as determined from fifteen titrations of a 
sample of n-butyl mercaptan with 0.01 N  aqueous silver 
nitrate in 1.0 N  sodium hydroxide and 0.05 N  ammonium 
hydroxide was within 0.05 ml. I t  is believed th a t this figure 
is affected somewhat by oxidation of the standard mercaptan 
solution, as the results (Table V) show a slight trend to 
lower values as successive samples were withdrawn.

T a b l e  V. P r e c i s i o n  o p  t h e  M e t h o d  
Sample No. Sample 0.01 N  AgNO» Sample No. Sample 0.01 N A g  NO*

Grams M L /6 grams Grams M L /6  grams
1 5 .70 6.02 9 5.18 6.56
2 5 .00 6.61 10 4 .96 6.52
3 5.40 6 .68 11 5.38 6.65
4 5.41 6.68 12 5.68 6.57
5 5.79 6.59 13 5 .00 6 .63
6 4.73 6.61 14 5.14 6.63
7 5.32 6.69 15 5 .54 6.57
8 5 .10 6.52

L iteratu re  C ited
(1) Border, L. E „ Oil Gas J„  39, 55 (1040).
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(1936).
(4) LaCroix, H. N., and Coulthurst, L. J., Refiner Natural Gasoline

M fr ., 18, 90 (1939).
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8, 16 (1936).
(7) Yabroff, D. L., I n d .  E n g .  Chem ., 32, 257 (1940).

Sulfamic Acid Modification o f the W inkler 
Method for Dissolved Oxygen

ST U A R T  COIIEN AND C. C. R U C H H O FT  
S trea m  P o llu tio n  In v e s t ig a tio n s  S ta t io n , C in c in n a ti, O hio

ACCORDING to Gordon and Cupery (3, 4) the recent 
development of a  practical process for commercial 

scale manufacture of sulfamic acid (NHJ-ISO3) has aroused 
much interest in this chemical. I t  has long been known 
th a t nitrites react rapidly with sulfamic acid to yield nitro
gen and sulfuric acid. A novel industrial application of this 
reaction is the removal of excess nitrite following diazotiza- 
tion—for example, in dye and lake manufacture. Sulfamic 
acid is two to six times more effective on a weight basis than 
urea, which is commonly used for such purposes. This abil
ity  to react with and destroy nitrites led to  the authors’ 
belief th a t sulfamic acid might be substituted for sodium 
azide as a preliminary treatm ent for removal of nitrites in 
the Winkler method for dissolved oxygen.

P roperties o f  S u lfa m ic  A cid
Dry sulfamic acid is a stable, nonhygroscopic, odorless, color

less, crystalline product. It is moderately soluble in water, 
its solubility varying from 14.68 grams at 0° to 47.08 grams at 
S0° C. per 100 grams of water. Its solubility in water is de
creased by presence of sulfuric acid or sodium sulfate and be
comes negligible in 70 to 100 per cent sulfuric acid. Sulfamic 
acid is highly ionized in aqueous solution. The strength of the 
acid is indicated by its reaction with basic oxides, hydroxides, 
and carbonates to form sulfamates. These salts are practically 
all soluble in water.

Sulfamic acid is essentially stable in water solution at ordinary 
temperature. At elevated temperatures the acid is slowly hy
drolyzed to ammonium acid sulfate (3). Salts of sulfamic acid 
are stable in neutral or alkaline solution, and such solutions 
may be evaporated to dryness on the steam bath without hy
drolysis of the amide group.

In cold solution, chlorine, bromine, and chlorates oxidize sul
famic acid to sulfuric acid. Potassium permanganate, chromic

acid, and ferric chloride exert no oxidizing action. Nitric acid 
yields nitrous oxide and sulfuric acid. Nitrites react rapidly 
with sulfamic acid, liberating nitrogen and forming sulfuric acid. 
This reaction may be utilized for the analytical determination of 
nitrites or of sulfamic acid (£, 5).

The properties indicate th a t sulfamic acid might prove a 
desirable agent for the destruction of nitrites in the deter
mination of dissolved oxygen and biochemical oxygen demand. 
I t  has recently been shown th a t sodium azide is very satis
factory for this purpose in stream-pollution and sewage 
studies {1, 6 ,  7 ) .  Sulfamic acid is theoretically only two 
thirds as effective as sodium azide on a weight basis, as the 
following equations show:

NH2S020H (97) +  HNOj — H2SO, +  N, +  H.O 
NaN, (65) +  HJSO< +  HNOi N, +  H20  +  N20  +  NaHSO,

However, sulfamic acid possesses the advantages of cheap
ness, availability, nonpoisonous nature, stability in sulfuric 
acid, and the formation of soluble sulfamates. Conse
quently, a comparative study of sulfamic acid and sodium 
azide for nitrite destruction in the dissolved oxygen deter
mination was undertaken.

E xperim ental

A comparative study of the reaction times of 2 per cent 
sodium azide and 4 per cent sulfamic acid solutions showed 
th a t the reaction between sodium azide and nitrites in acid 
solution proceeded more rapidly than the corresponding 
reaction with sulfamic acid. However, the la tter reaction 
was sufficiently rapid to justify further experimental work 
on the use of sulfamic acid as a nitrite-destroying reagent.
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T a b l e  I. C o m p a r a t iv e  D is s o l v e d  O x y g e n  D a t a  o x  W a t e r , 
D il u t e  S e w a g e , a n d  T r e a t m e n t  P l a n t  E f f l u e n t  S a m p l e s

Water 4- 2 p. p. m. of n itr ite  N
Water 4- 4 p. p. m. of n itrite  N
Water +  0 p. p. m. of n itrite  N
10 per cent sewage
10 per cent sewage - f  5 p. p. m. of ni

trite nitrogen 
Activated sludge effluent 
Activated sludge effluent +  5 p . p. m.

of nitrite nitrogen 
Trickling filter effluent 
Trickling filter effluent 4" 5 p. p. m. 

of nitrite nitrogen

0 Each value is m ean of three determ inations.

-------- Dissolved Oxygen®---------»
Sul

famic 
Azide acid 

modifica- modifica- Devia-
tion tion tion

P. p. m. P. p. m. P . p. rn.
7.74 7.84 0.10
7.92 7.92 0.00
7.85 7.89 0.04
8.10 8.17 0.07
7.90 8.04 0 .08

8.90 8.98 0.02
8.78 8.88 0.10

7.90 8.03 0.07
7.84 7.86 0.02

Tables of solubility of sulfamic acid (S) in varying con
centrations of sulfuric acid show tha t a 20 per cent sulfuric 
acid solution will dissolve approximately 5 grams of sulfamic 
acid per 100 ml. of solution a t 30° C. This being true, it 
should be possible to add the sulfamic acid as a solution in 
dilute sulfuric acid in the preliminary treatm ent for nitrites. 
Accordingly, the sulfamic solutions used in all of the fol
lowing experiments, unless otherwise stated, were prepared as 
follows:

Four grams of sulfamic acid are dissolved in 50 ml. of distilled 
water and 50 ml. of cold 40 per cent sulfuric acid are added. In 
this manner very little heat is evolved, thus eliminating the 
possibility of hydrolysis of the amino group. The solution thus 
prepared is slightly turbid, but this is of no consequence. One 
milliliter of this solution was used as preliminary treatment for 
destruction of nitrites in a 300-ml. dissolved-oxygen sample 
bottle. As applied, this quantity of sulfamic acid will destroy 
19.3 p. p. m. of nitrite nitrogen and is ample for all samples 
likely to be encountered in water and sewage work. After addi
tion of the reagent the bottle is stoppered and shaken and then 
allowed to stand for 10 minutes. From this point on, the pro
cedure is identical with that of the azide modification.

Solutions of varying concentrations of nitrites in distilled 
water were prepared containing from 2 to 6 p. p. m. 
of nitrite nitrogen. Dissolved oxygen was then 
determined on this water by the azide and sul- ■■■
famic acid modifications. A similar comparison 
was run on sewage dilutions, trickling filter 
effluent, and activated sludge effluent both alone 
and with addition of nitrites.

Enough nitrogen was liberated in the de
struction of the higher concentrations of nitrites 
to cause the manganese hydroxide floe to rise 
to the top of the bottle. However, upon re
shaking the bottles in the course of dissolved- 
oxygeîi determinations, the bubbles were 
disengaged from the precipitate, which then 
settled well. The results are given in Table I.
The deviations in the results obtained with 
these modifications vary between 0.02 and 0.10 
p. p. m. and are of the same order of magnitude 
whether or not nitrite was added to the sam
ples. These data demonstrate the efficacy of 
the use of sulfamic acid in the dissolved-oxygen 
procedure.

A series of experiments wras carried out toward 
the development of a shorter, simpler procedure 
employing sulfamic acid. I t  was found that 
the addition of sulfamic acid along with the 
alkaline iodide reagent (like the azide in the 
original Alsterberg procedure) was valueless, 
because the sodium sulfamate formed in alka
line solution does not remove nitrite and the

sulfamic acid produced after the final acidification did not 
remove it in the presence of free iodine. I t  is possible to 
apply the sulfamic acid with the manganous sulfate solu
tion and allow time for the nitrite removal reaction before the 
alkaline iodide reagent is added. This was tried, employing 
2 ml. of a manganous sulfate solution (480 grams of manga
nous sulfate tetrahydrate and 40 grams of sulfamic acid per 
liter) in a 300-ml. sample.

The data obtained in the determination of dissolved oxy
gen by several procedures in the presence of nitrites and cop
per and nitrites and organic m atter are given in Table II. 
They indicate tha t all modifications tried were satisfactory 
in the presence of 100 p. p. m. of copper and 14.4 p. p. m. 
of nitrite nitrogen. In the presence of large amounts of 
organic m atter the nitrites were removed effectively by all 
modifications tried except C, employing the manganous sul
fate-containing sulfamic acid. This procedure definitely 
fails to remove nitrites satisfactorily in the presence of pep
tone or glucose. Although the so-called short Winkler 
technique was employed on these samples, the effect of oxida
tion of peptone and glucose during alkalinization with the 
subsequent reduction in the dissolved oxygen by 0.30 to
0.41 p. p. m. from the initial values in the distilled water is 
indicated by all satisfactory nitrite-removing modifications.

Azide and S u lfa m ic  Acid as Preservatives for D is
solved Oxygen Sam ples

In field studies of sewage-treatment plants or polluted 
streams, it is sometimes desirable or necessary to delay the 
determination of dissolved oxygen for several hours after the 
samples have been collected. To do this it is necessary to 
inhibit biochemical oxidation, besides taking precautions to 
prevent gain or loss of oxygen due to temperature changes. 
I t  has been shown (6) th a t the sulfuric acid-sodium azide 
treatment is more effective for preserving the initial dissolved 
oxygen values than either sulfuric acid treatm ent alone or the 
application of the complete Winkler procedure followed by the 
iodine titration after the interval of storage. The efficacy of 
the sulfamic acid treatm ent for dissolved-oxygen sample pres-

T a b l e  II. C o m p a r a t iv e  D is s o l v e d  O x y g e n  R e s u l t s  
(Obtained under adverse conditions w ith several azide and sulfamic acid modifications)

Concentration of In ter
fering Substances Added 

to  Distilled W ater

100 p. p. m. of Cu + + 4- 
1 .7  p. p. m. of ni
trite  N 

100 p. p. m. of Cu + + 4-
8.4 p. p . m. of nitrite  N 

100 p. p. m. of C u + * 4~
14.4 p. p. m. of nitrite  
N

1000 p. p. m. of glucose 
4- 1.7 p. p. m. of ni
trite  N 

1000 p. p. m. of glucose 
4- 8.4 p. p. m. of ni
trite  N 

500 p. p. m. of peptone, 
no nitrite  

500 p. p. m. of peptone 
4- 4.8 p. p. m. of ni
trite  N 

500 p. p. m. of peptone 
4; 9.6 p- p- m. of 
n itrite  N 

500 p. p. m. of peptone 
4- 14.4 p. p. m. of ni
trite  N

Initial 
D. O. in 

Dis
tilled D. O. Results Obtained with Each M odification

W ater A B C D E
P. p. m. P. p. m. P . p. m. P. p. m. P . p. m. P . p. 7/1.

7.76 7.77 7 .75 7.79 7.74 7 .72

7.76 7.75 7.75 7.88 7.76 7 .80

7.15 7.14 * 7 .12 7.25 7.24 7 .15

7.79 7.52 7.32 7.80 7.51 7.44

7.79 7.61 7.42 10.65 7.52 7.41

7.65 7.35 7 .30 7 .28 7 .25

7.65 7.33 7.27 7.30 7.31

7.65 7.29 7.24 7.28 7.24

7.65 7.30 7.25 7.35 7.28

A ■ 
B - 
C - 
D 
E  ■

Sulfuric acid-sodium  azide prelim inary treatm ent. 
Sulfamic acid prelim inary treatm ent.
Manganous sulfate-sulfam ic acid prelim inary treatm ent. 

> Alsterberg azide treatm ent.
C and D combined.
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F i g u r e  1. D is s o l v e d  O x y g e n

T a b l e  III. D is s o l v e d  O x y g e n  R e s u l t s  o n  P r e s e r v a t io n  T e s t s

25%  Sewage 

famic

10% Sewage 
Sul
famic

A ctivated 
Sludge Effluent

(100?| )u1- 
famic

Aride '  acid Azide acid Azide acid Azide acid
In itial 8.51 8 .56 8 .27 8 .24 7.57 7.60 7.67 7.80
2-hour interval 8.41 8 .46 S .15 S .19 7.44 7.48 7.62 7.79
4-hour interval 8 .10 8.25 S .02 8 .15 7.33 7.32 7.38 7.56
24-hour interval 7.92 7.91 7.07 7 .03 7.12 7.11 7 .09 7.17

Loss of Dissolved Oxygen
A fter 2 hours 0 .10 0.10 0 .12 0 .05 0.13 0 .12 0.05 0.01
A fter 4 hours 0 .41 0.31 0 .25 0.09 0.24 0 .28 0 .29 0.24
A fter 24 hours 0 .59 0.65 1.20 1.21 0 .45 0 .49 0 .58 0 .63

ervation was, therefore, compared to the sulfuric acid-sodium 
azide treatm ent. The material selected for this test was a 25 
per cent mixture of sewage with dilution water.
This constitutes a more stringent test than is = = = = =  
necessary for stream-pollution work.

Twenty-four bottles were put up, twelve of 
which were dosed with the azide reagents and 
twelve with the sulfamic acid reagent. Of these, 
six were used for initial dissolved oxygen, three 
with the sulfamic acid and three with the azide 
treatment. The remainder were allowed to stand 
at room temperatures and dissolved-oxygen deter
minations were made on these after intervals 
of 2, 4, and 24 hours. Similar tests were also made 
on trickling filter and activated sludge effluents.
These results are shown in Table III, all titration 
figures being the average of three determinations.

C om parative B . O. D . D eterm in a tio n s  
by A zide and  S u lfa m ic  A cid  M ethods

In  an extensive, practical, comparative study, 
samples from four different sources were used: 
the Ohio River and tributary streams in the

Cincinnati area, settled sewage, an experi
mental trickling filter effluent, and acti
vated sludge effluent. In  all, a  total of 
652 duplicate samples was analyzed by the 
two procedures and the mean results ob
tained are shown in Table IV.

The individual differences between the 
initial dissolved-oxygen results obtained by 
these two modifications upon all the sam
ples were tabulated and a frequency curve 
for these data is plotted in Figure 1. Posi
tive differences signify th a t the azide value 
is greater, and negative differences that 
the sulfamic acid result is greater. Similar 
plots showing the frequency distribution 
of the differences in the final dissolved- 
oxygen results and the oxygen-depletion 
results are shown on liigher levels in the 
same figure. All these curves indicate 
practically normal probability distribution. 
There m ay be a slight tendency for a larger 
frequency of negative differences in the 
initial dissolved-oxygen data, indicating 
slightly higher results for the sulfamic acid 
modification. This tendency is not appar
ent in the final dissolved-oxygen data.

The standard deviations obtained in each 
of the above sample groups and for all of the 
samples combined are given in Table V and 
are in general in very close agreement. There 
is, however, a slightly greater variation be
tween the initial and final dissolved-oxygen 
deviations and between the initial dissolved- 
oxygen and oxygen-depletion deviations than 
between the final dissolved-oxygen and 
oxygen-depletion deviations. This is prob
ably due to  the added factor of bacterial 
action in oxygen consumption during the 
5-day incubation period.

The sulfamic acid method is not recom
mended when the sample contains interfer
ing substances such as suspensions of river 
mud, quantities of ferrous and ferric iron 
(50 p. p. m. or less of ferric iron do not in
terfere), sulfite wastes, or other oxidizing and 
reducing agents.

S u m m ary
A modified Winkler procedure, employing a solution of 4 

per cent sulfamic acid in 20 per cent sulfuric acid as a pre-

Trickling 
F ilter E f

fluent cioo*?^)

famic

T a b l e  IV. M e a n  C o m p a r a t iv e  D is s o l v e d  O x y g e n  a n d  O x y o e n  
D e p l e t i o n  D a t a

(Obtained w ith azide and sulfamio acid modifications of W inkler m ethod)

No. of

*------------—Dissolved Oxygen-------------- -
In itial F inal

Sul- Sul
fam ic famic

Oxygen Deple
tion  in 5 Days® 

Sul
famic

Samples Azide acid Azide acid Azide acid

Samples
Com modifi modifi modifi modifi modifi modifi
pared cation 

P. p. m.
cation 
P . p. to.

cation 
P . p. to.

cation 
P. p. to.

cation 
P . p. TO.

cation 
P. p. to.

Ohio R iver and 
tributaries

322 8.80 8 .80 6.53 6.54 2 .25 2.26

R aw  sewage di
lutions

119 8 .36 8 .37 5 .52 5.51 2.84 2 .87

A c t i v a t e d  
sludge efflu
en t dilutions

90 8.11 8.11 6.41 6.41 1.71 1.72

Trickling filter 
effluent dilu
tions

121 8.27 8 .28 5 .50 5.45 2 .78 2.81

" Values for each m ethod are m ultiplied by  a  d ilution factor to  obtain  5-day B. 0 .  D.
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T a b l e  V. C o m p a r is o n  o p  St a n d a r d  D e v ia t io n s  o p  R e s u l t s  
Ob t a in e d  b y  A z id e  a n d  S u l f a m ic  A c id  M o d ip ic a t io n s  o f  

W i n k l e r  M e t h o d

No. of S tandard  Deviation
Samples Initial Final

in dissolved dissolved Oxygen
depletionSamples Series oxygen oxygen

P . p. in. P . p. in. P. p. in.
Ohio River and tributaries 322 0.070 0.12 0.14
Raw sewage dilutions 119 0.073 0 .18 0.19
Trickling filter effluent d i

lutions 
Activuted sludge effluent

121 0.052 0.15 0.10

90 0.047 0.15 0.1G
dilutions

Combined 052 0.0C5 0.14 0 .10

liminary treatm ent for the removal of nitrites in the dissolved 
oxygen determination is as satisfactory as the azide modifi
cation for the determination of dissolved oxygen and bio
chemical oxygen demand in sewage-treatment and river- 
pollution studies.

The two modifications, azide and sulfamic acid, appear 
to have equal value in the prevention of biochemical oxida
tion when it is necessary to store a  dissolved-oxygen sample 
for a short time.
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Polarographie D eterm ination o f Ascorbic Acid
M ARY M ANN K IR K , N . Y . S ta te  A gricu ltu ra l E xperim ent S ta tio n , G eneva, N . Y .

SINCE polarographic analysis is essentially based on cur
rent voltage curves and ascorbic acid is a reducible elec

trolyte, this method seems suitable for vitamin C determina
tions. The determination is not hindered by the presence of 
pigments, i t  is specific, and it is sensitive to small amounts of 
electrolyte. Very complete discussions have been published 
by Kolthoff and Lingane (4) and Muller (&).

Preliminary vitamin C determinations were made with a Fisher 
Elecdropode (2) or polarograph. To run a determination, the 
beaker containing the solution to be analyzed is placed under the 
dropping mercury electrode. About 5 mm. of pure mercury are 
placed in the bottom of the beaker to act as the quiet mercury 
electrode and the platinum anode contact is immersed. Nitro
gen is then passed through the solution as a steady stream of 
bubbles. This is continued for 15 minutes in order to eliminate 
any dissolved atmospheric oxygen, which might interfere with 
the curve, since it is easily reduced at the dropping electrode. 
Just before starting the determination, the nitrogen is started 
flowing across the surface of the solution instead of through it. 
If the gas is not thus cut off, fluctuations occur in the curve. 
During the determination the rate of dropping of the mercury 
should be kept at one drop every 3 to 6 seconds, if accurate re
sults are to be expected. Too slow dropping causes slow oscilla
tions in the polarogram and instability in the record. Too fast 
dropping produces undesirable agitation and mixing effects in the 
surrounding electrolyte. The dropping rate can be adjusted by 
changing the height of the mercury reservoir attached to the 
electrode.

Kodicek and Wenig (3) suggested the use of a 0.0G7 N  
phosphate buffer and used the dropping mercury electrode 
polarized as an anode in the determination of vitam in C on 
the polarograph. Since 2 per cent metaphosphoric acid has 
been found very satisfactory as an extractant, work was 
started using it  as the base solution in the determination 
and very satisfactory curves were obtained (Figure 1). One 
to 3 cc. of an ascorbic acid solution, which was approximately
0.001 N , were added to about 50 cc. of the base solution. 
Curves were drawn using the dropping mercury electrode 
both as the anode and as the cathode. No very sharp rise 
was noted when the electrode was polarized as the anode; 
however, on one set of curves there did seem to be a  very 
definite rise a t about +0.33 volt, which was in the vicinity

of tha t noted by Kodicek and Wenig. The difference in 
height caused by varying concentrations was slight even on 
this curve. A much sharper drop occurred a t —1.77 volts. 
This reading was constant, varying not more than ±0.05 
volt for all the curves run.

Since 0.067 N  phosphate buffer a t pH 7 had been suggested, 
this, an acetate buffer of pH 2.2, and a potassium acid phthal- 
ate-hydrochloric acid buffer of pH 2.2 were also tried, but 
none gave very consistent results. The phosphate buffer 
gave a rise which was not typical; the acetate buffer caused 
too rapid dropping of the mercury as the voltage rose and the 
half-wave potential came a t decreasing voltages with in
creasing ascorbic acid concentration; the potassium acid 
phthalate-hydrochloric acid buffer resulted in pronounced 
maxima and the rise caused by the buffer occurred a t the 
same voltage as tha t caused by vitamin C. As this was the 
only base solution causing maxima, no precautions were 
taken for their prevention. A 5 per cent sulfuric acid solu-
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tion was tried as base solution, bu t increased the rate of flow 
of the mercury drops to such an extent th a t no readings could 
be made.

Since each compound results in a characteristic rise a t a 
specific voltage with the use of the proper base solution, the 
interference of such substances as cystine and glutathione 
would be eliminated. The acid base solution used for this 
ascorbic acid determination inhibits the production of cur
rent rises by these compounds. They are determined polaro- 
graphically in ammoniacal solutions of cobaltous chloride in 
ammonium chloride {!).

Since this work was only preliminary, no quantitative de
terminations of ascorbic acid were run. However, results ob
tained indicated th a t this method could be adapted for ac
curate quantitative analysis by comparing the curves ob
tained when an unknown solution was used with calibration 
curves.
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A Sim plified, W ater-Jacketed, Fraction R eceiver
K . S. TO W NE, E. E. Y O U N G , a n d  L. T . EBY  

U n iv ersity  o f  N o ir e  D a m e, N o ire  D a m e, In d .

W IT H  the development of precision fractionating columns 
for use under reduced pressure has come a need for a re

ceiver which will permit an indefinite number of fractions to 
be obtained without disturbing the pressure within the still. 
The older types of vacuum receivers, such as the Bruhl re
ceiver, and the many varieties of multiple rotating receivers
(2) are inadequate since the number of fractions which may 
be obtained with them is strictly limited.

Several variations of the Thorne (4) distillation triangle are 
described in M orton ( 2 ) ,  some of them very satisfactory. 
Cloke (1) has recently proposed a water-jacketed modifica
tion, and Noonan (S) has designed a vacuum receiver in 
which the usual four two-way stopcocks have been replaced 
by a single multiple-way stopcock. The greatest disadvan-

(■<— S  cm.-> -J

tage of these receivers is th a t they are expensive, owing to 
the large number or special nature of the stopcocks required, 
or th a t they require considerable glass-blowing skill to make.

The accompanying figure shows a fraction receiver which 
the authors developed in the organic preparations laboratory 
a t the University of Notre Dame.

I t combines the advantages of the earlier types with greater 
simplicity of manufacture and operation, and reduced cost. It 
can be easily made by an amateur glass-blower. Only two stand
ard 2-mm. bore stopcocks are required: a three-way T  stopcock 
(Coming No. 7420) and a three-way parallel stopcock (Corning 
No. 7380). The cost is considerably less than that of four two- 
way stopcocks. The dimensions given are those which have 
been found most satisfactory with the ordinary laboratory stills, 
but a larger or smaller reservoir may be made for special work.

The operation of the apparatus is simple. The sample is 
transferred from the reservoir of the fraction receiver to the re
ceiver through stopcock B. B  is closed and A  is given a half 
turn, so that the receiver is disconnected from the pump but the 
still remains under vacuum. Air is admitted to the receiver 
through B. After the receiver containing the fraction has been 
removed and a fresh receiver attached, B  is closed and A is turned 
clockwise a quarter turn, so that the still is temporarily discon
nected from the pump while the new receiver is being evacuated. 
When the correct pressure has been established in the receiver, 
A is turned clockwise again a quarter turn, so that the still and 
the receiver are both connected to the vacuum line as shown.

Ground-glass joints may be used to connect the fraction 
receiver to the column and to  the receiver, bu t this raises the 
cost w ithout materially adding to the usefulness of the ap
paratus. A double tube may be used to connect the frac
tion receiver to the receiver to avoid any difficulty with 
viscous liquids rising in the equalizing arm, bu t for the most 
part this refinement has not been found necessary.
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Determination o f Peroxide Values for Rancidity 
in Fish Oils

M AURICE E. ST A N SB Y 1 
U . S. D ep a r tm en t o f  th e  In ter ior, F ish  and  W ild life  Service, S e a tt le , W ash .

C ustom ary peroxide m eth od s for deter
m in in g  ran cid ity  o f  fish oils are entirely  
em pirical, on ly  a portion  o f  the peroxide 
reacting w ith  the iod ide to  liberate iod ine.
T he ex ten t o f  the reaction  depends upon  the  
experim ental co n d itio n s o f  th e  procedure  
used , su ch  as peroxide con cen tration  pres
en t, reaction  t im e , e tc . M oreover, w ith  
high ly  urisaturated  o ils, m u ch  o f th e  liber
ated  iod in e  m ay  b e absorbed by th e  oil.

Som e o f  th e  factors con tro llin g  the re
action  have b een  stu d ied , and it  is  show n  
how  th e  em p irica l n a tu re  o f  th is d eterm in a
tion can  b e decreased, and the reaction  
m ade m ore nearly q u a n tita tiv e  and less  
dependent u p o n  experim ental cond itions  
b y in creasin g  th e  acid ity  o f  the reaction  
m ixture th ro u g h  th e  ad d ition  o f strong  
m ineral acids. Several o ther m odifications  
in  th e  con ven tion al procedures are also  
suggested  to  im prove precision.

PEROXIDE numbers have been widely used as an index 
of rancidity of oils. A number of different procedures 
are available for making such determinations, but results by 

the different methods do not always show good agreement, 
and in using a given method, results are often not reliable.
At least with fish oils, precision is often poor, end points are 
vague, and correlation between peroxide number and organo
leptic rancidity is uncertain.

Since fish oils are among the most unsaturated of edible 
oils, rancidity is of considerable importance, and the Fish and 
Wildlife Service has been concerned with the problem of 
determining it. A considerable amount of data has been 
obtained as to the limitations of this method for fish oils and 
the purpose of this report is to discuss these data.

The peroxide test suffers certain fundamental limitations 
which cannot be improved upon. The peroxide compounds, 
being intermediate and not in themselves responsible for the 
rancid flavors or odors, can be proportional to rancidity only 
so long as they are formed from the fresh oil a t a greater rate 
than they are decomposed to the rancid products.

A B
Thus, in the reaction: fresh oil— >-peroxide— yrancid oil, so 

long as the rate of reaction A exceeds that of reaction B, the 
peroxide value will increase with increasing rancidity and a cer
tain measure of its development will be obtained. If, however, 
the rate of reaction B should exceed that of reaction A, then the 
peroxide value will decrease with increasing rancidity of the oil. 
Accordingly, factors which affect these two rates are of impor
tance in determining the value of the peroxide test as a measure 
of rancidity. One such factor is the temperature of storage of 
the oil. The temperature coefficient of reaction B can be con

1 Present address, U. S. Fishery  Products Laboratory, Ketchikan, 
Alaska.
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sidered to be much greater than that of reaction A, so that with 
increasing storage temperatures, peroxide numbers become less 
and less a reliable measure of rancidity.

Another case of the failure of peroxide values to correlate with 
rancidity is illustrated by the result obtained for the oil in salt 
fish U). Such fish are normally stored at room temperature and 
the oil after several months’ storage becomes extremely rancid. 
The peroxide values, however, do not give any measure of such 
rancidity. They show a slight rise followed by a drop to zero.

In  using the peroxide test under a new set of conditions it 
is always first necessary to be sure a correlation is obtained 
with organoleptic rancidity, and unreliable results are often 
obtained if peroxide values obtained for an oil stored 
under one set of conditions are compared with those for 
the oil stored under some other conditions.

Errors of another type include those caused by faulty 
procedure. Evidence of the existence of such errors has 
been available for some time.

Thus, Lowen, Anderson, and Harrison (5) show that the 
peroxide value obtained depends upon the size of the oil sample 
used. Other errors include vague end points in some cases, poor 
checks on duplicate samples, and different peroxide values when 
different procedures are used.

Taffel and Revis (6) heat the oil with glacial acetic acid in the 
presence of nitrogen gas and solid barium or potassium iodide. 
They state that the greater the degree of rancidity, the more 
difficult it becomes to make all the peroxide react with the iodide. 
For very rancid oils, they recommend a longer heating period 
and the use of more iodide.

Wheeler (?) points out that in the Taffel and Revis method the 
oil and acetic acid form two phases, making considerable shaking 
necessary. He advocates the use of chloroform to form a homo
geneous mixture when the iodide is added as a saturated aqueous 
solution. Under these conditions, he believes it unnecessary to 
heat the reaction mixture or to use an inert atmosphere.

Lea (3) proposes a method midway between that of Taffel 
and Revis and that of Wheeler. He uses chloroform in order to 
keep the oil in solution but adds the iodide as solid potassium 
iodide and heats the reaction mixture in the presence of nitrogen. 
French, Olcott, and Mattill (/) describe an essentially identical 
method.

In an effort to determine the most suitable procedure for 
fish oils, some of the factors involved have been studied rather 
comprehensively. M ost attention has been paid to the 
Wheeler method with some comparative tests by the Lea 
method.

Unfortunately, it was necessary to discontinue the investi
gation before all the factors involved could be thoroughly 
studied, and consequently the methods described below are 
still subject to considerable improvement. However, data  
have been obtained which may be of interest to other workers 
and some definite improvements in existing procedure have 
been made.

In  the following experiments fish oils have been used, 
largely salmon body oils. In  most instances, an extremely 
rancid oil was employed since, according to Taffel and Revis
(6), such rancid oils give the most difficulty in obtaining a 
quantitative reaction of peroxide with iodide.

Table I  shows the effect of the sample size on the peroxide 
value. The Wheeler method shows a somewhat greater 
effect due to this cause than the Lea method. The former 
method gives peroxide values varying as much as 300 per 
cent when the sample size increases from 0.1 to 5.0 grams.
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T a b l e  I. E f f e c t  o f  S a m p l e  S iz e  o n  P e r o x id e  V a l u e

Peroxide Value®
Lea M ethod W heeler M ethod

Oil Sample 
Grams

Oil 1 Oil 1 Oil 2

5 .0 6 .4 6 .7
2 .5 7'.9 6 .9 7 .6
1.0 8 .7 8 .7 9 .7
0 .50 8 .8 9 .0 11.0
0 .25 9 .6 9 .6 13.1
0.10 12.0 13.3 21.8
0.050 b b 23.3

a M illiequivalents of peroxide per kg. of oil. 
b E nd  point extremely vague.

Effect o f  A cid ity
In  the determination of hydrogen peroxide a fairly high 

acidity is recommended (2). In  the ordinary peroxide 
number determination in an oil, acetic acid, a fairly weak 
acid, is used. Moreover, since a nonaqueous medium is used 
the acidity may be much less than in aqueous medium.

Table I I  gives the results obtained when various strong 
acids are present in the solvent: 1 N  sulfuric acid gives the 
highest peroxide number and also the nearest to identical 
results with 1- and 0.1-gram samples of oil, bu t it gives a very 
high blank; 0.1 N  hydrochloric acid gives results next to those 
with 1 N  sulfuric acid in regard to good checks with varying 
sample size, and fairly high peroxide numbers, and a low 
blank is obtained; moreover, a  sharper end point is attained. 
Accordingly, considerable attention was given to the use of 
hydrochloric acid in the solvent.

Peroxide numbers were run with hydrochloric acid in the 
solvent in varying concentrations and using 1- and 0.1- 
gram samples of oil, as follows:

C oncentration of H ydrochloric 
Acid in Acetic Acid, N

0
0 .5
0.1
0.05
0.02

Peroxide Value with 1 G ram  of Oil 
Peroxide Value with 0.1 G ram  of Oil

0.C0
0.73
0.89
0.98
1.05

Results indicate th a t closest checks are obtained for the 
two sizes of sample when a normality of about 0.05 N  is used. 
I t  is believed th a t higher concentrations cannot advantage
ously be used on account of the necessity of adding consider
able water to  the solvent. HC1 =  37% gas +  63% water.

The effect of the presence of water in the solvent on the 
peroxide value when 1- and 0.1-gram samples of oil were used 
is shown by the following:

W ater
Added,

Ml.
0
0 .5
1.5
4 .0

Peroxide Value 
1 gram  oil 0.1 gram oil

53 .2  53 .5
52 .8  CO.5
48.4
30.1 52.0

50 ml. of solvent used in each case

Peroxide Value with 1 Gram  of Oil 
Peroxide Value w ith 0.1 G ram  of Oil

0.995
0.875

0.58

A number of experiments were run with hydrochloric acid 
solvent under different conditions. The results indicate th a t 
one of the most im portant factors is the oxidation of the oil 
by air. N ot only must the air in the space above the re
action mixture be removed, bu t th a t dissolved in the solvent 
as well. This is best accomplished by saturation of the re
agent with carbon dioxide or other inert gas. The oxidation 
of the oil by air occurs in the regular Wheeler method as well 
as in the modified procedure. Sometimes this effect is 
masked by a compensation of errors, the tendency toward 
high results through oxidation being balanced by incomplete 
reaction between the peroxide and iodide. When hydro
chloric acid is present, not only is the reaction between 
peroxide and iodide accelerated but also th a t between any

oxygen present and the oil and iodide. Hence, in the pres
ence of strong acid, exclusion of air is of special importance.

Other conclusions drawn from these experiments include:

1. Upon standing exposed to air the peroxide value for both 
the Wheeler and hydrochloric acid methods increases indefinitely; 
if air is excluded the values tend to approach a maximum value, 
but only after prolonged standing.

2. In the presence of air, light accelerates the reaction.
3. Decreasing the ratio of chloroform to acetic acid gives 

increasing peroxide values but a t the expense of precision and of 
accuracy with different sample sizes.

4. Standing of the oil with the solvent before adding the iodide
tends to give low peroxide values, and this effect is more pro
nounced when using an inferior grade of acetic acid.

T a b l e  I I .  E f f e c t  o f  A c id it y  o f  S o l v e n t  o n  P e r o x id e  V a l u e

Added Acid and 
Its  Concentration 

in Acetic Acid
1 N  sulfuric acid& 
0.1 N  hydrochloric 

acid 
1 N  phosphoric 

acid
1 N  hydrochloric 

acid
0.1 N  sulfuric acid 
0.1 N  trichloro

acetic acid 
None
0.1 N  phosphoric 

acid

Size of 
B lank, 

Ml. 
0.005 N  

Thiosulfate
7 .0  

0 .95  

1 .3

1 .3
1.6
0.6
0 .7

0.6

Peroxide 
Value 

w ith 1 
Gram  of 

Oil®
102
84

80.5

90 .5  
79

70
60 .5  

70

Peroxide Value 1 G ram  of Oil 
Peroxide Value 0.1 G ram  of Oi

v 1.01
0.91

0 .87

0.80
0.75

0.72
0.70

0 .60
a M illiequivalents of peroxide per kg. of oil. 
1» Very poor end po in t obtained.

H ydrochloric A cid  P rocedure
The oil is dissolved in 20 ml. of chloroform or carbon tetra

chloride in a 500-ml. Erlenmeyer flask. A vigorous stream of 
carbon dioxide is passed through and then 30 ml. of a good 
grade of acetic acid containing 4 ml. of concentrated hydrochloric 
acid per liter are added. After about 1 minute the stream of 
carbon dioxide is diminished to about one bubble per second and 
1 ml. of saturated potassium iodide is added. After exactly 5 
minutes, 100 ml. of water (250 ml. if a dark-colored oil has been 
used) are added to the flask, and the iodine is titrated with dilute 
thiosulfate solution, adding starch and shaking vigorously near 
the end point. •

S u lfu r ic  A cid M eth od
Two disadvantages are presented by the use of sulfuric 

acid. A marked purple color develops which obscures the 
end point. The exact nature of the reaction is uncertain 
bu t it is related to the vitam in A content of the oil. An old, 
crude test for vitamin A was to trea t the oil in chloroform 
and acetic acid with sulfuric acid, the color developed being 
proportional to  the vitamin A content of the oil. A second 
disadvantage involves the high blanks obtained. I t  was 
found th a t both these disadvantages could be minimized 
by cooling the reagents in an ice bath before adding the 
iodide and keeping the flask so submerged during the re
action. Under these conditions little or no color developed 
to interfere with the end point and the size of the blank was 
greatly reduced.

Table I I I  gives results obtained by the 1 N  sulfuric acid 
method using an ice bath. For comparative purposes, the 
results obtained by the Wheeler method bu t using an ice 
bath and a carbon dioxide atmosphere are given. Assuming 
the value obtained by the sulfuric acid method after 3 hours 
to be correct (reaction 100 per cent complete), then the 
reaction in the regular Wheeler method is only 65 per cent 
complete and by the Lea method, only 72 per cent complete

A more detailed study of the effect of sulfuric acid con
centration on peroxide values and size of blanks is shown in 
Figure 1. The optimum concentration of sulfuric acid in
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F ig u r e  1

acetic acid appears to be about 1.25 N.  Higher or lower 
concentrations give lower peroxide values. The size of the 
blank increases with sulfuric acid concentration, a  marked 
rise occurring above about 0.6 N.  Accordingly, a sulfuric 
acid concentration of 0.6 N  in the acetic acid is suggested 
as most suitable, since in spite of somewhat higher results 
with 1.25 N  acid, the lower blank a t 0.6 N  makes this con
centration more suitable. Several other factors in connection 
with the use of 0.6 N  sulfuric acid were considered and the 
following conclusions were drawn from the experiments 
made:

1. Light has no influence on the reaction in absence of air.
2. Oil must not be allowed to stand with reagents before 

adding iodide or low results wall be obtained.
3. 1.0 ml. of saturated potassium iodide per 50 ml. of solvent 

gives best results.

T a b l e  III. P e r o x id e  V a l u e s

(Obtained by W heeler and sulfuric acid methods w ith varying reaction 
times)

Peroxide Value®
Reaction Tim e Wheeler m ethod & Sulfuric acid method

M in.
1 32.2 89
5 50 101

30 63 104

Hours
3 78 106

15 93 e
49 104 e

Regular W heeler m ethod 69
Lea method 77

° M illiequivalents of peroxide per kg. of oil.
& Modified by use of carbon dioxide atm osphere and ice bath . 
c Blanks were higher than  determ ination.

S u lfu r ic  Acid Procedure
R e a g e n t s . Solvent. Five parts by volume of concentrated 

sulfuric acid are added slowly with shaking to an ice-cold mixture 
of 300 parts by volume of glacial acetic acid (Baker’s c. p . 
analyzed) and 200 parts by volume of carbon tetrachloride 
(technical grade). The solvent is kept in a refrigerator a t 0° C. 
until ready for use and should be prepared fresh daily.

Saturated aqueous potassium iodide (U. S. P. XI), containing
0.3 per cent sodium carbonate.

Sodium thiosulfate 0.1 N  containing 0.01 per cent sodium car
bonate.

Potassium dichromate 0.1000 N  for standardizing sodium thio
sulfate.

Before using, the sodium thiosulfate solution is diluted 20 
times, and 0.01 per cent sodium carbonate is added. This dilute 
solution is stable for not more than 1 week.

Carbon dioxide or nitrogen in cylinder with needle valve.
Starch, 0.2 per cent, in water containing 0.001 per cent mercuric 

iodide. .
P r o c e d u r e . Dissolve the oil in carbon tetrachloride which 

has been saturated with carbon dioxide by bubbling through a 
vigorous stream of the gas for 1 minute. The concentration of 
oil in the carbon tetrachloride should be about 5 grams made to 
25 ml. in a volumetric flask.

Place 50 ml. of the cold solvent in a 500-ml. Erlenmeyer and 
immerse in an ice bath until the temperature is 1° C. or less.

Saturate the potassium iodide solution, some distilled water, 
the solvent, and the starch solution with the inert gas.

Add 1 ml. of saturated potassium iodide to the flask and im
mediately add exactly 2 ml. of the oil in carbon tetrachloride. 
Allow a very slow stream of carbon dioxide to pass through the 
flask which still remains in the ice bath. After exactly 5 minutes 
add 250 ml. of water saturated with the gas, and titrate at once 
with 0.005 N  thiosulfate, adding the starch near the end point. 
By using all reagents saturated with inert gas, no trouble is 
encountered with a reappearing blue starch color as is otherwise 
the case. The end point remains colorless for at least several 
hours. Run a blank in which 2 ml. of carbon tetrachloride are 
added in place of the oil solution.

In  using this procedure great attention to detail is required 
in order to obtain satisfactory results. High or irregular 
blanks are sometimes obtained, due to a number of causes 
such as failure to cool the reaction mixture completely, failure 
to remove air completely, or use of acetic acid of inferior 
grade. Even when following the procedure carefully, un
usually high blanks are sometimes obtained. The method 
is unquestionably cumbersome and for most purposes it is 
doubtful whether the advantages outweigh the disadvantages.

Figure 2 shows

F ig u r e  2

p e ro x id e  values 
for an oil during 
rancidity develop
ment determined 
by the sulfuric acid 
method and by the 
Wheeler method. 
T h e  f o r m e r  
method gives a 
sharper break in 
the curve a t the

end of the induction period. For the Wheeler method, in the 
early stages, very little air oxidation occurs, so tha t the lack 
of completion of the reaction tends to give low results. As 
the end of the induction period is reached, air oxidation 
counterbalances lack of completion of the reaction, so tha t 
higher results are obtained. This gives a greater slope to the 
curve during the induction period and makes an estimation 
of the end of the induction period difficult.

O ther Procedures
Some experiments were run whereby the ordinary methods 

were drastically altered. These include substitution of other 
oxidation reduction systems for iodide-iodine, and use of 
other solvents. As shown in Table IV, most of these a t
tempts were unsuccessful. The use of acetone in place of 
chloroform-acetic acid as a solvent for the oil gave some 
promise. The iodide was introduced as calcium iodide or as 
potassium iodide in methyl alcohol. As long as no water was 
present, the acetone did not react with the iodine, and the 
latter could be estimated colorimetrically by carrying out the 
reaction in Nessler tubes and comparing with suitable stand
ards. The method was not worked out in detail, but might 
prove successful.

End P o in ts  and  P recision
In  titrating the iodine after the addition of water, an 

emulsion of some of the oil in the water layer usually is 
formed which is very slow to break. When a colored oil such 
as salmon is used, the color of the water emulsion is often 
of a gray-blue hue which makes the starch end point very 
difficult to  distinguish, and either long periods of waiting 
for the emulsion to break are required between additions of 
the thiosulfate near the end point, or one must be satisfied 
with very poor precision. This difficulty can be minimized 
by the use of a large ratio of water added to solvent originally 
present. Using 50 ml. of solvent, about 250 ml. of water 
should be added if emulsion formation is to  be held a t a
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T a b l e  IV .  R e s u l t s  O b t a in e d  b y  V a r io u s  P r o c e d u r e s

M ethod 
S ubstitu tion  of SnCli for K I 

S ubstitu tion  of Fe + + for K I

Rem arks

Use of excess of thiosulfate in re
action m ixture to  rem ove iodine as 
fast as i t  is liberated and prevent 
its  absorption by oil 

Use of m ofybdates or tungsta tes to  
catalyze peroxide iodide reaction
(2)

S ubstitu tion  of acetone for chloro
form -acetic acid solvent. Addi
tion of iodide in m ethyl alcohol or 
as calcium iodide in acetone 

Acetone m ethod as above, b u t iodine 
concentration determ ined colori- 
m ctrically w ithout adding water

Reaction of Sn + + and peroxide too 
slow

Blanks too high owing to presence of 
traces of Fe +++; w ater of crystal
lization present in some pure fer
rous salts interferes 

Thiosulfate does not titra te  quan ti
ta tively  to  te tra th iona te  when 
present in excess in acid media; 
hence poor precision obtained

T ungsta te  has little  or no efTcct. 
M olybdate accelerates reaction bu t 
gives poor precision. Solubility of 
each extremely low in reaction 
m ixture

Acetone reacts slowly with iodine 
when w ater added during titra tio n

M ethod gives some promise. Blanks 
are hard to  correct for; colored oils 
interfere

minimum. Addition of such a large am ount of water causes 
sufficient dilution to make the starch iodine end point less 
sharp, especially for oils having low peroxide values, but this 
effect is small compared to  the difficulty obtained with the 
•dark emulsions formed with highly colored oils.

A further improvement can be attained by adding 0.1 
hydrochloric acid a t the end of the reaction in cases where 
strong acid is not already present in the reaction mixture. The 
presence of strong acid not only minimizes emulsion formation 
but also ensures the quantitative oxidation of the thiosulfate to 
tetrathionate rather than to sulfate (2) which might occur in the 
weak acid solution of extremely dilute iodine present (as low 
as 0.00001 N  iodine). By using these simple precautions 
much better precision is obtained.

If difficulty is still encountered, as with some intensely 
colored oils, the end point can be determined electrometrically 
by immersing a platinum wire in the solution and connecting 
through a calomel half-cell to a potentiometer. The follow
ing readings were obtained with a saturated calomel half
cell, using an oil which was not highly colored in order to be 
able to compare the starch end. point directly with the 
electrometric m ethod:

0.005 N  Thiosulfate Added Starch Color E. M. F.
M l Volt
0 .00 Deep blue 

M edium blue
0.230

13.5 0.230
13.85 Light blue 0.230
13.91 Very light blue 0.229
13.96 Practically  colorless 0.201
14.03 Colorless 0.200
14.90 Colorless 0. 190

used with the hydrochloric or sulfuric acid reagents. Other 
lots of acetic acid give negative blanks—i. e., they react 
with the liberated iodine. Each new lot of acetic acid 
should be tested to see if it liberates iodine from iodide 
under the conditions of the reaction or reacts with iodine, and 
if excessively high blanks are found, another supply of acetic 
acid should be obtained.

The chloroform seems to give no blanks whatever; carbon 
tetrachloride, even of a technical grade, is also suitable, and 
its use as an economy measure is advisable if many tests are 
being run.

A c. p . or U. S. P. potassium iodide gives satisfactory 
results.

S ta b ility  o f  R eagen ts

The potassium iodide solution, especially in the presence of 
light, is oxidized rapidly to iodine. Addition of a few tenths 
per cent of sodium carbonate prevents such oxidation and 
allows the solution to be kept indefinitely.

Blank tests were made on the acetic acid-chloroform solvent 
with and without hydrochloric and sulfuric acid after varying 
storage periods. The blanks for the sulfuric acid reagent 
showed a rapid increase on standing, so th a t this reagent 
should be prepared daily. The other reagents showed no 
increase in the blank after one month, and hence can be kept 
for a t least this long.

Some tests were made as to the stability of the dilute 
thiosulfate (0.005 N )  used for the titration. The concen
tration changed about + 1 .5  per cent in 2 weeks if 0.01 per 
cent sodium carbonate were added and about —4 per cent 
without carbonate. Use of boiled distilled water and of 
storage in the dark did not materially increase the stability.

R ecom m en d ed  Procedures

The following general precautions are recommended in 
running peroxide tests regardless of the exact procedure; 
in addition, other precautions are recommended in case of 
special procedures.

1. Do not allow oil to stand with solvent before adding potas
sium iodide.

2. A technical grade of carbon tetrachloride can be used in 
place of chloroform as an economy measure.

3. Use the best grade of acetic acid obtainable.
4. Run both “positive” and negative blanks, the latter with 

standard iodine solution.

For many routine tests the Wheeler method will give 
results of sufficient accuracy for the purpose. Several

A small bu t decided decrease in 
«. m. f. is observed a t the end point. 
In  the titration of a  highly colored 
oil, enough thiosulfate is first added 
until the starch color begins to fade 
and then readings are taken after the 
addition of each drop. Equilibrium is 
rapidly obtained and the titration 
can usually be completed within 5 
minutes. Ordinarily, however, it is 
not necessary to  resort to the elec
trometric method.

R eagen ts

I t  is of special importance to  use 
a  good grade of acetic acid. Some 
acetic acid, even though meeting 
A. C. S. specifications, gives high 
and irregular blanks, especially when

T a b l e  V . R e l a t iv e  A d v a n t a g e s  o f  M e t h o d s

M ethods 
W heeler (7)

Lea (3) or French, 
Olcott, and  M at- 
till (I)

Hydrochloric
m ethod

acid

Advantages 
E xtrem e sim plicity

M oderate accuracy and 
precision

M oderate accuracy and 
precision

S u l f u r i c  a c i d  G reat accuracy and pre
m ethod cision if details of pro

cedure are carefully 
followed. Good results 
with large sample size 
variation. Sharper 
break  in  induction
curve

Disadvantages
Lack of accuracy. Poor 

results when sample 
size varied

Inconvenience and danger 
of heating reaction 
m ixture. Results still 
no t good when sample 
size is varied. Use of 
inert atm osphere re
quired 

Results only fairly good 
when using varying 
sam ple size. Ine rt a t
mosphere required 

Procedure ra ther in
volved, great a tten tion  
to detail required to 
avoid errors

Application
For routine tests where 

speed is more impor
ta n t  th an  accuracy. 
Use m o d i f i c a t i o n s  
recommended 

H y d r o c h l o r i c  a c i d  
m ethod below more 
convenient and a t least 
as accurate

Use for most work where 
accuracy is im portant 
or where sample size 
m ust be varied 

N o t recommended for 
ord inary  tests
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modifications of the original method will add somewhat to 
the precision obtainable without decreasing the simplicity 
of the method.

1. Use only 10 ml. of solvent in place of 50 ml., as recom
mended by Wheeler.

2. Allow reaction mixture to stand for 1 minute in the dark, 
rather than to swirl the flask as suggested by Wheeler.

3. Use same weight of oil for all tests.
4. Add 50 ml. of 0.1 N  hydrochloric acid in place of water at 

the end of the reaction. The end point is then characterized by 
u more rapid break in the emulsion, giving a water-clear upper 
layer.

When identical sample weights cannot be used (as when 
using aliquot portions of a tissue extract) the Wheeler method 
may give highly erratic results. In such cases or where 
greater accuracy is required, another method should be 
used. While the Lea method (S) will often suffice, the hydro
chloric acid method as described above is simpler and a t least 
as accurate. Such a procedure eliminates the necessity of 
heating the reaction mixture, a dangerous process a t best. 
The acetic acid-chloroform reagent is corrosive to the skin 
in the cold; when heated, especially in test tubes as recom
mended by Lea, there is considerable danger of foaming 
over and serious burns may result. The hydrochloric acid

method not only eliminates this danger, but gives somewhat 
greater accuracy when using samples of differing weights.

When the greatest accuracy attainable is desired, the sul
furic acid method can be used, but because of the close a t
tention to detail, occasional erratic results, and numerous 
cumbersome precautions, this method is not recommended 
for general use. I t  is to be hoped tha t further work may 
simplify this procedure and make it more generally ap
plicable!

Table V summarizes the advantages and disadvantages of 
the various methods.
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Colorim etric D eterm ination o f Lead by Diphenyl carbazide
T . V. LETO NO FF

D iv ision  o f  B io ch em istry , P h ilad elp h ia  G eneral H osp ita l, P h ila d elp h ia , P en n a .

A DDITIONAL experience with determination of lead by 
. the method described by Letonoff and Reinhold (1) 

has revealed several points in the procedure where difficulties 
may be encountered and where certain modifications, al
though minor, may permit more accurate results to be ob
tained.

The following precautions are important in connection 
with the reagents: (1) Ammonium acetate, 40 per cent solu
tion, is unstable a t  room temperature and should be kept in a 
refrigerator; (2) a 15 per cent solution of acetic acid is sub
stituted for the 25 per cent solution used originally, to avoid 
the possible addition of an excess; (3) lead acetate crystals 
used in preparation of standards should be kept well stoppered 
to protect against loss of water and uptake of carbon dioxide 
(lead nitrate is more stable and can be substituted); (4) lead 
chromate and acetate solutions should be stored in bottles that 
have been thoroughly cleaned.

The use of sodium oxalate as an anticoagulant has been 
abandoned. While causing no difficulty when the quantity 
originally specified is employed, amounts greatly exceeding 
the recommended concentrations have led to unreliable re
sults, possibly because of difficulty in maintaining the calcium 
and lead oxalate precipitate in uniform suspension during 
sampling. I t has been found more satisfactory to use clotted 
blood. Samples of blood, 5 to 8 cc. in amount, are measured 
into 13 X 100 mm. Pyrex tubes and allowed to clot. The tube 
with blood and stopper is weighed on an analytical balance to 
the nearest 0.1 gram, the blood is transferred to a silica dish 
for ashing, and the empty tube and stopper are reweighed.

Table I show’s th a t approximately 5-gram samples of blood 
can be analyzed with satisfactory accuracy. Results were low 
for some specimens when samples much in excess of 10 grams 
were employed, probably because of interfering effects of salts. 
Samples of between 5 and 10 grams are recommended.

The method has been applied successfully to analysis of red 
blood cells. Samples of optimal size are obtained by allowing 
5 to 10 cc. of blood to clot. After centrifugation, serum is re-

T a b l e  I. C o m p a r i s o n  o p  L e a d  A n a l y s e s  o n  S a m p le s  o f  
B l o o d

\ To.
W eight of 

Sample Lead Found
W eight of 

Sample Lead Found
Grams M g ./100 g. Grams M g ./100 g.

1 5.1 0.321 9.1 0.311
2 5.9 0.033 10.0 0.032
3 6 .3 0.531 13.1 0.526
4 4 .6 0.055 9 .7 0.054
5 5.0 0.060 9 .6 0.058
6 6 .0 0.056 10.0 0.054
7 5 .2 0.022 10.1 0.021
S 6 .0 0.050 10.3 0.051
9 5 .0 0.044 10.3 0.043

10 5 .8 0.043 11.4 0.044
Av. 5 .5 0.122 10.4 0.119

moved and the resulting 2- to 4-gram sample of red blood cells 
and fibrin is used for analysis; 5 cc. of lead-free water are 
added to the sample and the determination is completed as 
described for whole blood.

A slight alteration in the technique of the determination 
has been introduced a t  the stage of pH adjustment just prior 
to precipitation of lead and immediately following the point 
a t which the directions read “wash dish and paper four times 
with 1 cc. of 0.1 N  ammonium hydroxide” . A t this point the 
control tube is employed as a standard for adjusting the pH 
of the unknow'n solutions. The control tube is prepared as 
described originally but instead of 1 drop of 25 per cent acetic 
acid 15 per cent acetic acid solution is added dropwise to 
each unknown until the red-orange color of the indicator in 
the control tube is matched. A yellow background is helpful. 
In this way possible addition of an excessive amount of acetic 
acid is excluded. The remainder of the procedure is carried 
out as described in the original publication.

L iterature Cited
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The Tackmeter, an Instrument for Analyzing 
and Measuring Tack

Application to Printing Inks

H E N R Y  G R E E N , In tcr ck em ic a l C orporation , N ew  Y ork, N . Y.

W H ILE the study and measurement of tack are of con
siderable interest to many industries, they are of prime 

importance to the m anufacturer and consumer of printing 
inks. Proper control and adjustm ent of tack m ust be se
cured if “picking” is to be avoided and satisfactory “ trapping” 
obtained. Picking occurs when the ink is too tacky, causing 
the surface of the paper stock to be damaged by tearing. 
“Trapping” is a printer’s term designating the retention of one 
ink by another—for instance, if a  red ink is to  be printed on a 
yellow ink, the yellow, which is printed first, must retain the 
red ink and pull it from the printing plate as the plate leaves 
the paper. When this has happened it is said tha t the red 
“ is trapped by the yellow” . This result is satisfactory only 
when the order of taokiness is correct.

Comparatively little has appeared in the literature on the 
subject of tack, although Bekk (1) has published a number of 
papers on printing in which tack is discussed. He defines 
viscosity as the resistance of an ink to compression, and tack 
as resistance to an oppositely directed force—i. e., against 
the splitting of an ink layer. Bekk states th a t a relationship 
exists between tack and .viscosity, bu t makes no attem pt a t  an 
analysis which would show the mathematical relationship. He 
states th a t as far as printing is concerned, yield value will be 
of no consequence, bu t does not explain how he arrives a t tha t 
conclusion.

Reed (2) has developed an instrument called the “ Inkome- 
ter” , composed of a series of rotating cylinders th a t are 
inked and in m utual contact. The ink causes a resistance to 
rotation. This resistance is recorded as torque which is de
fined as “ tack” .

Neither Bekk nor Reed seems to have considered the possi
bility of making a critical analysis of tack to discover the exact 
relationship between tack and the flow-resisting properties 
of a material, or to ascertain whether the somewhat arbi
trarily arrived a t definitions of tack are correct. To make 
such an analysis and so discover the factors upon which tack 
depends was the primary object in constructing the Tack
meter. Obviously, it was not known a t the start, with any 
degree of certainty, just w hat phenomena produce tack. 
Investigators had instinctive ideas about tack but no serious 
attem pt was made to establish their correctness experimen
tally. Before constructing a device for measuring tack, 
a preliminary analysis had to  be made to indicate what 
qualifications such an instrum ent m ust have, but first it was 
necessary to select some simple test th a t would not only dem
onstrate tack bu t be practically synonymous with it in the 
mind of the practical inkman.

Both the manufacturer and the consumer of printing inks 
have used for many years a simple means for estimating the 
tack of printing inks. This is the so-called finger tap-out 
test, which is executed as follows:

The ink is first rubbed out into a sufficiently thin layer with the 
finger tip, either on a nonporous material like glass or on coated 
paper. The finger tip is next firmly pressed into the film and 
then drawn away suddenly. When this motion is repeated a 
number of times in rapid succession, the sensation of stickiness 
arises, caused by the pull-resistance of the ink exerted on the 
finger tip. The amount of this pull-resistance is adjudged to be 
the tack.

An examination of this test shows th a t the ink film has 
divided, one part adhering to the finger and the other part 
remaining on the paper or plate. In  order to predict wrhat 
physical properties of the ink could create pull-resistance it is 
necessary to  know how film splitting occurs. This might 
happen in three ways: by tearing, by  abrupt rupture, or by 
the process of “necking down” . The first of these possibilities 
hardly applies to liquids or to soft plastics like printing inks. 
Abrupt rupture would involve the tensile strength or co
hesion of the liquid to  such an extent th a t it would require 
thousands of pounds of force to  break the film. The ink, 
however, being free to follow the path  of least resistance will, 
instead, neck down to minute cross-sectional areas where 
rupture takes place with relative ease. Necking down is ob
viously, then, the most likely method by which film division 
occurs.

C auses o f  P u ll-R esista n ce
Knowing how the splitting of printing ink films probably 

takes place, the next step is to understand the underlying 
causes of pull-resistance. Lining up the various possibili
ties gives the following list: (1) adhesion, (2) cohesion, 
(3) surface tension, (4) viscosity, and (5) yield value.

Throughout this paper the term  “viscosity” is intentionally 
applied to plastics as well as to true liquids. The term  when 
used in this manner m ust be understood to be in reference only 
to  the cotangent of the curve—i. e., to the force in excess of 
the intercept divided by the rate of flow. The reciprocal of 
this type of viscosity is the “mobility” , a term  preferred by 
rheologists but one th a t wrould be awkward and difficult to

6
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introduce into the ink industry. Unfortunately there is no 
entirely satisfactory term  analogous to  viscosity tha t can 
be applied to plastics of the Bingham type.

I t  is difficult to imagine any other than the above five 
properties as being a  possible cause of pull-resistance or tack. 
If this is so, an analysis of these properties in their relation
ships to the process of necking down should indicate which 
are the ones th a t a tack-measuring instrument must in some 
manner record.

A d h e s i o n . This property enables the ink to adhere to 
the surfaces th a t are being separated, thus making it  pos
sible for the ink to neck down. In  this connection one must 
be careful not to visualize the two surfaces as adhering to 
each other (the printing plate and the paper, or the finger 
tip and the paper). The ink film between the surfaces, 
though thin, is nevertheless of finite thickness and the two 
surfaces are never actually in mutual contact. The force of 
adhesion cannot act through the film but only a t the inter
face between the ink and the surface involved.

Obviously, without adhesion necking down could not take 
place, but the magnitude of the force of adhesion, provided 
it is sufficient to produce complete adherence, cannot in
fluence the magnitude of the pull-resistance. As no portion 
of the separating surfaces is stripped free from ink, no work 
is done against the force of adhesion.

C o h e s i o n . The amount of work done against the force of 
cohesion a t the moment of rupture must be relatively small, 
for the neck thins down to hairlike dimensions before break
ing. I t  seems safe to conclude, therefore, th a t cohesion does 
not play a measurable part in creating pull-resistance. Bekk 
claims, however, th a t very thin layers of ink will rupture 
rather than neck down. This point will be discussed a t the 
conclusion of the paper.

S u r f a c e  T e n s i o n . When the ink film becomes divided on 
account of necking down, two new surfaces come into ex
istence. Surface tension, therefore, must influence the mag
nitude of pull-resistance to a certain extent. W ithout actual 
Tackmeter measurements, however, the importance of this 
property could not be predicted. A subsequent analysis of 
tack measurements as shown below indicates tha t surface 
tension is of minor or negligible importance in the case of 
printing inks and their vehicles.

V is c o s it y  a n d  Y i e l d  V a l u e . By a process of elimination 
it becomes apparent tha t pull-resistance must be accounted 
for mainly by the flow-resisting properties of the ink—i. e., 
viscosity and yield value—influenced, perhaps, to a  certain 
extent by surface tension. The relative importance of these 
three properties can be determined only by experiment.

With the above in mind the Tackmeter was constructed to 
produce a division of the film and a t the same time record the 
effects, if any, of surface tension, yield value, and viscosity. 
It was necessary tha t the area of contact, the film thickness, 
and the rate of pull (surface separation) could be varied, each 
one a t a time, the other two remaining constant. Such an 
arrangement made it possible to study the effect of instru
mental dimensions on the measurements.

T h e  T ackm eter

The Tackmeter (patent applied for) is in effect a  mechani
cal finger, paralleling in execution the finger tap-out test in 
its evaluation of pull-resistance, but capable of placing a 
numerical value on its measurements.

The instrument is shown in Figure 1 and depicted diagram- 
matically in Figure 2. I t  consists of two levers, G and J , con
nected by a loose-joint bar, 7, the entire system being mounted 
on case-hardened pivots at C, D, and E. Into a  threaded hole in 
bar G is inserted a bronze screw, A, the lower end of which func
tions as a finger tip. This tip is pressed into the ink at B, by

placing a 500-gram weight on the bar at G. This causes the bar 
to rest firmly on the supports, K, K ',  making it possible to main
tain a suitable film thickness between the lower end of A and 
plate L. When the 500-gram weight is removed from G, the 
small weight, to, a t the end of lever J, exerts a pulling action on 
lever G, causing finger A  to be pulled upward, thereby necking 
the ink down at B. The upward motion is stopped as soon as the 
right-hand side of J  meets the set screw at H.

I t  is not a t all necessary to use a carefully measured 
volume of ink. All th a t is required is a sufficient excess to 
form a reservoir of ink around the circumference of the finger 
tip. Because the resistance to necking down takes place 
under the finger tip  and not around it, the exact size of the res
ervoir is not of serious importance. The am ount of excess 
ink should not be so great th a t it touches lever arm G, nor so 
little th a t the reservoir is completely used up a t the very sta rt 
of the necking-down process. When the ink volume is properly 
adjusted variations in volume of as much as 100 per cent will 
not affect the tack readings.

The weight, w, will, a t times, be referred to as the pull- 
resistance. In  addition to knowing the magnitude of w it is 
also necessary to have the corresponding rate of break. This 
is obtained by taking the reciprocal of the time of break, which 
is measured with a stop watch, from the instant the 500- 
gram weight is removed until the instant the lever strikes H. 
I t  is not necessary th a t the necking down be carried out ex
actly to the point of rupture, because practically all the re
sistance is offered a t the s ta rt and only a nonmeasurable 
amount exists toward the end of the operation. The entire 
apparatus is kept a t constant temperature through an auto
matically controlled water bath filled so as to contact the top 
plate.

A measurement made like the one described gives the 
rate of necking down of the ink under the arbitrarily selected 
conditions of the experiment—i. e., with predetermined film 
thickness, finger-tip area, and pulling weight to. The pull- 
resistance is always given by the weight, w, which can be 
easily varied. The initial film thickness is controlled by the 
micrometer screw, A,  by means of the graduated head, P.
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F ig u r e  3 . T a c k  C u r v e s

The area of the finger tip  is changed by using a series of fingers 
with different areas. I t  is thus possible to vary each of the 
dimensional factors th a t influence the magnitude of the meas
urement.

When the time of necking down of a thixotropic material is 
measured on the Tackmeter, a rapid repetition of the meas
urement will give a series of decreasing time intervals. 
This is the result of thixotropic structural breakdown. The 
decrease is relatively large with the initial measurements 
but quickly diminishes to the vanishing point on repetition. 
The slightest loss of time encountered here before making 
the next time measurement will allow thixotropic build-up to 
increase to some former level, for a t the lowest level thixo
tropic build-up occurs as rapidly as breakdown. As long as 
the material is kept in motion there is very little chance for 
thixotropic build-up.

T a b l e  I. D a t a  f o r  T a c k  C u r t o s  o f  F ig u r e  3
(Radius of finger tip , 0.788 cm. 

C urve a
Film  thickness, 0.01 cm., 0.004 inch) 

C urve b
1/T im e W eight 1/T im e W eight

1 1
Seconds Grama Seconds Grams

0.22 12.0 0.100 25.0
0 .19 10.1 0.067 20.0
0 .13 7.2 0.047 17.0
0.09 5.1 0.033 15.0

Viscosity, 20.56 poises, deter
mined by N ational B ureau of 

S tandards

Viscosity, 57.1 poises {A: •» 10 
grams), determ ined w ith ro ta 

tional viscometer

The constant in these equations depends on the flow- 
resisting factors of the material and on the instrumental di
mensions, R  and D. These equations can be written thus: 
For liquids,

1/i = K ' K "  K " '  w (it and D constant) (1)

For plastics,

1/i =  A" K "  K ' "  (w -  k) (II and D constant) (2)

where K '  is a function of the flow-resisting property of the 
material and K "  and K ' "  depend on the dimensions of the 
instrument.

F ilm  T h ick n ess

The relationship of rate of break to film thickness is given 
for Newtonian liquids in Figure 4. If the square of the film 
thickness is plotted against the rate of break, tv and R  re
maining constant, a curve will result which will not be quite 
linear. If to each D be added a small value, d, of such mag
nitude th a t the curve becomes rectified and passes through 
the origin, it will be found th a t d is constant for a given finger. 
The value for d was found to be 0.00096 cm. (0.00038 inch) 
for the finger used in obtaining the data for Table II. Ac
tually the curve (Figure 4) will not reach the origin if d is 
constant, but end a t D = 0. The film thickness a t this 
point will be d, and 1 / i  will be small but finite. I t  is not 
known a t present ju st what d represents, but it is evident that 
d could arise from the fact th a t the surfaces of the finger and 
the plate are not absolutely flat perfect surfaces and therefore 
a small space could exist between them, even a t zero setting. 
This small space, d, plus the setting, D, on the micrometer 
head would be, then, the total film thickness.

The curve in Figure 4 can be written as follows:
For liquids,

1/i =  K'K"(D + dy  w (w and It constant) (3)

where K '  is a function of the flow-resisting property of the 
liquid and K"  is an instrumental constant.

Comparing Equation 1 with 3 shows th a t K ' "  is (D +  d)-. 
Since K ' "  is independent of the nature of the material being 
tested, its value, (D  +  d)1, can be substituted in Equation 2. 
Then if w — k is maintained constant and D  varies, we have 
for plastics

1/i = K 'K ’(D +  d)-(w — k) [(u) — k) and R constant] (4)

T h e Law o f  Tack

When a given material, like an ink or a varnish, is tested on 
the Tackmeter with a series of different weights and these 
weights are plotted against their corresponding rates of break—
i. e., the reciprocal of the time of break—a tack curve is 
produced.

From this type of curve (Figure 3 and Table I) a law can be 
empirically derived.

T h e  L a w . For Newtonian liquids the pull-resistance (tack) 
is directly proportional to the rate of break, 1/i—the area of con
tact, vR2, and the initial film thickness, D, remaining constant. 
For plastics (Bingham-bodies, using the Reiner nomenclature) 
the pull-resistance in excess of the intercept, k, is directly propor
tional to the rate of break, the other factors, as before, remaining 
constant.

The law states for Newtonian liquids tha t

1/i =  constant X w (R and D remaining constant) 

and for plasties,

1/i =  constant X (u> — k) (R and D remaining constant)

Area o f  F inger T ip

The remaining dimensional factor th a t can be varied is the 
area of the finger tip. This is changed by using a series of 
fingers with different tip areas. By plotting tim e of break

T a b l e  II. D a t a  f o r  F ig u r e  4
(Radius of finger tip , 0.625 cm., 0.250 inch, d, 0.00096 cm., 0.00038 inch.

10.1 grams. Viscosity of oil, 20.3 poises, determ ined by N ational Bures
nf fitnndorila’l

D (D  +  <*)* 1/T im e K  (E xptl.)a K  (Caled.) &
Inch Inches Sec.

0.0002 0.336 X 10 "« 0.0076 0.015 0.019
0.0004 0.608 0.0151 0.032 0.034
0.0005 0.774 0.019S 0.039 0.044
0.0006 0.960 0.0241 0.048 0.054
0.001 1.90 0.052 0.106 0.108
0.002 5 .66 0.164 0.331 0.321
0.003 11.4 0.323 0.652 0.647
0.004 19.2 0.560 1.10 1.09
0.005 28.9 0.S30 1.68 1.64
0.006 40.7 1.15 2 .35 2.31
0.007 54.5 1.53 3 .15 3.09
0.008 70.2 1.98 4 .08 3.98
a Experim ental K  = n/wt.
b Theoretically calculated K  — 4.6 X 980 (D +  d)V*7i* (for c. g. s. units).
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F ig u r e  4 . R e l a t io n s h i p  o p  R a t e  o f  B r e a k  o f  F il m  
T h ic k n e s s

against various powers of the radii, it was found tha t a  linear 
relationship results when the fourth power is used. Experi
mental results are shown in Figure 5. See Table III.

The curve in Figure 5 can be expressed as follows for liquids:

1/i =  K ' ( j ^ j  K " 'w  {D and to constant) (5)

where K '  is a function of the flow-resisting property of the 
material, and K ' "  is (D +  d)2 as shown above.

F i g u r e  5 . E f f e c t  o f  A r e a  o f  F in g e r  T ip

In comparing Equations 1 and 5, it will be seen in this case 
that K"  is 1 /R*. Making the substitution as before gives 
for plastics

i/ i =  K ' ( J p )  K " '(w  -  k) ID and (to -  k) constant] (0)

Since the Tackmeter measures rate of flow and the force 
that causes it, the instrument is actually a viscometer. 
Therefore the curves shown in Figure 3 are rheological con
sistency curves. The cotangents of the angles a  and 0 are 
functions of the instrumental dimensions, contact area and 
film thickness, and of the viscosity. The viscosity is directly 
proportional to the cotangent (Table IV). Yield value, 
therefore, must manifest itself in the intercept, k. The vis
cosities in Table IV were determined with a rotational vis
cometer.

The reason th a t curve b, Figure 3, is entirely linear may be 
that the Tackmeter uses a film thickness so thin tha t com
plete laminar flow ensues as far down as measurements can be 
made.

Since the cotangent is proportional to the viscosity, Equa
tions 1 and 2 may be rew ritten:
For liquids,

a =  Kwt (7)

T a b l e  I I I .  D a t a  f o r  F i g u r e  5
(Viscosity 560 poises. Heavy mineral oil. W eight, 20.1 grams. 

D, 0.0076 cm., 0.003 inch)
Radius, R R * t

Inch Inches Sec.
0.250
0.188
0.125

3.906 X 10"
1.2-49
0.244

44.0
14.0 
2.75

Sample Viscosity
T a b l e  IV .  

Cotangent
V is c o s it ie s

k  C ot/V iscosity M aterial
Poises Grams

D «  0.003 inch, R  =* 0.25 inch, tem perature *» 29.8° C.
i 19.8 33 .8 0 1.71 M ineral oil
2 34.0 59.3 0 1.74 Varnish
3 41.5 71.5 0 1.72 Bodied linseed
4 64.0 106 0 1.66 Bodied linseed
5 73.5 122 0 1.66 Varnish
6 97.0 161 0 1.66 Varnish
7 60.0 104 4 .3 1.74 Printing ink

D «» 0.004 inch, R 0.25 inch, tem perature *= 29.8° C.
8 58.0 56.0 2 .8 0.97 Printing ink
9 65.0 65.8 4 .8 1.01 Prin ting  ink

D ■■ 0.006 inch, R  ** 0.25 inch, tem perature ** 29.8° C.
10 70.0 38 .7 4 .6 0.555 Printing ink
11 86.0 48 .0 7 .0 0.560 Printing ink
12 114 62.0 0 .7 0.550 Prin ting  ink

For plastics,

n = K{w — k)l (8)

where ¡x is the coefficient of viscosity and K  is the propor
tionality constant, depending only on D  and R.

Combining Equations 3 and 5 gives for liquids

1/i = K '  („,) (8a)

and similarly combining 4 and 6 gives for plastics

1/i = K ' {D (to -  k) (8b)

where K '  is again some function of the flow-resisting property 
of the material. Equations 7 and 8 can be put into a similar 
form:
For liquids,

Km

For plastics,

1/i = Q 'j  K  (to -  k)

(9)

(9a)

Since K  is purely an instrumental constant, a comparison 
of these last four equations would indicate th a t K '  =  1/ju. 
When K '  was given this value, however, it produced unsatis
factory results unless t  was simultaneously introduced into 
the denominator. Such a procedure gives the final equations: 

For liquids,
(D +  d y  to(4.G X 980)t

wR<

and for plastics,
(D + d y  (to -  k) (4.6 X 980)1 

tcR*

(10)

(11)

Thewhere 4.6 is the lever factor and 980 is the acceleration, 
actuating force, F, equals w X 4.G X 980.

Viscosities of Newtonian liquids and plastics can be deter
mined with the Tackmeter readily enough by means other 
than Equations 10 and 11, if a liquid of known viscosity is
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T a b l e  V . V is c o s it y  M e a s u r e m e n t s

/—----------- T eickmeter-------------- « R otational
» Mo i (D -}* d) *Ft Viscometer,

Sample M aterial M f M xR* H (Poises)
D  0.003 inch, d ■* 0.00038 inch, tem peratu re  “  29.8° C .f R  == 0.25 inch

1 M ineral oil 20 .5 20.5 (B. S. 20.56)°
2 Varnish 33.9 33.8 34 .0
3 Bodied linseed oil 42.4 42.5 41 .5
4 Bodied linseed oil 64 .5 64.4 64.0
5 Varnish 74.0 73.9 73 .5
6 Varnish 98 .0 97.8 97 .0
7 Prin ting  ink 64.1 63.7 60.0

D  «■ 0.004 inch, d — 0.00038 inch, R  *= 0.25 inch, tem perature  ■» 29.8° C.
8 Prin ting  ink 59 .5 58.2 58.0
9 P rinting ink 68 .0 67.0 65.0

1 N ational B ureau of S tandards measurem ent.

used for comparison. The comparison m ust be made with 
the same film thickness and contact area for both the known 
and unknown materials. Then for liquids,

Wl
tc°T°

and for plastics,

|~(u> -  k)H
L w°t° J

(12)

(13)

where n°, tv°, and ¿°are the viscosity, weight, and corresponding 
time of break for the standard or liquid of known viscosity. 
Table V gives some measurements made by both methods for 
liquids and plastics.

T ack and  R ela tive  T ack

Tack is defined as the pull-resistance exerted by an ink film 
adhering between two surfaces th a t are separating a t a definite 
rate and with a known area of contact and known initial film 
thickness. This means th a t tack is as much a function of the 
instrum ent th a t measures i t  as i t  is of the ink itself. In  order 
to present a  completely definite measurement of tack it would 
be necessary to give it in the form of three curves such as 
those in Figures 3, 4, and 5. I t  is very much easier and more 
practical to put tack on a relative basis. When tack is com
puted in this way the instrumental constants are practically 
eliminated. Relative tack is the tack of the ink divided by 
the tack of a standard substance such as a stable mineral oil.

Figure 6 shows two tack curves: th a t of the standard oil, 
and th a t of an ink.

C a s e  I. T h e  T a c k  C u r v e  Is L i n e a r . Let (wp, l / lp) be 
any point on the tack curvc of the ink, not necessarily within the 
range of the instrument. This point can be the tack and rate of 
pull existing at the speed of the printing press. I t follows from 
Figure 6 that

(wp — k) (w — k)
1/ip 1/i

Then
(to — k) 

tp +  k

(14)

(15)

Since tt)p is the tack at speed 1/i,,, Equation 15 can be rewritten 
as follows, T  symbolizing tack:

But

=  — J,Æ  + k

K{w -  k)
"  1/i

(16)

and k being directly proportional to the yield value, /,

k = Cf (17)

K  and C are the instrumental constants depending only on the 
film thickness and the area of contact.

Equation 16 now can be written in terms of the rheological 
concepts.

^  -  m i c i

Similarly for the standard oil
w°p _  vß_ 
1 /ip ~  1//°

Hence,

(T°) l / tp
u>°i°

tp

(18)

(19)

(20)

( r ° ) 1 /t,  =  | r  (2 D

Dividing Equation 16 by Equation 20 gives relative tack 

(T /T % / I p = ^ ^ + - ^  (22)

or dividing Equation 18 by Equation 21 gives relative tack in 
terms of n and /.

trr /mn\   ^  I (KC)lpfV /1 h/tp ~ ^ r~ (23)

Since tack and relative tack will be considered in this paper 
primarily in reference to printing press speeds, they will be ex
pressed simply as T  and T/T°, the subscripts being omitted.

One m ust be careful a t this point not to visualize tack and 
relative tack as term s synonymous with viscosity. That 
would be a  serious misconception. Tack, as Equation 18 
shows, has an infinite num ber of values for each ink, regardless 
of its viscosity, the particular value a t the moment of obser
vation depending on the speed of the press, film thickness, 
and area of contact. For this reason the laboratory measure
ment of tack is of no particular value to either the manufac
turer or the consumer of inks. I t  therefore becomes neces
sary to pu t the measurement of tack on a relative basis and 
to express the tack of an ink in its relation to a substance of 
standard tackiness. This is accomplished in Equations 22 
and 23.

The faster the press is operated the smaller tp becomes; 
hence T  increases with increasing press speeds. Theoreti
cally, a t infinite speeds tack becomes infinite. Relative 
tack, on the other hand, decreases slightly as the speed in
creases. A t infinite speed T /T °  reaches the finite value,
This is a limiting value only and can be used only where high 
speeds are involved in the use of the ink.

The right-hand side of Equation 22 is composed of two 
terms. The first, (w — k)t/w°l°, involves viscosity but no 
instrum ental constants; the second, ktp/w°i°, depends on the 
yield value, on both instrumental constants K  and C, and on 
the time of the press, tp. The quantity  tp can be visualized 
as the time interval elapsing between contact and separation 
of the printing plate and the paper. In  actual printing prac
tice tp is exceedingly small, so th a t for practical purposes the 
term ktp/uPt? can be omitted from Equation 22 if desired. 
This explains the im portant fact th a t in high-speed printing, 
viscosity becomes the dominant factor and the effect of yield 
value becomes negligible. The same inference can be drawn 
from Equation 16.

C a s e  II. T h e  T a c k  C u r v e  Is N o n l in e a r . The principal 
cause of nonlinear flow curves is pseudoplasticity. Little of 
practical value is known about such curves. Fortunately 
pseudoplastic inks are the exception and not the rule. Investiga
tors have used “one-point” methods for determining the vis
cosity of such materials: multiplying the cotangent (formed 
with the force axis and a line drawn through the point and the



September 15, 1941 A N A L Y T I C A L  E D I T I O N 637

origin) by tho viscometer constant. That a viscosity determined 
in this manner complies with the definition of the coefficient of 
viscosity is extremely doubtful.

For the sake of argument let the coefficient of “pseudoplastic 
viscosity” be defined as the instrumental constant multiplied 
by the cotangent of the angle formed with the force axis and a line 
drawn tangent to the pseudoplastic curve. Also let tho inter
cept which this line makes on the axis bo defined as a function of a 
“pseudoplastic yield value” . I t  is immaterial what the physical 
significance of these quantities is, as long as they can be meas
ured. The tack equation for pseudoplastics then can be derived 
as follows:

_ , ,  O  -  k)
= K — / T

where fip is the coefficient of pseudoplastic viscosity.

Then

and

Kkt

where K  is the instrumental constant already determined and np 
is the pseudoplastic viscosity. These equations are the same 
in form as those derived from linear flow curves, the only differ
ence being the introduction of “pseudoplastic viscosity” in place 
of “viscosity”.

Unlike viscosity, pseudoplastic viscosity is a variable, de
creasing with increasing speed (3). While the Tackmeter can 
determine a t low rates of flow, it cannot do so at the high 
speeds of the printing press. For such speeds t is small and the 
term Kkt/ii° becomes relatively unimportant. This gives, 
as a limiting case only, and applicable to inks on the press, the 
convenient formula

T/T* =

where /xp cannot be determined on the Tackmeter and recourse 
must be had to a high-speed rotational viscometer for obtaining 
the value in poises of the pseudoplastic viscosity.

The possible effect of surface tension, so far, has not been 
considered. The immediate problem is whether the surface 
tension of the ink or of the ink vehicle influences the value of 
tack or of relative tack as determined by Equations 16 and 
22. Each of these equations contains but two terms; the 
first related to viscosity, the second, to yield value. I t  is 
conceivable th a t surface tension might affect either term or 
both. If it enters the yield value term, its effect can be con
sidered negligible in regard to printing inks, for the yield value 
term itself is negligibly small a t normal printing press speeds. 
If it affects the viscosity term to any appreciable extent, it 
would be manifested in the measurement of t for a  given w 
and so produce obvious irregularities in the measurement of 
viscosity by Equation 10. So far nothing like this has hap
pened. I t  is apparently safe, then, to conclude tha t in the

case of printing inks and ink vehicles, the only physical prop
erties that control tack and relative tack are viscosity and 
yield value.

The relationship between tack and relative tack is such 
th a t if a series of inks gives a certain order of line-up for tack, 
the same order of line-up will exist for relative tack a t the same 
speed. When two different inks give tack curves th a t cross, 
their tacks are equal a t the point of crossing. The tacks 
above the point of crossing are in the reverse order from those 
below th a t point. These conditions also exist for relative 
tacks, though, of course, the complete formulas 22 and 23 
must be used and not just their first terms, when making 
these calculations.

T a b l e  V I .  E x p e r i m e n t a l  T a c k  R e s u l t s  f o r  P r i n t i n g  I n k s  
0** “  1.0 poiae, D — 0.025 cm., 0.010 inch)

Type of Ink  Tack, T /T °
News ink Black 5 .0
Comic news ink Yellow 19.0

Blue 9 .0
Red 2 .0

R otary  ink 1st down yellow 884
2nd down red 386
3rd down black 108
4th  down blue 54.0

R otary ink 1st down yellow 1770
2nd down red 464
3rd down black 312
4th  down blue 73 .0

R otary ink 1st down yellow 550
2nd down red 370
3rd down blue 197
4th  down black 167

Lithographic ink (tin) Yellow 1600
Red 1100
Blue 800

Photogelatin ink Blue 2500

WEIGHT

F ig u r e  6 . T a c k  C u r v e s  o f  St a n d a r d  O il  a n d  I n k

P ick in g  and T rapping

Picking of the paper stock occurs when an ink is too 
tacky for the printing speed or for the stock used. The 
effect of picking is to pull off part of the surface of the paper 
or even to rip the stock completely. Tack measurements 
cannot in themselves predict whether or not an ink will pick; 
this can be determined only by actual trial runs. When the 
maximum tack th a t can be used successfully for a  given 
stock and press speed is once ascertained, it follows th a t if 
this tack is exceeded, picking will occur.

The control of trapping is necessary in process printing 
where inks of different colors are printed successively, one on 
top of the other. The second down ink must be trapped by 
the first down; otherwise it will not print. Both inks being 
subjected to the same pulling force a t the same moment, 
the one tha t necks down faster will be trapped by the other. 
Hence in a series of four-color process inks the first down must 
have the highest tack; the second down, a smaller tack; the 
third down still less, and so forth. Such an order properly 
spaced will ensure the optimum results in trapping. Table 
VI includes experimental results on the relative tacks of some 
process inks. For experimental convenience the standard oil 
used for comparison was one possessing a viscosity of 20.5 
poises a t 30° C. The T / T 0 values in the table were recalcu
lated to a standard oil of 1 poise by multiplying the results by 
20.5. The yield value term was not used in making the cal
culations. The relative tack figures therefore are those for 
infinite speed. On account of the fact th a t measurements 
are in “relative tack” they will differ by only a negligible 
amount from what they would be if calculated a t the finite 
speed of a fast press.
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T a b l e  VII. T e s t s  o p  M in e r a l  O il s

Oil
Film

Sam ple No. Thickness 
Inch

Viscosity
Poises

Deviation 
from Average

%

M axim ur
Deviatio

%
Same sam ple and constan t film thickness

A 1 0.003 97.1
97 .2
97.1
97.2

- 0 .5 2  
+  0 .52  
- 0 . 5 2  
+  0.52

=*=0.52

B 1 0.004 57.1
58.2 
58 .0  
56.9 
57 .5  
57 .8

- 0 .8 7  
+  1.05 
+ 0 .7 0  
-  1.22 
- 0 . 1 7  
+  0 .35

=*»0.12

B 1 0.003 53 .8  
54.5
55.0
55.0
54.8

- 1 . 4 8  
- 0 . 1 8  
+ 0 .7 4  
+  0.74 
+  0 .38

* 1 .1

Same sample, film thickness readjusted  each tim e
A 2 0.004 

(readjusted) 
(read j usted)

95.1
95.5
95.5

- 0 . 2 8  
+ 0 .1 4  
+  0 .14

* 0 .2

A 2 0.003
(readjusted)
(readjusted)

97.0
96 .0
97 .0

+  0 .34  
- 0 .6 9  
+  0.34

=*=0.5

B 2 0.003
(readjusted)
(readjusted)

55.0  
54 .5
55.0

+ 0 .3 7  
— 0.55  
+  0.37

* 0 .5

B 2 0.004
(readjusted)
(readjusted)

57.2
58 .0
57.4

- 0 .5 2
+ 0 .8 7
- 0 .1 7

* 0 .7

Different film thickness with same sample
A 3 0.003

0.004
96.7
95 .4

+  0.6S 
- 0 .6 S * 0 .7

B 3 0.003
0.004

57 .5
54.8

- 2 . 3
+ 2 .3 * 2 .3

Different samples, constant film thickness
B 1

4
5

0.003
0.003
0.003

54 .6  
54 .8
54 .6

- 0 . 1 5
+ 0 .2 2
- 0 . 0 9

* 0 .2

B 1
4
5

0.004
0.004
0.004

57 .6
57 .5
58 .0

- 0 .1 7
- 0 . 3 5
+ 0 .5 2

* 0 .5

D iscu ssion

This paper describes an instrument for analyzing and meas
uring tack. The analysis has been attained by varying the 
pull-resistance, the film thickness, and the area of contact 
individually, studying the effect of each variation and deriv
ing therefrom a mathematical equation relating all the fac
tors involved. This relationship is given for liquids in Equa
tion 10, and for plastics in Equation 11. In  the form of 
tack and relative tack of plastics like printing inks it  is given 
in Equations 18 and 23.

I t  is impossible in a preliminary report of this type, where 
attention has been focused mainly on printing inks, to  go 
deeply into the possibilities and limitations of the Tackmeter. 
As long as the material being tested can be induced to  adhere 
to the metal finger and plate and to neck down on pulling, 
there seems to be no apparent upper lim it to the viscosities 
it can handle. The range of the largest finger used on the in
strum ent has been, so far, from 1 poise to over 30,000,000 
poises, but much research m ust yet be carried out before the 
validity of these high values can be ascertained. As far as 
film thickness is concerned, the Tackmeter has been operated 
successfully with films ranging from 0.0002 to 0.050 inch (5 
to 1250 microns). Bekk has claimed tha t films less than 10 
microns behave differently from thick ones. On the Tack
meter, oil films as thin as 5 microns and even somewhat less 
have been used and no evidence of a change in behavior has 
been detected. Materials w ith yield value, however, can 
give the appearance of a change in behavior if the force em

ployed is either less than the yield value or so close to it that 
the difficulty in carrying out the measurement becomes too 
great to permit consistent and reliable results. This possi
bility is greatly enhanced by the use of very thin films.

Bekk’s argument is th a t when he plots film thickness 
against force, the rate of flow being maintained unaltered, 
the curve produced flattens out toward the force axis as film 
thickness decreases. I t  is difficult to understand how this 
can be interpreted as a change in behavior, for the flattening 
of the curve must occur even for unchangeable materials. 
This can be seen from the equation of flow in capillary tubes 
by plotting the radius against the force, a constant volume 
of flow being maintained. Though Bekk does not use capil
lary tubes, he does employ a capillary space formed between 
a hemisphere and a hemispherical cup of like size and curva
ture. The ink or material is in this space and flows either 
into it or out of it, according to the way the hemisphere is 
moving. Bekk makes no attem pt to develop the formula of 
his flow curve and therefore offers no proof tha t an unchange
able material will give any different curve from the type he 
gets.

If a film thickness of only several molecules is to  be con
sidered, there would be, perhaps, a different law' of flow 
from the one given in Equations 10 and 11. Printing ink 
films, however, are of an entirely different order of magni
tude—2 to 6 microns in process printing—and there is neither 
theoretical reason nor experimental proof th a t such films 
behave in any abnormal manner—i. e., differently from films, 
say, of 0.001 to 0.010 inch or more. As it is far more conven
ient to work with the larger films, the Tackmeter has been de
signed accordingly, though its lower limit is approximately 
2.5 microns.

Determining the precision and accuracy of measurements 
made on printing inks is complicated by the fact tha t such 
materials are invariably thixotropic and consequently it would 
be difficult to decide whether structural changes in the ma
terial or shortcomings in the instrum ent were responsible for 
any unsatisfactory results. Therefore stable mineral oils 
have been used to investigate the duplicability of results on 
the Tackmeter (Table VII). Several types of duplicability 
have been studied: (1) where the material is not removed 
but remains on the instrum ent; (2) where different samples 
of the same material are checked against one another (this 
procedure is necessary because the quantity  of sample is not 
determined by weighing but simply by estimation); (3) 
by changing the setting on the micrometer and then returning 
it to the original setting; and (4) by changing the setting to 
another film thickness and allowing it to remain there. Each 
measurement was made from a curve of only three points. 
The precision, therefore, is th a t obtainable for ordinary 
routine work and by no means represents the precision ob
tainable if many points are used instead of three.

The limitations of the Tackmeter are in  the direction of 
high-speed determinations. In  the case of thixotropic ma
terials various results can be obtained, depending on the 
am ount of thixotropic breakdown th a t has occurred a t the 
time of measurement. The printing press probably destroys 
the thixotropic structure completely; consequently it is 
desirable to make tack measurements on samples th a t are in 
a similar condition of thixotropic breakdown. To approach 
this state on the Tackmeter it is necessary to use the following 
procedure.

After the ink has been placed on the instrument the lever arm, 
J, is raised at the weight end, separating the other end from the 
connecting bar, I. I  is next moved up and down rapidly through 
a distance not quite great enough to break the ink completely. 
This operation can be carried out as rapidly as the finger tap-out 
test. I  is then replaced in its notch and the measurement made 
in the usual manner.
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The method of handling pseudoplastic inks a t high speeds 
has been discussed above. When relative tack is required 
a t high speeds, the viscosity term above is sufficient. This 
can be obtained with a  properly constructed and operated 
high-speed rotational viscometer. Such an apparatus is 
useful where pseudoplasticity enters or where the ink is too 
heavy to undergo a satisfactory thixotropic breakdown 
on the Tackmeter. This conclusion might lead to the ques
tion, why, then, have a Tackmeter? The answer is obvious. 
Neither rotational nor capillary tube viscometers measure 
pull-resistance and therefore they cannot show the relation of 
tack and relative tack to yield value and viscosity. This 
relationship can be determined only by an apparatus that 
splits or partially splits the film. The Tackmeter does this 
and the relationship shown in Equations 10 and 11 is the re

Apparatus and Methods for Precise Fractional- 
Distillation Analysis

New Design o f Adiabatic Fractionating Column and Precision-Spaced Wire 
Packing for Temperature Range —190° to 3 0 0 °  C.

W ALTER J. PO D BIELNIAK  
P o d b ie ln ia k  C entr ifu ga l Su pcr-C on tactor  C om p any, 8312 S o u th  C hicago Ave., C h icago, III.

suit. When Equation 11 is written in the form of Equation 
23, it can be seen tha t relative tack at high speeds depends 
practically only on viscosity. This conclusion cannot be de
rived from either a rotational or a capillary viscometer.
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A new  c o lu m n  d esig n  w as developed and  found  
sa tisfa c to ry  over th e  tem p eratu re  range o f  —190° 
to  300° C. w ith  exten ded  u se  o f  vacu u m  ja ck e tin g  
around  c o lu m n , flask , reflux, and all c o n n ec tio n s, 
a nd  w ith  m e a n s for co m p en sa tin g  for resid ual h ea t  
leak age  th ro u g h  vacuum  ja ck e t. N ew  v a cu u m -  
ja c k e te d  sta n d a rd -ta p er  ground  jo in ts  w ith sta n d  
b o th  liq u id  a ir and  300° C. tem p eratu res, rem a in in g  
v a c u u m -tig h t  and  ea sily  d eta ch a b le . F lexible  
g la ss be llow s are used  th ro u g h o u t as expansion  
jo in ts  for d ifferen tia l th erm a l d im en sio n a l ch an ges. 
T h e  c o lu m n  is  m ade o f  four parts to p erm it in ter -

C OM PLETE and exact control of column thermal con
ditions and of heat input, reflux cooling, and product 

withdrawal is im portant for maximum-efficiency fractional 
distillation. By “maximum-efficiency fractional distillation’’ 
is meant modern high-efficiency laboratory fractionating col
umns and packings ranging from 60 theoretical plates up
wards by test, and requiring proportionately high reflux ratios 
for best performance.

In another paper {12) illustrative data and conclusions are 
given on the performance of nonadiabatic fractionating col
umns. Actually, all laboratory fractionating columns are 
to a greater or lesser degree nonadiabatic, because even the 
best insulation is imperfect. Under certain conditions it has 
been experimentally proved tha t nonadiabatic columns test 
materially more plates than more nearly adiabatic columns.

1 Paten t Notice. The Heli-Grid packing and Super-Cal column de
scribed in this paper are protected by one or more of the following patents 
and by pending pa te n t applications, under which the  Podbielniak Cen
trifugal Super-Contactor Co. is exclusive licensee: U. S. Patents 1,909,315, 
>.917,272, 1.935,888, 1.967,258, 2,009,814, 2,088,385, and 2,093,6-14; British 
Patent 380,220; French P a ten t 721.598; Canadian Paten ts  343,524 and 
343,525; R um anian P a ten t 27,009.

ch a n geab le  u se  o f  various d is tillin g  tu b es and flasks.
A new  form  o f  precision -spaced  w ire-ty p e  p a ck 
in g  w as also  developed for th e  fu lle s t  u t il iz a t io n  o f  
capillary reflux liq u id  film s across c losely  spaced  
w ire tu rn s. T h is  pack in g  h a s tested  as h ig h  as 75 
p la tes in  35 c m . (11 in ch es) w ith  th e  n -h ep ta n e  and  
m eth y lcy c lo h ex a n c  test and  i t s  low  II. E. T . P . and  
o th er  desirable ch a ra cter istic s  are m a in ta in ed  at 
lea st up  to 2 5 -m m . d ia m eter . P erform an ce data  
are su b m itted  for pack in gs o f  various s ize . T h is  
type o f  pack in g  is  now  in  u se  in  m a n y  laboratories  
for both  low - and h ig h -te m p e r a tu re  fr a ctio n a tio n .

Under other conditions it has been possible to destroy the 
effectiveness of a basically 100-plate column to as low as 12 
plates by supercooling or superheating it, depending on the 
volumes and concentrations of charge a t  top and bottom of 
the column. Present fractional distillation theory provides 
no adequate explanation of these findings, which have, how
ever, been exhaustively confirmed by several years of experi
mental work.

In application to laboratory fractionating columns, which 
usually operate with a relatively large volume of charge in 
the kettle compared to column and condenser holdup, while 
super-cooling—i. e., partial condensation of ascending vapors 
through heat radiation from column to outside—may actually 
improve fractionation, although a t the expense of reflux 
ratio, superheating may completely destroy separation no 
m atter how effective the column may be as a contacting ap
paratus. In any case, for fractionation of maximum effi
ciency it  is necessary to control the thermal surroundings of 
high-efficiency fractionating columns to within close limite. 
The insulation of such columns and the compensation of the 
residual heat leakage which occurs through even the best in-
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F ig u r e  1. T h e r m a l  I n s u l a t io n  E f f e c t i v e n e s s  o f  L a r g e - 
B o r e  C o l u m n  V a c u u m  J a c k e t s

Com puted from experim ental d a ta  on 9-mm. inside diam eter jackets

sulation are essential to their best performance. Careful 
control of both the direction and degree of departure from 
the adiabatic condition is highly desirable.

Another factor also enters, in th a t the H. E. T. P. of most 
high-efficiency laboratory column packings varies with the 
vaporization and reflux rate as much as 200 per cent or more. 
I t  should therefore be possible to operate the columns a t the 
proper rates to  secure best balance of high fractionating 
effectiveness and maximum useful distilling capacity. How
ever, in most laboratory columns 75 per cent or more of the 
heat input to the relatively poorly insulated distilling flask is 
lost to the atmosphere, and it is therefore not practicable to 
measure vaporization by heat input. Various devices are 
used to measure vaporiza
tion rate, a t top or bottom 
of column, bu t these are 
usually of only rough ac
curacy, not adequate for 
setting the column a t near 
its optimum rate, as de
termined for a particular 
column and a particular 
mixture.

Finally, the measurement 
and control of reflux ratio 
for high-efficiency columns 
are most im portant in ob
taining best possible separa
tion with a  column in a 
given time of distillation.
The reflux ratio as deter
mined by overhead meas
urements is equal to  the 
over-all reflux ratio only 
when the column is truly

adiabatic. The importance of using an adequate reflux ratio, 
in con] unction with an adequate number of plates, for a desired 
separation, is well brought out by Rose (IS).

P rob lem s in  D esign  and C on stru ctio n  o f  A diabatic  
F ra ctio n a tin g  C olum ns*

In an attem pt to develop a fully adiabatic column for a 
wide range of temperatures, the selection of insulation is 
paramount. This is especially true of high-efficiency pack
ings, which are usually of larger diameter to compensate for 
their reduced distilling capacity due to small clearances; 
there is more area to  insulate and more dependence on the in
sulation.

Figure 1, computed from experimental data  on a 9-mm. 
inside diameter series of air-jacketed and vacuum-jacketed 
columns as presented in a previous paper (9), represents the 
approximate residual heat leakages through a corresponding 
series of 30-mm. inside diameter air and vacuum jackets. 
The great superiority of the metal reflector-shielded vacuum 
jacket over any other form of column insulation is apparent. 
However, a t 300° C. above room temperature the residual 
heat leakage is of the order of 15 watts, which would result 
in serious supercooling if uncompensated. As described in 
a previous paper (10), a  miniature electric resistance wire 
heater m ay be used between the distilling tube or column 
proper and the sleeve-type vacuum jacket, with proper regu
lation, to compensate very closely for this residual heat leak
age for all temperatures.

If the distilling tube for use within the vacuum jacket of Figure 
1 were itself to be vacuum-jacketed, this additional vacuum jacket 
in series with the outer vacuum jacket might offset the increased 
heat leakage of the large-bore vacuum jacket, and make regula
tion of a miniature compensating heater between the two vacuum 
jackets far less critical. Such complication would not be war
ranted merely to replace proper compensatory heater regulation. 
However, the additional vacuum jacket is a by-product of a con
struction advantageous in several other respects.

A more serious problem came up in providing expansion joints 
for the large-bore vacuum jacket. For jacket bores up to about 
9 mm. the inner tube of the vaccum jacket could be bowed deeply 
in the case of low-temperature fractionation, or left almost 
straight in the case of high-temperature fractionation, so that the 
resulting straightening or bowing of the inner jacket tube would 
take care of the inevitable differential expansion between the 
inner and outer vacuum-jacket tubes. However, for vacuum 
jackets of the order of 28-mm. bore, the inner tube is far too rigid 
to use the bowing expedient.

Figure 2 is a diagram of expansions and stresses in vacuum 
jackets under differential temperatures as indicated. The

DiFFBREHTlAi. EXPANSION 
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F ig u r e  2 . D i f f e r e n t i a l  T h e r m a l  E x p a n s io n s  a n d  R e s u l t in g  S t r e s s e s  i n  V a c u u m  J a c k e t s
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F ig u r e  3 . S u p e r -C a l  T y p e  o p  F u l l y  A d ia b a t ic  
V a c u u m - J a c k e t e d  F r a c t io n a t in g  C o l u m n  S y s t e m

data for computation of elastic compression and stresses of 
glass and quartz are Morey’s (7), and have been verified ex
perimentally in this application.

The large-bore Pyrex jacket without an expansion joint cannot 
possibly survive about 135° C. temperature difference, as illus
trated, which subjects the glass to its breaking stress, with a tre
mendous load on the end ring seals of the jacket. Actually, with 
such a severe strain, the jacket would probably break at a much 
lower temperature than the maximum indicated. Curiously 
enough, the literature contains descriptions and drawings of 
similar vacuum-jacketed columns without expansion joints, al
though intended for distillation to high temperature.

The all-quartz vacuum jacket, because of its low thermal ex
pansion coefficient, reaches a temperature difference of 300° C. 
with about one third of its breaking strain (which is approxi
mately the same as that of Pyrex). Actually, in the author’s ex
perience, such quartz vacuum jackets last indefinitely, as far as 
thermal strains are concerned. However, in large sizes, the cost 
of the quartz is prohibitive.

The third vacuum jacket in Figure 2 is Pyrex, with the in
corporation of a flexible glass bellows as expansion joint in 
the inner tube. W ith proper fabricating machinery and 
technique, these bellows can be made amply rugged me
chanically, and yet sufficiently flexible to take care of all differ
ential expansion a t  300° C. temperature difference, with more 
than 100 per cent safety margin and only 15.9-kg. (35-pound) 
strain in the inner tube. This, then, seemed the only possible 
and satisfactory solution of the problem of absorbing the differ
ential expansion of a large-bore vacuum jacket, and was 
adopted in the columns described here.

Iligh-EfTiciency V acu u m -Jack eted  C olum n

Figure 3 shows the Super-Cal system of interchangeable 
outer vacuum jacket, distilling tubes and flasks provided 
with vacuum jackets and ground joints, and reflux cooling 
heads.

Flexible glass bellows are used as expansion joints in the con
struction,of all the column parts except the reflux cooling head, 
and except where inlet and outlet tubes could be bent to serve as 
expansion joints, as in the vacuum-jacketed distilling flasks. 
The flexible glass bellows expansion joint is used in the outer tube 
of the vacuum-jacketed distilling tubes, not in expectation of 
large temperature difference across these tubes in normal opera
tion, but as an emergency provision in case of momentary large 
temperature differences, as when starting distillation.

The use of vacuum-jacketed standard-taper ground joints 
between the bottom end of distilling tubes and distilling flasks 
to provide a leak-tight, easily detached connection a t this 
point has successfully overcome a very annoying difficulty in 
both low- and high-temperature fractionating apparatus. 
As rubber tubing joints or lubricated ground joints freeze a t 
liquid air temperatures and leak, while unlubricated ground 
joints are not vacuum-tight a t any temperature, only fused- 
glass joints have hitherto been satisfactory for connecting 
low-temperature distilling bulbs to the column. In high- 
temperature fractionation, corks coated with glue have been 
the usual but unsatisfactory solution, while ground joints 
cannot be relied upon a t high temperatures.

With a suitable lubricant of high graphite content, the 
vacuum-jacketed joints between distilling tube and the 
vacuum-jacketed series of distilling flasks not only remain 
vacuum-tight a t lowest obtainable temperatures, but can even 
be rotated a t those temperatures without developing leaks. 
Instant interchange from one size or type of distilling bulb to 
another without disassembly of column has thus been made 
possible for low-temperature fractionation apparatus. A 
mercury seal, although not found necessary in practice, may 
be used with this type of joint to assure tightness under all 
vacuum conditions.
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F ig u r e  4 . L o w - T e m p e r a t u r e  S u p e r - 
C a l  T y p e  o p  D is t il l in g  F l a s k  w it h  
B u il t - I n  P r e c o o l e r  a n d  H e a t in g  

W e l l

The vacuum-jacketed joint with either the vacuum- 
jacketed or non-vacuum-jacketed series of distilling flasks 
has proved equally satisfactory for high-temperature frac
tionation. Sufficient temperature gradient exists through
out the long ground zone of the joint so th a t most of the lu
bricant remains a t a low enough temperature to function satis
factorily.
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F i g u r e  5 . D ia g r a m  o f  H e m -G r id  P a c k in g s

A .  Assembly of sector-section coils tw isted around central core
B. Staircase assembly of rectangular section coils around central 

core

A detachable low-temperature fractionating flask must ob
viously carry its own vacuum jacketing, ¡is is illustrated in Figure 
4, which shows a flask of 50-cc. total capacity, with its built-in pre- 
cooler element, also serving as heater well, with a cartridge-type 
heater, as described for the Super-Cool column (12).

The reflux cooling heads shown are of conventional type, for 
high-temperature fractionation, suitable for brine, water, or air 
cooling. The same remarks apply to the vacuum-jacketed upper 
ground joint of the distilling tubes as were made above with refer
ence to the lower joint. The heads should be proportioned for 
least holdup of liquid compatible with adequate cooling surface 
for the capacity of distilling tube used for the lowest boiling 
liquids to be distilled. For low-temperature fractionation the 
vacuum jacket of the distilling tube terminates sufficiently below 
the upper end of the distilling tube to permit the use of a reflux 
cooling vessel and attachments as described for the Super-Cool 
column.

The outer tube of the vacuum-jacketed packed distilling ele
ment serves conveniently to join the upper and the lower vacuum- 
jacketed ground joints, without weak triple-glass seals, and to 
protect the weaker inner tube with its expensive packing. It 
also serves its a secondary (nonreflectored) insulation and as a 
buffer against improper regulation of the compensatory miniature 
resistance wire heater which is used in the annular space between 
the two vacuum jackets.

With the Super-Cal type of column assembly the heat lost 
by radiation from the vacuum-jacketed distilling flasks need 
not be more than a few watts, and this can be accurately al
lowed for, while complete compensation can be provided for 
in the column proper by the means described. Thus, this 
generalized column design provides for fully adiabatic column 
and still performance throughout the entire temperature 
range of —190° to  300° C., with no change in general design, 
except for adaptations of distilling flask and reflux head for 
low-temperature fractionation. I t  is actually possible, in 
the one column, to distill a sample ranging in composition 
from methane to lubricating oil, beginning with a reflux tem
perature of —161.4° C. a t atmospheric pressure, and ending 
with 300° C. in the reflux a t 20-mm. absolute pressure.

F ig u r e  6 . H e i .i -G r id  P a c k in g s

high plates and distilling capacity. I t  seemed th a t the prin
ciple of capillary film formation between wire turns or loops 
spaced precisely in accordance with definite carefully worked 
out patterns could be extended to yield a t least as low
H. E. T. P .’s as packings depending on random arrange
ment (such as Lessing rings or single-turn wire or glass 
helices).

S tarting with this basic thought, the rest of the develop
ment was entirely experimental, consisting of trying out 
innumerable wire patterns, sizes, spacings, loop diameters, 
sections, etc., in each case testing the packing variation by ben- 
zene-ethylene dichloride test mixture, and later with n-hep- 
tane and methylcvclohexane. Theory on surface tension 
phenomena was found to be of little help when dealing with 
liquid and vapor flows through complex wire whorls. I t  was 
necessary to concentrate on development of forming technique 
and tools and of special machinery for most precise and uni
form execution of those packings which gave best test results,
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C on stru ction  and P erform ance C h aracteristics of 
P ack in g

The Iieli-Grid high-efficiency packing was developed simul
taneously with the Super-Cal column assembly, in an effort 
to arrive a t a balanced laboratory fractionating column of 
maximum efficiency. Having provided the proper thermal 
conditions and all other operating elements, further progress 
was naturally in the direction of securing greatest attainable 
effectiveness of the vital packing element.

In the development of high-efficiency laboratory column 
packings, first thought was given to the possibility of improv
ing the single wire-coil packing introduced by the author for 
low-temperature fractionation, because of its unusual com
bination of low holdup and small diameter with relatively
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varying details of spacing, coil diameter, section shape, etc., 
very slightly to detect trend of change in further test results. 
Only correctness of form and precise execution distinguish 
this type of packing from a scouring wad of tangled wire.

It was found possible to develop many forms of close-clear- 
ance wire packings which showed high efficiencies, such as the 
two forms illustrated in Figure 5. The packing in Figure 5, A, 
consists of coils of sectorlike section, wound around each and 
around a very small core wire, to yield a number of uniform non
flooding vapor passageways, “lined” perfectly with capillary 
liquid reflux films extending between vertically adjacent wire 
loops. Another form of packing (Figure 5, B ) 
consists of wire cage “staircases”, wound 
around a central solid core and around each 
other in concentric telescoping layers, if neces
sary to obtain larger diameters and capacities.
Figure (i illustrates several sizes and types of 
Heli-Grid packings.

This type of packing has been named the 
Heli-Grid because of its resemblance to helical 
grids or filaments. Because of its capillary 
spacings, it acts like a metal sponge with re
spect to any liquid reflux seeking to channel 
between packing and walls of glass tube or of 
the solid core, and no such channeling can 
occur except at actual gross overflooding. Even 
if the packing is tilted nearly horizontal and 
some liquid poured into the upper end, the 
liquid will not channel, but will actually run 
spirally up and down following the capillary 
wire coils. In order to assure this freedom from 
channeling, despite nonuniformity of bore of 
glass tubing used, the packing is pre-tensioned 
as to twist in fabrication to fill the glass tub
ing snugly at all points, despite irregularities.
Inconel, or Nichrome, is the wire material of 
choice, because of its high resistance to corro
sion of all types and because it can be readily 
cleaned with sulfuric and nitric acids without 
injury. Wire sizes and spacings will vary with 
design, but usually the wire is of the order 
of 0.25-mm. (0.010-ineh) diameter, with spac
ings between wire about equal to wire diameter.

As the testing of laboratory column pack
ings has become fairly well standardized in 
the technical literature, it has been possible 
to compare Heli-Grid packings with other 
high-efficiency packings as to performance 
characteristics (Figure 7). In representing 
other packings every attem pt has been made 
to use the actual data given in papers by 
those introducing the packings, or to compute 
therefrom without error or prejudice.

The author believes that in the case of 
analytical batch fractionating columns, 
neither the height nor the diameter of the 
column, so long as these are not excessive, 
is of importance, as against the desirability 
of high distilling capacity and number of 
plates with least possible holdup of sample in 
column. Therefore, factor A was set up to 
express over-all column efficiency considering 
all these three important factors. Bragg (2) 
has set up a similar factor, in reciprocal 
form, for use in his comparison of column 
packing types.

The H. E. T. P. of the Heli-Grid packing, as 
determined by the »-heptane and methvlcyclo- 
jiexane test mixture at total reflux, is the 
lowest yet reported in the literature, reaching 
? Plates in 35 cm. (14 inches) of packing, or 

about- 0 .5  cm. (0.2 inch) H. E. T. P. As is 
shown in Figure 8, these low II. E. T. P .’s have 
been verified on 108-cm. (36-inch) packings, up 
to the limit of the ?i-heptane and methylcyclo- 
nexane test.

I
I
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Likewise, as regards holdup per plate and factor A, Heli-Grid 
packings compare very favorably with other packings, through
out most of their distilling capacity range. Like many other 
high-efficiency low-holdup packings, the H. E. T. P. vs. reflux 
rate curve falls off rapidly with increasing reflux rate. Con
versely by operating at low rates, the Heli-Grid packing attains 
remarkable fractionating effectiveness without the usual falling 
off at low rates shown by many other packings. This behavior 
would seem to show complete freedom from channeling of either 
vapor or liquid, at the lower rates.

Strangely enough, the Heli-Grid packing requires preflooding 
in the manner described by Fenske and others, for attainment 
of highest efficiency. This was not originally appreciated in

TOTRL R LH -U X K.ATE -  CC./HB-

F ig u r e  7. C o m p a r is o n  o p  H e l i -G r id  w it h  O t h e r  H ig h - E f f ic ie n c y  
L a b o r a t o r y  C o l u m n  P a c k in g s

1. Heli-Grid, 11-mm. inside diam eter, 35-cm. (14-inch) section
2-a. Fenske, single-turn metal helices, 1.98-cm. (0.79-inch) inside diameter, 277.5-cm.

(111-inch) section (4. i 7) # „
2-6. Fenske single-turn helices, 1.55-cm. (0.62-inch) inside diam eter, of No. 34 stainless

steel wire, 25.4-mm. inside diam eter packing. lOO^mm. length of packed section (18
3. Purdue, spiral screen, 1.873-cm. (0.75-inch) inside diam eter, 42,5-cm. (17-inch) section

(0)
4. Spinning band, 6.7-mm. inside diam eter, 540-cm. (210-inch) section (/)
5. Bruun 100-plate bubble cap, 195-cm. (78-inch) section (3)
c! Burk-Selker, concentric tubes, 14-mm. inside diam eter, 150-cm. (60-inch) section (14)
7. Stedrnan, conical wire cloth, 9.5-mm. inside diam eter, 60-cm. (24-inch) section (16)
8. Urey, rotating cone, 10.5-meter (35-foot) column (6)
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developing the packings and it was gratifying to find that con
siderable improvement resulted from this procedure. Once 
wetted by preflooding, a packing will operate a t its best efficiency 
throughout a distillation, until dried out by stopping distillation 
or otherwise.

Heli-Grid packing sizes have been worked up from 4.5-mm. 
(used for low-temperature fractionation) to 25-mm. diameter. 
Unlike certain other types of high-efficiency packings, the
H. E. T. P. and factor A curves for the Heli-Grid type of packing 
do not deteriorate with diameter for the sizes thus far developed. 
This is as expected, as the design of diamet-er packings is varied 
to maintain vapor passageway length and clearances, etc., as con
stant as possible for all the packing sizes.
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measuring heat input to flask, and with a sensitive vacuum con
trol for use in vacuum distillation.

In this apparatus, the Heli-Grid packed Super-Cal column 
has been tested on a wide variety of distillable mixtures, such as 
high-boiling petroleum fractions, heat-sensitive essential oils, 
fatty acids, etc. The Heli-Grid packing loses comparatively 
little of its distilling capacity even down to 20-mm. absolute 
pressure, presumably because its bottleneck is liquid rather than 
vapor volume rate. Owing to its wire structure, it is possible to 
drain absolutely all liquid from packing towards the end of a dis
tillation, by chilling the flask.

One interesting phenomenon observed in this work de
serves a t least passing mention, although full discussion must 
be reserved until completion of quantitative tests now in 
progress. I t  has long been tacitly assumed th a t the best way 
to operate any column is with as nearly continuous a  product- 
withdrawal rate as possible. The computation of column 
plates and obtainable separations as by the Smoker equation 
(15) uses the reflux ratio obtained by dividing reflux rate by 
average product rate.

However, in operating the high-efficiency column and pack
ing here described, on close-boiling binary test mixtures at 
high reflux ratios, very much better separations have been 
obtained by holding the column a t total reflux for periods of 
30 minutes or more, and then withdrawing a quota of prod
uct almost instantaneously, again holding the column a t total 
reflux, and so on, than by withdrawing the product continu
ously a t  the same average rate as in the interm ittent opera
tion. In  fact, the separations obtained are better than called 
for by either Rose’s computations of batch fractional dis
tillation curves (18) or Smoker’s formula (15). The same 
phenomenon has long been observed in experimental work on

450 500
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F ig u r e  8 . T y p ic a l  P e r f o r m a n c e  C u r v e s  f o r  H e l i - G r id  
P a c k in g s  o f  V a r io u s  D ia m e t e r s

The above performance results for the Heli-Grid packing 
are not to be considered a t all final or maximum. I t  is ex
pected th a t refinements in design and construction will re
sult in enhancing performance and especially in lifting the 
low end of the performance curves a t  high reflux rates.

A p p lica tion  o f  C olu m n  and  P ack in g

T o F r a c t i o n a t io n  a b o v e  R o o m  T e m p e r a t u r e . W ith the 
new type of column and packing, fractionation of normally 
liquid mixtures above room temperature differs from low- 
temperature fractionation in only two ways: (1) the sample 
may and usually should be much larger in the case of high- 
temperature fractionation, and (2) the upper portion of the 
distilling tube and the reflux cooling head are suitably de
signed for handling components condensing above room tem
perature and collected in the liquid state.

Figure 3 illustrates primarily adaptations of the Heli-Grid 
packed Super-Cal column to high-temperature fractionation. In 
the vacuum-jacketed distilling flask series, a heater well and a 
cartridge type of heater are used, preferably with a suitable heat- 
transfer liquid, such as oil, filling the heater well. If this seems 
inadequate to one accustomed to piling on heat on the usual non
jacketed distilling flask, it should be remembered that only a 
fraction as much heat need be supplied through the walls of the 
vacuum-jacketed flask.

Figure 8 gives the performance characteristics of Heli-Grid 
packed Super-Cal columns, as determined by the n-heptane and 
methylcyclohexane test mixture. The packings differ mainly in 
distilling capacity and holdup. Best results cannot be obtained 
from any packing without proper thermal surroundings and close 
control over all distillation factors.

Figure 9 shows a complete fractionation apparatus with a 
Super-Cal type of column and vacuum-jacketed distilling flask, 
with an exact rheostat and wattmeter system for controlling and

F ig u r e  9. C o m p l e t e  H ig h - T e m p e r a t u r e  F r a c 
t io n a t in g  A p p a r a t u s  w i t h  H e l i -G r id  P a c k e d  

S u p e r -C a l  C o l u m n  a n d  V a c u u m  C o n t r o l
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centrifugal fractionators, and is now understood to be a fac
tor in low-temperature fractionation. Like the nonadiabatic 
column performance phenomena mentioned above, this un
expected advantage of interm ittent product withdrawal, so 
outstanding as to m erit the nickname “ the free-wheeling 
effect” in the author’s laboratories, still is without theoretical 
explanation.

In application to design of the Super-Cal column, the “free
wheeling effect” makes desirable as close and accurate con
trol of reflux cooling as possible, with lowest possible holdup 
in the condenser. This is contrary to the tendency displayed 
in the literature to use complicated reflux distributor heads 
of high vapor and liquid holdup.

A p p l i c a t io n  t o  H i g h - E f f i c i e n c y  L o w - T e m p e r a t u r e  
F r a c t io n a t io n . The most immediate and effective use of 
Heli-Grid packings within the Super-Cool type of low-tem
perature fractionating column (12) has been for the complete 
analysis of all the components of the cracked C< fraction of 
refinery gases, by combined high-efficiency low-temperature 
fractionation and supplementary chemical tests. The separa
tion of isobutane from isobutene, and the separation of bu- 
tene-1 from n-butane, are exceedingly difficult, and require 
both in theory and practice more than 50 theoretical plates 
and a reflux ratio higher than about 100 to 1 to obtain satis
factory separation. The wire-coil packing and its simple 
modifications, while satisfactory for the easier separations of 
hydrocarbons occurring in natural gas and gasoline (8), do not 
have sufficient fractionating power to separate components 
boiling as close together as 6° C., even a t total reflux. On the 
other hand large-diameter high-holdup packings are mani

festly not usable for the precise analysis of samples of conden
sate as small as 2  cc. of liquid.

As a m atter of fact the need for a high-efficiency low-tem- 
perature packing to make complete analysis of the cracked 
C4 fraction possible had become both urgent and serious, in
asmuch as daily analyses of this type are a practical necessity 
for the efficient operation of alkylation plants for the pro
duction of high-octane aviation gasoline stock, and in cata
lytic cracking and other modem refining processes. The devel
opment of the Heli-Grid packing was undertaken with this 
exigency in mind. A t this writing the Heli-Grid packing is 
used for complete cracked C( analysis in many alkylating and 
catalytic cracking plants in this country.

Figure 10 shows an automatic recording low-temperature 
fractionating apparatus, using Heli-Grid packed Super-Cool 
columns for the routine daily analysis of alkylate gases for 
efficient plant control. Apparatus of this type and their 
operation and performance are described elsewhere (11, 12).

When applied to fractionation of natural gas and gasoline, 
the Heli-Grid packing makes possible the sharp separation 
of isobutane from n-butane a t  distillate rates of the order of 
40 to 60 cc. of gaseous products per minute, as against ap
proximately 10 to 15 cc. per minute maximum for the single 
wire-coil packing. A similar improvement in distillate rates 
has been noted for the separation of ethylene from ethane and 
of isopentane from n-pentane.

Either the Super-Cool or Super-Cal column with Heli-Grid 
packing thus serves as a  precision microfractionating column 
testing from 50 to 100 plates, depending on operation, filling 
a need for improved high-efficiency low-temperature fraction
ating columns to meet the new analytical requirements of the 
petroleum and other industries.

A ck n ow led gm en t
Flexible glass bellows expansion joints of suitable deflection 

and mechanical characteristics for use in vacuum jackets were 
developed by Morley R. Corbett of the author’s laboratory, 
originally in collaboration with D. J. Pompeo.

The cooperation of Alfred Viergutz of the author’s labora
tory on this project has been especially helpful in the develop
ment of Heli-Grid packing.

L iterature Cited
(1) Baker, R . H., Barkenbus, Charles, and Roswell, C. A., I n d .

E n o .  Chem., A n a l .  E d .,  12, 468 (1940).
(2) Bragg, L. B., Trans. Am. Inst. Chem. Engrs., 37, 19-50 (1941).
(3) Bruun, J .  H., and Faulconer, W. B. M., In d .  E n o .  Chem., A n a l .

E d ., 9, 192 (1937).
(4) Fenske, M. R., Tongberg, C. O., and Quiggle, Dorothy, In d .

E n g . Chem., 26, 1169-213 (1934).
(5) Huffman, J. R., and Urey, H. C., Ibid., 29, 531 (1937).
(6) Lecky, H. S ., and Ewell, R. H., I n d .  E n o .  Chem., A n a l .  E d.,

12, 544 (1940).
(7) Morey, G. W., “Properties of Glass”, A. C. S. Monograph 77,

New York, Reinhold Publishing Corp., 1938.
(8) Podbielniak, W. J., Ind . E no. Chem ., Anal . E d ., 3, 177 (1931).
(9) Ibid., 5, 119 (1933).

(10) Ibid., 5, 135 (1933).
(11) Ibid., 5, 172 (1933).
(12) Ibid., in press.
(13) Rose and Welshans, I n d .  E n o .  Chem ., 32, 668 (1940).
(14) Selker, M. L., Burk, R. E., and Lankclma, H. P., Ind. E no.

Chem., A n a l .  E d ., 12, 352 (1940).
(15) Smoker, E . H., Trans. Am. Inst. Chem. Engrs., 34, 165-72

(1938)
(16) Stedman, In d .  E n o .  Chem., A n a l .  E d ., 11, 283-7 (1939).
(17) Tongberg, C. O., Lawroski, S., and Fenske, M. R., In d .  E n o .

Chem., 29. 957 (1937).
(18) Whitmore, F . C., el al„ J . Am. Chem. Soc., 62, 795 (1940).

P b e s e k te d  before the Division of Petroleum  Chem istry a t the  101st M eet
ing of the American Chemical Society, St. Louis. Mo. This paper is the 
fifth of a series of which four have been published (S, 9. 10, 11) and 
another is in press.



Multiple Electrode System for Potentiom etrie 
Titration Studies

F OR the practical application of 
potentiometric titration methods 

to  industrial analyses, it is highly 
desirable to  select with care the 
electrodes to be used in following 
the course of the reaction.

A relatively large change in poten
tial with a small change in concentra
tion should occur in the vicinity of 
the equivalence point; up to the 
vicinity of the equivalence point the 
potential difference between the elec
trodes should remain relatively con
stant; the indicator electrode should 
reach equilibrium rapidly, so that the 
course of the reaction may be followed 
closely; and the electrodes used should 
not be subject to poisoning nor be at
tacked by the solution during the 
titration.

In  investigating practical applications of potentiometric 
procedures in this laboratory it has been found expedient 
to make use of a flexible multielectrode system with which 
it  is possible to determine the optimum system to  be used

A piece of Pyrex glass tubing usually sufficed for the mold. The 
rod was then machined to the shape indicated in Figure 1 and 
sealed into a piece of glass tubing (7 mm. in outside diameter, 
12 cm. long, ends ground) with Sauereisen cement No. 31. The 
copper wire lead was soldered to a brass insert, sealed to the op
posite end of the tube with Pyseal cement, a 15-cm. length of 
push-back wire was in turn soldered to the brass insert, and a pin 
tip was connected. For metals which could not be cast (plati
num, tantalum) a short length of pure wire was welded to the 
copper lead and then sealed into the glass tube as above. If 
possible, the wire electrode was coiled to expose greater surface. 
The machined electrodes were highly polished. A 1-cm. length 
of 0.47 cm. (0.19-inch) bore Scimatco rubber tubing was cut and 
slipped onto the glass tube as shown, so that a standard 11 X 
75 mm. test tube could be slipped over the end of the electrode 
tip and kept in place by the rubber tubing. With the test tube 
in place an electrode may be shielded from contact with cor
rosive solutions. Solutions for preservation or cleaning of any 
electrode may be placed in the test tube and the electrode stored 
in favorable media when not in use without removing it from the 
electrode support.

E lectrode Support
The electrodes were mounted in a Bakelite board cut and drilled 

as indicated in Figure 2. They were arranged on the periphery 
of a circle 7 cm. in diameter, so that with all electrodes and their 
shielding test tubes in place a 600-ml. beaker in which titrations
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for any specific determination under the exact conditions 
obtaining.

The present setup includes one reference electrode (calomel 
or silver chloride electrode as desired) and eighteen indicator 
electrodes.

E lectrodes U sed
The calomel and glass electrodes used are standard Beckman 

type electrodes with the leads modified to fit in with the rest of 
the wiring. The remaining electrodes (Figure 1) were prepared 
in several ways, determined largely by the physical limitations 
of the materials.

When possible (antimony, bismuth) the pure or purified metal 
was cast into a cylindrical rod (about 1 cm. in diameter, 5  cm. 
long) with a piece of copper wire (for lead) imbedded in one end.



may be conducted could be raised to surround them. Provision 
is also made in the Bakelite board for an all-glass stirrer and 
modified buret tip (Figure 3). In mounting the electrodes in the 
Bakelite board a 0.62-cm. (0.25-inch) hole was drilled through, 
then beveled to 0.94 cm. (0.375 inch) on the upper side. The 
electrode was inserted so that the top of the brass insert pro
jected through the board and sealed in place by filling the beveled 
region around the glass with Pyseal. The electrodes are thus 
held firmly but may easily be removed by warming the cement 
with a hot file or small soldering iron.

E lectrode A ssem bly
Two Centralab 23 position selector switches were mounted on 

the front panel and the common terminal of each was connected 
to individual insulated jacks (one red, one black, Figure 3) 
through a double-pole double-throw toggle switch. A series of 
jacks (taking phone tips) was then mounted on the electrode 
support (20 in this particular instance) and each jack was con
nected to the same position on both switches. Thus when the 
antimony electrode was installed the tip from the antimony 
lead was inserted in jack No. 2 and the latter in turn connected 
to position 2 on switches A and B  (Figure 3). The calomel elec
trode was plugged to jack No. 5 and the latter connected to 
position 5 on switches A  and B. The electrode leads from the 
titrimeter used were plugged into the red and black jacks on the 
front panel.

Thus, with the electrodes immersed in the solution to be 
studied, by setting switch A  to position 2 and B  to 5, with the 
toggle switch in the up position, the antimony electrode is con
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nected to the red jack and the calomel to the black jack (and in 
turn to the titrimeter). Flipping the toggle to the down posi
tion immediately reverses the polarity, connecting the antimony 
electrode to the black and the calomel to the red plug. Reversal 
of polarity could be obtained, of course, by leaving the toggle 
in the up position and turning switch A to 5 and B to 2. With 
this flexible arrangement any pair of electrodes could be used 
and the polarity with respect to the titrimeter reversed at will. 
By including a standard reference electrode (calomel half-cell) 
comparative studies are simplified.

A glass electrode was included for ease in adjustment of solution 
pH. For example, the effect of acid concentration on a reaction 
may be investigated by connecting the glass and calomel elec
trodes to the titrimeter, adding acid from a buret until the de
sired pH is attained, connecting the desired indicator electrode 
(or electrodes) to the titrimeter by readjustment of switches A 
and B, and titrating with the standard reagent solution. At 
any point during the titration the initial electrodes may be re
connected to the titrimeter by adjustment of A and B and the 
pH checked rapidly.

A list of the electrodes used, with their position on selectors 
A  and B, is mounted on the front panel for convenience. 
The nature of the electrodes to be used for any one study 
depends upon the reaction to be investigated. W ith this 
setup the best electrode pair for titration of any solution, 
following the five considerations outlined above, may be 
readily and quickly determined.
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A Shaping Lathe for Graphite Electrodes Used in 
Spectrochemical Analysis

K .  R . M AJO RS A N D  T . II. HOPPER  

U. S. R egional Soyb ean  In d u str ia l P rod u cts L aboratory, U rb an a , 111.

L athe H ead
A motor-driven shaping bit mounted horizontally, and an 

enclosure for guarding the cutting end of the bit and collecting 
the graphite trimmings, are the main elements of the lathe 
head (Figures 1 and 2). The outer section of the shaping bit 
(T, Figure 2) forms the shaft of the rotating part and turns in 
two snugly fitting dustproof ball bearings (BB, Figure 2). A 

pulley wheel locked to this shaft between and in 
contact with the two bearings prevents thrust 
play in the shaping bit. The support for bear
ings and shaft is fastened securely to the main 
base plate.

A shallow cylindrical housing encloses the 
cutting end of the bit. A section of the under
side cut away allows heavier graphite trimmings 
to drop into a removable bin {B, Figure 1). 
Lighter graphite dust is removed by suction 
through a tube fastened in the cylinder top. If 
the type of shaping or trimming operation does 
not produce large graphite chips or shells, the 
bin and bin enclosure can be omitted and the 
suction port placed on the underside of the 
cylindrical housing. The vacuum system will 
keep graphite dust from collecting.

A removable flanged disk (D, Figure 1), with 
a central opening, fits into the open end of the 
cylindrical housing. The central opening, while 
large enough to allow the entrance of the largest 
diameter electrode used, permits neither the 
operator’s fingers nor the electrode carrier to 
come in contact with the rotating bit.

E lectrode F eed ing  A ssem bly
The slide trough (ST, Figure 1) for carrying 

the electrode, the guide trough (GT, Figure 1) 
fastened to a vertical plate, and a slotted metal 
block (BL, Figure 1) make up the electrode feeding

T HE need for a rapid and convenient means of shaping 
graphite electrodes for use in spectrochemical analysis 

of plant ash led to  the design and construction of a small 
portable shaping lathe. This consists of two essential units, 
a lathe head and an electrode feeding assembly, securely held 
in proper relative position on a base plate.
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assembly. The sliding trough has the end away from the lathe 
head closed by a metal block. By means of knurled screws 
(KS, Figure 1) the vertical plate of the guide trough is clamped 
against an inner wall of the slotted block in such a manner that 
the line formed by the angle of the trough lies parallel and 
directly below an extension of the shaping bit axis. This forms 
a rigid guide for the slide trough. The contacting surfaces of the 
two troughs are machined true to prevent rocking or side play.

The flat plate holding the slotted block is fastened to the main 
base plate a t each comer by steel screws. The screw holes in the 
upper plate are slotted at right angles to the shaping bit axis to 
allow sufficient lateral alignment of the guide trough. This 
lateral adjustment should be required only when the lathe is first 
assembled.

The vertical adjustment of the guide trough, necessary when
ever the diameter of the electrode material is changed, is made by 
movement of the steel elevator screws (BS, Figures 1 and 2) 
located in each end of the vertical plate. Accidental alterations 
in screw settings are prevented by brass setscrews (LS, Figure 1). 
The length of the elevator screws determines the maximum and 
minimum electrode diameters which can be centered on the 
shaping bit axis.

The completed lathe assembly, a 0.05-horsepower motor which 
drives the shaping bit a t about 1700 r. p. m., and a control switch 
are mounted on a wooden base.

A water aspirator supplies sufficient vacuum to collect the fine

ijraphite dust. To prevent graphite from clogging the vacuum 
ine or aspirator, a trap located on the wooden base near the lathe 

head is provided.

S h ap in g  T ools

A variety of sizes and designs of shaping tools can be 
interchanged readily in the lathe described. Size and design 
are limited only by inside diameters of the pulley wheel and 
bearings, and dimensions of the cylindrical housing enclosing 
the bit end. Shaping bits and drills with diameters smaller 
than the maximum fixed by pulley and bearings can be ac
commodated by using sleeves or holders as adapters.

The shaping bit used in this laboratory was made according to 
the design and dimensions described by Myers and Brunstetter 
(2) for forming shallow, thin-walled craters in 0.31-inch graphite 
electrodes. In using this shaping bit in the shaping lathe, the 
blunt end of the inner drill (CB, Figure 2) is made to extend be
yond the blunt end of the outer trimmer (2’, Figure 2). By 
changing the length of the shaft which protrudes, craters of vary
ing depths can be made.

Certain fixed depths of craters are obtained 
by using gages to set the position of the shaft. 
The gages are short pieces of 0.375-inch brass 
rod, each of which has a hole of appropriate 
depth drilled in one end. The holes permit pass
ing the gages over the blunt end of the inner 
drill, but not over the end of the outer trimmer. 
The inner drill, released by turning setscrew 
SS  (Figure 2) which extends through the pulley 
collar and outer trimmer, is seated into the outer 
trimmer as far as the specific gage permits.

To point the upper electrodes, a special bit 
(PB, Figure 2) is used which is interchanged 
with the inner drill of the shaping tool used for 
cupping electrodes. I t  is set into correct posi
tion by the use of a gage similar to ones just 
described.

The Chemistry Department of the University 
of Illinois has made further variations in shaping 
tools used with a copy of this lathe. For spec
trochemical work done there, a facing tool and 
two small-diameter drills are required. Types 
of electrodes produced are described in an ac
count of the spectrochemical technique used by 
Keirs and Enghs (/).

O peration
For the shaping operation, the electrode is 

placed in the carrier with one end extending 
about 0.75 inch beyond the end of the sliding 
trough. The other electrode end lies against 
the closed end of the trough. While the elec
trode is being held down firmly in the trough 
by manual pressure, the carrier is moved slowly 

into the shaping bit by means of the knurled knob. The slide 
is drawn directly back to remove the shaped electrode from the 
cylindrical housing. Electrodes of shorter length can be ac
commodated by using spacers placed between the electrode and 
the closed end of the trough. Electrode material cut into ap
propriate lengths is suitable for this purpose.

Frequent rim breakage of the cupped electrodes during the 
shaping operation can be traced to several possible causes, such 
as the guide trough not in proper alignment, shaping bits which 
are not machined true, dull cutting edges, and low bit speeds. 
According to Myers and Brunstetter, bit speeds below 1300 
r. p. m. cause excessive breakage.

The principal features of the lathe are the speed, accuracy, 
and convenience with which electrodes m ay be shaped. 
E ight or twelve cupped electrodes may be prepared per 
minute. Speed has been increased by omitting the operations 
of clamping and unclamping electrodes in a chuck or other 
similar device.

Accidental contamination of cutting surfaces of the shaping 
tools by dust or indiscriminate handling is prevented by the 
cylindrical housing. I t  is possible, therefore, to keep the 
shaping lathe on the bench where samples for spectrochemical 
analysis are prepared. Since the tool is not adapted to 
other sundry uses, contamination from miscellaneous usage is 
avoided.

W ith the lathe immediately accessible, and because its 
manipulation is not difficult, there is no necessity for prepar
ing a  large number of electrodes a t one time and storing them 
for future use. The danger of rim breakage or contamination 
which often accompanies storage is eliminated by shaping 
only enough electrodes for immediate use.
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An Apparatus for High-Speed Stirring
Effect o f Flask Design and Some Other Factors on Stirring

AVERY A. M ORTON AND DONALD M . K NO TT  
M a ssa ch u setts  In s t itu te  o f  T ech n o logy , C am bridge, M ass.

S TIR R IN G  is one of the most common practices in the 
laboratory and is indispensable for many reactions. 

Its benefits increase (1, 2, 8) as the velocity increases: Some 
reactions indeed occur to an appreciable extent only when 
the velocity becomes very great (4, 5). In  spite of the mani
fold uses to which stirring has long been put and the obvious 
advantages of high speed and efficiency, there has been only 
one apparatus (4) designed for operations a t 10,000 r. p. m., 
of such construction as to be unsuitable for eveiyday labora
tory use, and little, if any, serious study has been devoted to 
factors such as flask shape, stirrer design, etc., requisite for 
maximum effectiveness. Possibly the complexity of a sub
ject in which an unusually large number of variables exists 
has deterred many would-be investigators, but the likelihood 
of greatly improving the yields for many known reactions 
and of discovering new reactions warrants a real effort to 
acquire knowledge of ideal conditions in an old art.

This paper gives directions for constructing a laboratory 
stirring apparatus which can operate a t speeds near 11,000 
r. p. m., yet is so simple th a t it can be mounted on an ordinary 
ring stand. Results of some studies on the type of flask suit
able with stirrers of the propeller type a t relatively high speeds 
are recorded. A simple method for comparing relative effi
ciencies of flasks, stirrers, and other factors has been devel
oped. I t  is shown conclusively tha t a change in flask design 
has a direct bearing on efficiency of stirring and tha t the best 
flask is one from which swirling, obstructions, and pockets arc 
largely eliminated.

H igh -S p eed  Stirring A pparatus
The apparatus consists of a motor mounted with its shaft in a 

vertical position, a stirrer of the propeller type supported in ball
bearing assemblies, and a flask. In all the experiments reported 
in this paper, a 0.04-horsepower series-wound ball-bearing motor 
(G. E.) with rated speed at 10,000 r. p. m. was used. I t is bolted 
to a 0.94-cm. (0.376-inch) steel block into the center of which a
1.25-cm. (0.5-inch) steel rod is screwed, so that the motor is sup
ported from an ordinary clamp fastener. This motor is satisfac
tory for many ordinary uses but lacks power to stir some mix
tures at the highest speeds.

The equipment has since been supplemented by addition of a 
0.25-horsepower series-wound ball-bearing motor also with a 
rated speed of 10,000 r. p. m., and mounted similarly on a 1.25- 
cm. (0.5-inch) steel block but supported by two instead of one 
rod and clamp device (Figure 1). The total weight of the large 
motor, block, and rods is about 3.7 kg. (10 pounds). The last 
unit is recommended for general use, since it is sufficiently power
ful to stir a t high speeds nearly all mixtures met in laboratory 
practice.

The propeller shaft is a 0.6-cm. (0.25-inch) stainless (18-8 
alloy) steel rod 37.5 cm. (15 inches) long, supported by two short 
sections of pressure tubing (3) in two ball-bearing assemblies 
(about 2.2 cm., 0.875 inch, m outside diameter) which are placed 
about 15 cm. (6 inches) apart. The end-to-end contact between 
propeller shaft and motor shaft is closed by a short length of 
pressure tubing which is slipped over each end and held by a 
couple of turns of wire. Perfect alignment of motor and pro
peller shaft is not required in this arrangement.

A holder for the ball-bearing assemblies is made from two 
17.5-cm. (7-inch) lengths of angle iron, the larger one 3.75 cm. 
(1.5 inches), and the smaller one 2.5 cm. (1 inch), held together 
tightly (Figure 1) by four machine bolts passed through both 
pieces. A little milling was necessary on the smaller angle iron 
in order to make it fit tightly against the ball-bearing assembly, 
fwo sections of 1.25-cm. (0.5-inch) iron rod are tapped into the 
larger angle iron to support the holder in two clamp fasteners.

The propeller is made from a 5-cm. (2-inch) square piece of 
stainless sheet steel, No. 18 gage. A 0.3-cm. (0.125-inch) hole is 
first drilled in the center. The 0.6-cm. (0.25-inch) shaft is then 
turned down to 0.3-cm. (0.125-inch) diameter for a distance of 
0.3 cm. (0.125 inch) at one end. The rod is next fitted into the 
hole and the two are riveted together by a few good blows with a 
hammer while the rod is held upright in a vise. This attachment 
is firm enough to permit mounting the shaft in a lathe and cutting 
the head to a diameter (slightly less than 2.5 cm., 1 inch) which 
will just pass through the neck of the flask. The disk is then 
slotted radially as many times as desired with a hacksaw and the 
segments are twisted at an angle of 45° to the shaft.

A completed assembly is shown in Figure 1. The apparatus 
runs smoothly and without appreciable vibration. The base of 
the ring stand can be anchored to the desk with screws or C- 
clamps, but this precaution is usually unnecessary. The noise 
is not unduly great, considering the high speeds involved.

The apparatus is operated with a variable transformer of 5- 
ampere capacity in series with the motor. The revolution rate 
is measured by a stroboscope (Strobotac) whose light is fixed on 
a marked metal disk attached to the shaft.

The small motor becomes very hot, particularly on long runs, 
but a blast of air directed into an opening on the underside cools 
it effectively. A cotton filter on the air line is usually required 
to remove crease.

At speeds of 10,000 r. p. m. some liquid may be forced out 
through the glass bearing unless it is fitted very well. In later 
work the authors were greatly indebted to Mr. Davidson for his 
suggestion of a very effective but simple rubber seal. A section of 
rubber tubing, 0.6 cm. (0.25 inch) in outside diameter by 0.94 cm. 
(0.375 inch) long, is pushed over the lower end of the glass bear
ing until the overhanging end of the rubber rests lightly on the 
propeller shaft. In this way the escaping liquid presses against 
the rubber and seals it more tightly. Another solution of this 
problem is to sink the neck far enough in the top of the flask to
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make a ring seal that directs the liquid downward. This method 
is very satisfactory, although the effectiveness of the flask as a 
vehicle for stirring appears to be reduced considerably.

Metal instead of glass propellers are used because the latter are 
considered dangerous at high speeds. There have been several 
instances in this laboratory, however, when glass has been used 
at 5000 r. p. m. and even higher. The glass stirrer was usually 
constructed from 0.6-cm. (0.25-inch) or larger glass rod. In 
general, its use is not recommended unless necessary to avoid cor
rosion and then only with adequate safeguards to avoid injury if 
a section of the glass breaks and goes through the flask.

The apparatus as a  whole is exceedingly convenient and 
easily constructed. I t  is a decided simplification over the 
one previously described (4) which included a substantial iron 
pipe framework, numerous pulleys and belts, and a special lo
cation.

F lask  D esign  and O ther Factors

T he performance of this apparatus, using a stirrer of the 
propeller type, was observed in several series of experiments 
in which the type of flask, number of propeller segments, 
position of propeller, and a few other variables were studied. 
M ajor interest centered in the design of the flask. A special 
flask having deep vertical creases (6 , 7) has been responsible 
for a considerable increase in yield in many reactions and, 
in one case (7), for eliminating altogether a certain product 
which was obtained in an ordinary flask.

The comparative efficiency of this special flask over the com
mon one in mixing air and water can be observed visually in Fig
ures 2 and 3, taken with an Edgerton high-speed flash lamp, with 
exposure of Vso.ooo second. In both pictures, the propeller was 
moving at 11,000 r. p. m. All conditions were identical save for 
the type of flask used. In Figure 2 the characteristic swirling 
and vortex are plainly visible. Beneath the propeller is a rela
tively quiet place in which little mixing occurs. The two bright 
spots on either side of the flask are due to reflections from the 
photographic lamp. The little ring on the propeller shaft above

the liquid surface is composed of drops of liquid which have 
fallen on or climbed up the shaft. Figure 3 shows the effect in the 
creased flask. Uniform mixing is secured. The positions of the 
creases are shown by the reflections as bright lines of the edges. 
The circular spot a little below the neck is the roughened place 
for pencil marking present on all commercial flasks.

In  addition to this visual evidence, it was found th a t the 
oxidation of toluene by permanganate a t  10,750 r. p. m. for 
30 minutes in the ordinary flask was so slight as to produce no 
temperature rise over the 1.6° C. due to mechanical agita
tion. W ith a creased flask other factors being constant, a 
total temperature rise of 12.3° was noted, of which 7° was 
the result of chemical heat.

The unusual successes which have attended use of this 
creased flask warranted study of the effect of additional varia
tions from this type. The four varieties considered in this 
study are labeled a s :

0  An ordinary 3-necked flask with four vertical creases
S  Same as 0  but with powdered glass sintered to the bottom 

in order to act as an abrasive
1 Same as 0  but with the bottom pushed inward about 2.5 cm.

(1 inch) in the form of an inverted funnel which is about 
4.4 cm. (1.75 inches) in diameter at the bottom 

P  Same as 0  but with the bottom pushed outward in the con
ventional pear shape

The 0 , 1, and P  flasks are pictured in Figure 4. All were 
made from commercial 500-ml. 3-necked Pyrex flasks. Four 
vertical creases were made in each to a depth of about 2.5 
cm. (1 inch) a t  the deepest point. Save for the four distinc
tions made above, construction of each was as nearly identical 
as could be accomplished by a competent glass blower. A 
large Thiele tube was also used as a flask in a few experiments.

M easu rem en t o f  E fficiency

Efficiency was judged on the basis of the temperature rise, 
starting from room temperature, with the vessel shielded by
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an insulated can. The reaction was the permanganate oxi
dation of toluene (at 10,750 r. p.m .) or xylene (at 6000 r. p.m .) 
over a 30-minute period. P art of the total temperature rise 
is due to the mechanical effect of stirring, so tha t an independ
ent experiment, identical save for the absence of permanga
nate, was necessary. The respective areas on a time-tem- 
perature graph were then estimated. Numerical values for 
chemical and mechanical heats used in all graphs in this 
paper are merely these areas which are proportional to the 
true heat units. The total temperature increase was as 
much as 27° C. in the studies a t 10,750 r. p. m.

This method has the great advantage of rapidity, so that 
a large number of observations can be made of many factors. 
Interpretation of data, however, is subject to the criticism 
that production of mechanical heat will automatically increase 
the total chemical heat according to the general expectation 
that a chemical reaction is doubled for every 10° temperature 
increment. Fortunately any such effect is negligible com
pared with the greater influence which the flask exerts on the 
efficiency of agitation.

E ffect o f  V ariables

Figure 5 pictures the ratio of chemical to mechanical heat 
plotted against mechanical heat for a study of the oxidation 
of 25 ml. of toluene by 2 grams of potassium permanganate 
in 300 ml. of water a t 10,750 r. p. m.

The propeller was, in all cases, placed 2.5 cm. 
(1 inch) above the bottom of the flask. For 
the I  flask, the bottom was taken to be the flat 
top of the conical indentation. The positions on 
the graph marked I-4, S-6, P-8, etc., refer to 
the test made on the I  flask using the propeller 
with four segments, that in the S  flask with 
the propeller having six segments, and that in 
the P  flask with a propeller having eight sec
tions. Lines have been drawn between points 
representing different flasks in which comparable 
conditions were present—for example, 0-4, 5-4, 
1-4, and P-A are connected.

Points to the upper left represent high 
efficiency, a high chemical effect with a 
minimum of mechanical energy expended; 
while points to the lower right represent low 
efficiency, small chemical heat in spite of a 
relatively large mechanical effort. The re
sults show clearly tha t in every series the I  
flask was superior. With one exception the 

pear-shape flask, P, was the most ineffective of the lot.
Lines could also have been drawn between points repre

senting different propellers for otherwise comparable condi
tions—e. g., 7-4, 7-6, and 7-8. In such a comparison the 
eight-bladed propeller gave poor results, although in every 
series but one it produced the largest mechanical heat. The 
performances of the four- and six-bladed stirrers were in gen
eral very good. If a line be drawn diagonally towards the 
northeast, so as to separate the six best from the six worst 
conditions, the 7 flask and the four-bladed propeller are rep
resented three times each among the better group. These re
sults are contrasted with the occurrence of the P  flask (twice) 
and the 8-bladed propeller (three times) in the poorer half. 
The single occurrence of the eight-bladed propeller among the 
better group can be attributed to  its being used with the best 
flask; likewise the single appearance of the four-bladed pro
peller with the poorer group can be explained on the ground 
tha t it was used with the poorest (P) flask. The results are 
in general striking, particularly in view of the later discovery 
(Figure 6) tha t the position of the stirrer a t 2.5 cm. (I inch) 
from the bottom was far from ideal.

Figure 7 shows a parallel study a t 6000 r. p. m. of the oxida
tion of 25 ml. of xylene by 16 grams of potassium permanga
nate with 4 grams of sodium hydroxide in 300 ml. of water, 
y h e  position of the propeller was again 2.5 cm. (1 inch) from 
the bottom. This figure exhibits the clear superiority of the
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four-bladed propeller with every flask tried— (for example, 
compare 1-4,1-6, and 1-8 or S-4, S-6, and S-8) and the pro
nounced difference between the I  and P  flasks with this best 
(No. 4) stirrer. The series with the six-bladed propeller 
shows also a marked difference between these two flasks 
(7-6 and P-6) bu t the superiority of I  over 0  and 5  is not so 
evident. I t  should be remembered, however, th a t the posi
tion of the stirrer in this set of experiments is not ideal for re
vealing any superior qualities present. Indeed, when the pro
peller is moved to a position 1.25 cm. (0.5 inch) from the 
bottom (Figure 6) other conditions being the same, the results 
with the six-bladed propeller confirm in every respect the de
cided superiority of the I  flask over the three other types.
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The erratic results (Figure 7) with the stirrer having eight 
segments are attributed both to its general ineffectiveness 
and unfavorable position. The mechanical heat generated 
by this stirrer, however, is 50 to 100 per cent larger than tha t 
realized by the four-bladed one.

Figure 6 depicts the effect of varying the position of the 
propeller with six segments a t  6000 r. p. m. The same mix
ture was used as in the preceding test a t  this velocity. The 
results are decisive. The pear-shaped flask was, in all cases, 
the poorest of the lot. The position of the stirrer had little 
bearing on its effectiveness. The I  flask, on the other 
hand, was the best in two out of three cases and not 
appreciably inferior in the third. The position of the 
stirrer had an immense effect on efficiency. When 
correctly placed 1.25 cm. (0.5 inch) above the bottom, 
a decided superiority resulted. In  the light of this 
sensitiveness to position, the good showing of the I  
flask, in Figures 5 and 7, is all the more surprising.

The general improvement noted in the flask having 
the inverted bottom was confirmed by constructing 
two more of th a t general pattern bu t with slight 
modification. One had two deep intersecting creases 
across the bottom spaced between the creases in the 
side. The other had a number of Vigreux indenta
tions in the lower half, the purpose of which was to 
promote more mixing by having the currents flow in 
and around the projections. Both innovations re
sulted, however, in some reduction in efficiency of the 
I  flask, although still retaining a superiority over flasks 
O, *S, and P. Even minor obstructions such as Vigreux 
points interfered with the proper functioning of the flask.

A further attem pt to direct the flow of liquid inside the 
flask was made with the flask of the I  type having its neck 
sunken so th a t the liquid would be forced down toward the 
propeller. For some reason not yet apparent, this innova
tion reduced the efficiency to a point where it  was not much 
better than the pear-shaped flask. The change, however, 
did eliminate collection of liquid in the neck and any splash
ing through the stopper which sometimes occurred a t the 
highest speeds.

A Thiele tube flask (from 3.4-cm., 1.375-inch, tubing) 
was also tested with the three propellers a t 6000 r. p. m., using 
the same mixture and the same amounts employed for the 
creased flasks a t tha t velocity. The volume of the tube was 
such as to be just filled by the mixture. Figure 8 shows that 
the mechanical input was considerably larger than before, 
the lowest value of 36 units in this series being near the high
est value of 39 in Figure 7. So great was the power required 
to stir the mixture in this apparatus th a t i t  was impossible to 
attain  a velocity higher than 7620 r. p. m. with the small 
motor used in all these tests. This series was designed to 
test the effect of introducing a screen, supported a t  a level 
0.6-cm. (0.25 inch) below the propeller, which would break 
the current into small particles. A 16-mesh screen proved 
of little value, bu t one of 100-mesh showed a definite improve
ment. The propeller with four blades was again generally 
superior.

In terp reta tio n  o f  R esu lts

As far as can be judged from this beginning study of a 
complicated problem, the following opinions may be ven
tured:

A. The role of the container in stirring appears to be that of 
furnishing a surface for rapid transfer of liquid away from and 
to a position above the propeller. In the ordinary round flask, 
the liquid swirls around the outside wall. The propeller throws 
the mixture outward and keeps it rotating but does not effec
tively mix the components. The creased flask directs the liquid 
flow upward, from whence it falls again upon the stirrer to be 
hurled once more in fast-moving currents from the propeller.

The additional superiority of a creased flask with an indented 
bottom is due to the further facilitation of movement of liquid 
within the flask. The effect is similar to that of streamlining. 
The pocket immediately below the propeller where liquid can 
collect and escape mixing is eliminated.

The poor results with the pear-shaped flask come from inter
ference of the movement of the liquid. The propeller chums the 
liquid at the bottom, does a great deal of mechanical work in try
ing to force the liquid around an unnatural and difficult path, and 
is unable to perform its proper function of mixing because the 
flow of liquid is impeded.
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B. The role of the propeller can be to generate fast-moving 
currents of liquid through the mixture. A propeller with a large 
number of blades operating at high speed might conceivably cut 
the liquid into many parts and accomplish a degree of mixing. 
Each segment, however, needs enough surface to serve aa a good 
driver. The general ineffectiveness of the eight-bladed propeller 
at 6000 and 10,750 r. p. m. was pronounced. The mechanical 
heat generated by its use was in nearly every instance the greatest 
(sometimes by 50 to 100 per cent) of the three, yet it appeared to 
whirl around in a generally ineffective manner. The propeller 
with four blades gives a satisfactory performance. Even a good 
propeller, however, cannot translate a large amount of the energy 
it receives into useful work unless it is properly placed in a cor
rectly designed container. Such principles might well be of prac
tical importance in large-scale apparatus.

C. Impediments, whether points on the inner surface of the 
flask or walls to constrict the flow, result in a reduction in effi
ciency. A very fine screen which subdivides the liquid into small 
particles assists the reaction, but the energy required to operate 
a stirring apparatus of that type is very much greater and the 
ratio of chemical to mechanical heat is less than in a properly 
designed flask.
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Potentiometrie Titration Stand Assembly
LO UIS LYK K EN AND F . B . R O L FSO N , S h ell D ev elo p m en t C om p any, E m eryville , C alif.

T HE use of electrometric titration methods has slowly be
come a common laboratory practice. Although poten- 

tiometric titrations have long been used by academic workers 
for special determinations, this type of analysis has found 
only limited application in many industrial laboratories be
cause the apparatus has had to be assembled largely from 
miscellaneous parts a t  hand. Generally, this resulted in a 
cumbersome assembly which was inconvenient and unwieldy 
to use in routine determinations. Also, experience has shown 
that the use of loosely assembled equipment requires tha t a 
considerable part of the operator’s time be spent in mainte
nance.

In designing the assembly described here, every effort was 
made to produce a titration stand which could be used for 
routine as well as special determinations. I t  was recognized 
that a satisfactory assembly must be as easy to use as the 
ordinary apparatus required for indicator titrations. The 
buret clamp, stirring motor, beaker cover, and electrode sup
port have been semipermanently attached to the vertical sup
porting rod. The table supporting the titration beaker has 
been designed to be the only easily movable part on the stand. 
The buret may be readily removed from its support and the 
electrodes may be conveniently removed and replaced.

During two years of continued use a t Emeryville, five such 
titration stands have been found satisfactory and convenient 
for routine titrations. They are durable, are easy to  main
tain, are simple to operate, have a neat appearance and, al
though unitized into compact units, are sufficiently flexible for 
most electrometric titrations.

A pparatus
A photograph of one form of the assembly is given in Figure 1 

and some details of construction are shown in Figures 2 to 4. The 
customary “universal” clamps have been replaced by metal con- 
nector-blocks containing holes of appropriate size and headless 
Bristo setscrews. No attempt has been made to use the same 
connector-block for all purposes. A modified thermometer clamp 
replaces the customary buret holder or clamp. A thick piece of 
polished Bakelite is used as a combination electrode support, 
beaker cover, and buret-tip support. The titration vessel, which 
is a 250-ml. tall-form electrolytic-type beaker, is supported on a 
Bakelite table attached to a friction clamp. The glass; propeller- 
type stirrer is supported and operated by a small vanable-speed

motor; the Eastern Engineering Company variable-speed stirrer, 
Model 1, has proved satisfactory. The motor and rheostat are 
conveniently mounted on the same support, as shown in Figure 
3 (left).

Pencil- or stick-type electrodes are used throughout; whenever 
a salt bridge is used, contact is made with the titration medium 
through a ground-glass joint. The durable, permanent Beckman 
glass and calomel electrodes, manufactured by the National Tech
nical Laboratories, have been found ideally suited for use in the 
titration assembly. For convenience, metallic electrodes—i. e., 
silver, platinum, and tungsten—have been mounted, as shown in 
Figure 2 (left), so as to be easily interchanged with the Beckman 
electrodes.

F ig u r e  1. T it r a t io n * A s s e m b l y  P r e p a r e d  f o r  N e u t r a l i
z a t io n  T it r a t io n s

Beckman Model O electronic voltm eter and Beckman glass and calomell 
electrodes
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The assembly is made on any 1.25-cm. (0.5-inch) ringstand rod. 
The various metal parts are made of brass and subsequently 
chromium-plated. This plating has proved satisfactory as a pro
tection against attack by the laboratory fumes and affords a dur
able. neat finish.

The apparatus may be readily adapted to semimicrotitrations, 
of 5- to 10-ml. initial volume of solution, by changing the Bakelite 
electrode support disk and using a special titration cell in place 
of the tall-form beaker. The Bakelite disk of Figure 3 (right) is 
replaced by the one shown in Figure 4 Oeft), in which the holes
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are brought closer together. The modified disk has a small raised 
portion, 33 mm. in diameter, on the underside. The special ti
tration cell is made from Pyrex glass tubing 34 mm. in inside 
diameter; it is sealed off flat at one end and is cut to give an in
ternal length equal to 11.2 cm. The blades on the glass propeller 
stirrer are ground down to be 12 to 13 mm. in diameter. The 
regular Beckman electrodes and stirrer are adjusted so that they 
almost touch the bottom of the special cell when the latter is in 
position on the stand. The buret is made with a 15-cm. (6-inch) 
tip that has a 10- to 15-mm. offset about 12 cm. from the end tip.
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Magnetic Stirrer for Use in the Cup Type 
o f Moisture-Transfusion Apparatus

H ORACE K . B U R R  AND AL FR E D  J . STAM M , F o rest P ro d u cts  L aboratory, M a d iso n , W is.

T HE cup type of moisture-transfusion apparatus is the 
chief means used for determining the passage of moisture 

under a relative humidity gradient through paper, impreg
nated paper, film material such as cellophane, and thin sec
tions of wood.

Water, an aqueous solution of sulfuric acid, or a saturated 
salt solution in equilibrium with a specific relative humidity is 
poured into the bottom of a cup. The membrane material to 
be studied is sealed across the top of the cup. The cup is then 
weighed and the loss or gain in weight with time determined when 
the cup is exposed to a lower or higher relative humidity than 
that set up within the cup.

This simple technique is subject to one serious source of 
error, especially for relatively permeable membranes— 
namely, vapor is not supplied to the lower surface of the 
membrane as rapidly as it can pass through the membrane, 
and moisture is not removed from the upper surface of the 
membrane as rapidly as it passes through the membrane.

F ig u r e  1 . I n t e r n a l  S t ir r e r  f o b  a  C u p - T y p e  
M o is t u r e  T r a n s f u s io n  A p p a r a t u s

Part of the relative humidity gradient thus occurs through 
the air on each side of the membrane. This situation can be 
readily corrected on the outer surface of the membrane, when 
humidity rooms or chambers are used, by blowing air across 
the surface with an electric fan, or rapidly passing air over 
the surface from a humidification train.

The device shown in Figure 1 was designed to correct this 
same difficulty within the cup. I t does not interfere with mak
ing a vapor-tight seal of the membrane. I t permits easy re
moval of the cups for weighing and does not increase the weight 
of the cups sufficiently to decrease the accuracy of weighing. I t 
consists of four horizontally mounted pulleys. Pulleys 1, 2, and 
3 serve as the supports for three moisture-transfusion cups, in 
this case glass crystallizing dishes, which are slightly smaller in 
diameter than the pulleys. The cups may be clipped to the 
pulleys so as to be readily removable. The three pulleys are ro
tated by a continuous belt, B, by pulley 4.

Rings made by bending 18-gage sheet-iron strips 1 cm. wide 
into circular cylinders 3 cm. in diameter were completely covered 
with tinfoil on the circular surfaces as well as on the ends to 
make sealed drums, F. Small tinfoil vanes, V, were sealed 
horizontally on the top face of the drums. These drums, which 
served as the stirrers, weighed only 5 grams each. They were 
floated on the liquid in the crystallizing dishes, after which the 
membranes were sealed to the top. Three electromagnet coils, 
M, taken from old electric doorbells, were mounted so that the 
magnet surface just cleared the side of the crystallizing dish. 
These electromagnets were operated from the secondary of an 
ordinary doorbell transformer (18 volts). When the pulleys 
were operated at a speed of about 60 revolutions per minute, the 
drums, F, were held in a position near the electromagnets as the 
pulleys and crystallizing dishes rotated. Because of the fric
tion of the drum stirrers on the side of the crystallizing dishes, 
they rotate about their own axes. The vane, V, on the drum 
thus rotates with respect to the base on which the apparatus is 
mounted and also with respect to the crystallizing dish, causing 
an efficient stirring of the air. The rotation of the crystallizing 
dish with respect to the stirring drum, F, also adequately caused 
a continual formation of a new liquid surface.

The apparatus was set up in various relative humidity 
rooms for making the measurements. An electric fan was 
directed across the membrane faces. Good check values 
were obtained when similar membranes were used on each 
of the crystallizing dishes with a liquid giving the same rela
tive humidity inside each. When the stirring drum was left 
out of one of the crystallizing dishes, the rate of loss of mois
ture from tha t dish was materially less than from the other 
dishes. When four thicknesses of noncoated Cellophane No. 
600 were used for the membrane and the relative humidity 
gradient was from 100 to 80 per cent, the presence of the 
stirrer increased the rate of moisture loss by about 70 per 
cent. Further increase of the rate of stirring had a negligible 
effect upon the rate of loss of moisture.



Systematic Qualitative Organic Microanalysis
Improved Apparatus for Micropreparative Work

H E R B E R T  K. A L B E R , 200 W est Sp rin gfie ld  R ond, Sp rin gfie ld , P en n a .

I T  HAS been shown by the author (1-3) th a t the qualitative 
schemes for the identification of organic compounds de

veloped by Mulliken (9) and Shriner and Fuson (10) operate 
with equal efficiency if small amounts of materials are avail
able; systematic studies, however, were necessary in order 
to  select the most suitable procedures for such a scheme of 
qualitative organic microanalysis. The first step to  be taken 
in the process of identification is the purification of the or
ganic compound to, a degree commensurate with the stability, 
the am ount of sample available, and the accuracies estab
lished for determination of the physical constants. The prin
cipal procedures of this preliminary step are again applied in 
the final step of the identification—i. e., the preparation of a 
characteristic derivative.

During the investigations on procedures for the purification 
of centigram and milligram amounts of organic substances 
(2) various kinds of apparatus have been developed or modi
fied in order to obtain satisfactory results within a reasonably 
short time; three of these are described here in detail.

Im proved B alan ce for M icropreparative W ork

Standard as well as microchemical balances have been ap
plied in the preparation of derivatives, estimation of yields, 
determination of solubility, semiquantitative elementary 
analysis (1, 2), etc. A small, sturdy, portable, and inex
pensive instrument which permits rapid weighing of 1-mg. 
samples to within 0.1 mg. is needed for this work.

The balance of Friedrich (7), a modified Emich-Salvioni bal
ance (6), has been further improved. A wooden case 195 X 65 
X 155 mm. (Figure 1) is mounted on a base, which contains a 
drawer for the weighing accessories, such as the forceps or the 
weighing vessels; the front window, W, is closed during the 
weighing in order to protect the spiral spring, Sp, from draughts. 
The mirror, M, beside the exchangeable paper scale, S, both of 
which are mounted on a glass plate, minimizes the error due to 
parallax when determining the position of the pointer. The 
aluminum-painted background facilitates the reading. Guide 
posts, G, keep Sp  in place when the load is varied.

The weighing vessels vary in form according to the procedure 
in which they are used. Aluminum dish A  serves for weighings 
in general preparative work. Platinum dish P  is recommended 
for the ignition test and semiquantitative residue determinations 
(1,2), and glass capillary C is suitable for transferring the weighed 
substance into sodium fusion tubes in the semiquantitative ele
mentary analysis (1, 2).

Most weighings are made by difference; the spiral spring 
comes quickly to rest, and a single weighing is accomplished 
within a minute. The tension of spring Sp  is adjusted by means 
of the lever arm, L, so that weighing vessels of different capacities 
and weights may be used. To obtain sensitivities of 0.1 mg. the 
empty weighing vessels, A, C, and P, must not be heavier than 
80 mg. The values on the exchangeable paper scale, S, should 
be checked from time to time with 10-mg. weights and wires of 
known lower denominations.

This balance replaces more expensive preliminary balances 
in quantitative organic microanalysis—e. g., it is of value in 
the quick determination of the weight of pellets, of the sol
vent in the Rast-Pregl camphor method for the determination 
of molecular weights, etc. (The apparatus described in this 
paper is obtainable from the A rthur H . Thomas Co., Phila
delphia, Penna.)

M ortar for G rinding and M ixing

I t  is often desirable to homogenize mixtures previous to 
t aking samples for analytical work or to  grind organic com
pounds into a homogeneous mass, in order to  increase solu
bility (2), etc. Aside from the small conventional agate 
mortars of about 25-mm. bowl diameter, no suitable mortars 
are available for the efficient treatm ent of centigrams or milli
grams of organic substances. A micromortar of Pyrex glass 
was described for triturating single insects with small amounts 
of liquids in virus studies (4); this instrument, however, is 
not applicable for grinding and mixing solids. After some 
attem pts (5) a  m ortar has been developed which is convenient, 
allows rapid manipulations, and is economical of material.

The micromortar, M  (Figure 2, A), is made of heavy chemical 
porcelain and is glazed, with the exception of the roughened out
side base of 50-mm. diameter which assures a firm support on the
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table during grinding operations. The inside has the form of an 
inverted cone 15 mm. in length, the opening being 20 mm. wide, 
narrowing to 7 mm. To prevent loss of material the lip is elimi
nated.

The unglazed base of the pestle, P, is 6 mm. wide. The radius 
of curvature of the bottom part of the mortar, rm (Figure 2, B), is 
designed to ensure close contact between the material and the 
acting surfaces of both mortar and pestle; a pestle with a base of 
a slightly smaller radius of curvature, rp, than that of the mortar 
is used.

If freedom from small contaminations is of vital importance or 
hard substances are to be ground, as in mineral analysis, the re
cently introduced sillimanite (Mullite, Coors, U. S. A.) is recom
mended in preference to porcelain.

The efficiency of the micromortar was tested in two ways: 
Weighed amounts of substances of varying hardness were 
ground in the m ortar to a fine powder for about 5 minutes. 
The powder was removed with a microspatula and weighed 
again on 'an ordinary balance. A few results are reported 
in Table I.

F ig u r e  2 . M ic r o m o r t a r  w it h  P e s t l e  
(A ) a n d  R a t io  o f  C u r v a t u r e s  o f  

P e s t l e  a n d  M o r t a r  (B )

Low recoveries of 30 and 50 per cent were observed on ex
ceedingly soft, hygroscopic, and highly charged (finely pow
dered) compounds. The high recoveries of sea sand in Table 
I are characteristic of materials with a hardness above 6 in 
the Mohr scale, since they become contaminated with ma
terial removed from the surface of the mortar or pestle. Sea 
sand ground in a sillimanite micromortar as above gave re
coveries of 95, 93, and 93 per cent of 25.0, 18.1, and 10.5 mg. 
used.

T a b l e  I. R e c o v e r y  o f  M a t e r ia l  o n  G r in d in g  i n  
M ic r o m o r t à r

Taken
Substance (Original)

Mg.
Benzoic acid 50

20
10.0
5 .0

KHiPO* 50
20
10.0
5 .0

Sea sand 50
30
11.4

Recovered
(Powdered) Recovery

Mg. %
44 88
17 85
6 .4 64
2 .6 52

42 84
17 85
8 .0 80
4 .0 80

48 96
28 93
11.6 102

The efficient mixing of heterogeneous substances in the 
micromortar was tested on a two-component system, the 
ratios being varied from 100:1 to 1:100. After 3 minutes 
grinding and mixing, 2 aliquot portions of approximately 
one third each of the total original weight were taken, and a 
quantitative determination was made of one compound, or of 
a characteristic element in this compound. Potassium dihy
drogen phosphate and sodium oxalate were selected for the

experiments in Table II, because they had given approxi
mately identical recoveries in grinding experiments. The 
degree of uniformity of the final product was determined by 
analyzing each aliquot portion for phosphorus, using the col
orimetric procedure of King (8).

T a b l e  II. E f f ic ie n c y  o f  M ix in g  Two S o l id  C o m p o u n d s  i n  
M ic r o m o r t a r

Components of M ixture Deviation of P  Found
W eighed Out Approximate from P  Calculated in

K H 2PO 4 NajCiO* R atio Aliquot Portions
Mg. Mg. % %
3 .0 100 1:100 - 2 . 8 - 9 . 5
9 .3 99 1:10 +  0 .7 +  2 .3

50.0 50.0 1:1 - 0 . 4 +  1.8
100 10.0 10:1 +  0 .7 - 1 . 4
100 1.5 100:1 + 0 .3 - 0 . 4

Appreciable errors were noticed only when very small 
amounts of the component to be analyzed were ground with 
large amounts of the admixed material, ratio 1 to 100. The 
results on the ratio 100 to 1 may be taken as an indication of 
the accuracy and precision of the phosphorus determination.

C om bined Separatory and S ed im en ta tio n  F u n n e l
Many procedures for separation, isolation, or purification of 

organic constituents involve extraction; a  study of con
tinuous extractors for solids has been reported recently (S). 
A special problem is the separation of a mixture of several 
liquids, in which the components are isolated by consecutive 
washings with several portions each of water, alkali, acid, and 
organic solvents. After extraction or ■washing a careful sepa
ration of the layers becomes a difficult task in an ordinary

funnel, especially if a precipi
ta te  is formed during the proc
ess. The upper layer should 
not be “poured out” of the top, 
as this leads to unavoidable
loss of material. The treat
ment of a solid compound in 
successive steps with different 
organic solvents—e. g., in the 
determination of solubility— 
is also difficult without a special 
separatory funnel.

F ig u r e  3 . C o m b in e d  Se p a r a t o r y  a n d  S e d im e n t a t io n  
F u n n e l



The combined separatory and sedimentation funnel, Figure 3, 
is a useful apparatus for the above-mentioned procedures. The 
dimensions are best chosen according to the problem; the ones 
given here are recommended for milligram and centigram amounts 
of solids, and milliliters or less of liquids. The calibration on the 
cylindrical stem, St, permits the estimation of used volumes and 
volume changes. St  has an inner diameter of from 7 to 8 mm., 
and is graduated to 5 ml., each milliliter being subdivided into 
0.1 ml.; it extends into a bulb of 10-ml. capacity, which is closed 
with a ground-glass stopper, the total capacity of 15 ml. being 
indicated by a mark on the upper neck. (Funnels have been 
used with stems graduated to 10 ml. and extending into a bulb 
giving a capacity of 25 ml.) The lower end of the stem is gradu
ally reduced, at X,  within a length of from 15 to 20 mm. to 3 to 
4 mm. inner diameter, thus forming a smooth cone.

The hollow stopcock, S, with an average diameter of about 
20 mm. is equipped with a bent capillary, C, 3 to 4 mm. in di
ameter, leading to the tip, T, 15 to 20 mm. long (Figure 3, A). 
With stopcock S  (Figure 3, B) turned 90°, the opening of the 
stem coincides with that of the cylindrical sediment collector, 
Ch, 3 to 4 mm. in inner diameter and 10 to 12 mm. long, having a 
capacity of 70 to 150 cu. mm. The size of S  may seem excessive 
for the small amounts of material handled, but this is necessary 
to prevent leakage, as in most cases no grease is used between 
positions 1 and 2 (Figure 3, A). Grease-collecting grooves in 
positions 1 and 2 were tried, but they merely complicated the 
apparatus.

The technique of manipulating this separatory funnel is simple. 
If the liquid with higher density is in the range of about 100 cu. 
mm., it is collected in the sediment collector, Ch, by settling; 
the stopcock is turned into position A, and the lighter liquid is 
removed through capillary C and tip T  without disturbing the 
liquid in Ch. After turning back the stopcock into position B, 
the treatment is continued with a fresh portion of solvent. Fi
nally, stopcock S  is pulled out from the separatory funnel and 
placed in a small wire rack, W  (Figure 3, B); the liquid is re
moved from the chamber by means of a fine capillary pipet.

The same procedure is applied for solid sediments, which are 
dried in the sediment collector, weighed, and removed with a 
microspatula or dissolved in a suitable solvent.

The efficiency of this separatory funnel has been tested on 
several separations of unknown mixtures of two to four liquids, 
with experiments on liquid-liquid extraction using water,

658

ethyl alcohol, ethyl ether, amyl alcohol, petroleum ether, 
carbon tetrachloride, benzene, etc., with processes necessitat
ing a  salting-out with sodium chloride, magnesium sulfate, 
or potassium carbonate, and with percolation experiments on 
fibrous materials (drugs) packed in the stem, etc.

Emulsions which are difficult to break up usually collect 
in a thin layer on the interface of two immiscible liquids. 
After the lower layer has been carefully drained through the 
capillary, the emulsion in some instances settles out over
night in the sediment collector and can easily be removed.

A ck n ow led gm en t

A part of these investigations was carried out in the micro
chemical laboratory of the Biochemical Research Foundation 
of the Franklin Institute, Philadelphia, Penna. The author 
wishes to express his thanks to J . T. Bryant for his assistance 
in the experiments.
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A Measuring Microscope
Technique for Measuring Vertical Distances up to Several Centimeters with a 

Precision o f 0 .0 0 0 0 5  Cm.

G . II. W AG NER , G RAN T C. IÎA1 LL Y, a n d  W . G . EVER SO LE, S ta te  U n iv ersity  o f  Iow a, Iow a C ity , Iow a

I N  SOME investigations in this laboratory it  became im
perative, because of the accuracy desired, to use a cathe- 

tometer which was accurate to  0.0001 cm. and had a working 
range of a t least 10 cm. Since such an instrum ent was not 
available, the need was supplied by constructing the meas
uring microscope described here, which has a range of 16 cm. 
and can be read to  0.000058 cm. The difficulties th a t were 
encountered and solved in constructing and calibrating the 
instrument to this precision should be of some general in
terest.

C on stru ction
The general construction of the instrument is evident from Fig

ure 1. The cross feed from a small lathe was attached rigidly to 
a heavy tripod base and the barrel and focusing arrangement of 
an ordinary microscope were attached by means of a heavy angle 
iron, A, bolted to the slide. The sliding ways were carefully 
lapped with fine emery with strokes running the full length of the 
ways. The slide was frequently reversed during the grinding to 
remove any bow which might exist. Grinding was continued 
until the slide could be adjusted to a snug fit with light even drag 
over the entire range of motion. The lead nut attached to the 
slide and the lead screw were carefully machined with a square

thread, 12 turns to the inch. The lead screw was fitted by means 
of a tapered pin with a steel collar by which the weight of the 
slide was carried on the adj ustable brass bearing, B. The position 
of B was adjusted so that the lead screw lined up perfectly with 
the direction of motion of the slide and there was no tendency to 
bind at any point. A pointer on the slide permitted reading the 
number of turns of the lead screw on a fixed scale, and a gradu
ated disk on the lead screw and vernier read to 0.1° of arc.

Lengths could be read with a precision of 0.001 cm. merely by 
taking one turn of the lead screw equivalent to 0.21 cm. (0.083 
inch). However, in order to obtain the next significant figure, 
further calibration and a consistent technique were required.

T estin g  and  L eveling th e  In str u m e n t
A 40-gram weight was suspended by means of a 1.5-mil nickel 

wire in water to minimize vibrations. The microscope was 
focused on the wire and leveled by means of the leveling screws 
until the wire remained in focus, and the vertical cross hair of the 
eyepiece did not deviate more than half the width of the wire, 
while traveling over the range of the instrument. -This insured a 
vertical alignment with a deviation of less than 0.025 mm. (0.001 
inch) and also showed that the sliding ways were not warped 
appreciably at any point. Since the two cross hairs in the eye
piece were perpendicular, alignment of the vertical cross hair 
parallel to the wire served to make the other cross hair horizontal.
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R ead in g  T ech n iq u e
Because of the weight of the slide it was necessary to use a 

heavy oil on the lead screw to prevent wear. Many different 
grades of lubricant were tried. With temperatures from 23° to 
27° C., the best results were obtained with medium heavy cup 
grease on the slide and S. A. E. 120 lubricant applied freely to the 
lead screw. This gave a film which had a thickness much greater 
than the limit to which the microscope was being read. I t was 
found that the thickness of the oil film could be kept constant 
and the reading of a given fixed point could bo duplicated to 0.1“ 
by means of the following technique: Flood the screw with oil 
while the slide is at the bottom of the screw, run the slide to the 
top, apply more oil to the screw, run slide back to the lowest point 
on the instrument, and raise to the point being read. I t was very 
important in the process of taking a reading that the cross hair 
did not go past the index so that the motion of the slide had to be 
reversed. Using this technique, any error greater than 0.1“ in 
measuring length results from imperfections in the lead screw.

Im p erfection s in  Lead Screw
P e r i o d ic  E r r o r s . Periodic errors are imperfections in 

the screw which are repeated monotonously a t corresponding 
points on successive turns. These variations can be success
fully eliminated by taking readings on the given length a t 
four points 90° apart and averaging the results. This uniform 
displacement of the length was accomplished by moving the 
cross hairs in the micrometer eyepiece.

L o n g i t u d in a l  V a r i a t i o n s . Longitudinal variation in the 
lead screw was calibrated in terms of a fixed length which was 
given an arbitrary value slightly less than its measured length, 
so that the deviations would be small positive numbers.

In calibrating, the fixed length was measured from a turn 
near the top of the screw which was taken as the reference 
turn. The measured length less the length arbitrarily as
signed was taken as a correction corresponding to the turn in 
which the lower reading was taken. The standard length was 
then lowered by successive steps each equal to its length; cumu
lative deviation was plotted against the turn number corre-
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sponding to the lower reading. A smooth curve drawn through 
these points was a first approximation of the calibration.

From measurements with shorter lengths it was found that 
the central portion of the screw was uniform. This corre
sponds to a linear portion of the calibration curve as it was 
plotted. In this range other reference points may be accu
rately established and the deviation a t other points on the 
curve outside this range determined by further measurements 
with the standard length. Figure 2 shows a calibration curve 
obtained in this way, where the solid curve is the original 
curve and the dotted curve is a calibration obtained with a 
different standard length after 2 years of use. I t  is evident 
from a comparison of the two calibration curves tha t the in
strument is improving with use.

Although the lead screw was cut on a new precision lathe 
a t 12 turns to the inch, the screw was further calibrated:

Two indices, approximately 6.5 cm. apart (approximately the 
uniform center range of the microscope) were made on a small 
quartz fiber and the exact distance was measured with the instru
ment described and compared to the length obtained, using a 
measuring microscope which read directly to 0.001 cm. by means 
of a vernier and scale. The readings were made in a thermostat 
at 25° C. with a small weight attached to the fiber to give it 
vertical alignment. A ratio of the two readings (uncorrected) 
gave a conversion factor, 1° =  0.0005S79(S) cm. This agrees 
well with the conversion factor obtained by assuming 12 turns 
to the inch, 1° s s  2.540005/12 X 360 =  0.00053796 cm.

The instrument therefore permits the measurement of 
relative lengths with a  high degree of precision, the absolute 
accuracy depending also on the accuracy with which the 
length of the standard is known.

Precision
The validity of the calibration and technique was tested 

by measuring different fixed lengths a t different points on the 
scale. Each reading was corrected by subtracting the cor
rection taken from the calibration curve, and the correspond
ing length, which was the difference between the corrected 
readings, was corrected for the thermal expansion of the lead 
screw when necessary. Using 25° C. as standard, this cor
rection for thermal expansion amounted to 0.0001 cm. for a 
length of 10 cm. and a temperature difference of 1°. The 
lengths thus corrected could be duplicated to  0.1° in the 
middle range of the instrument and to 0.2-0.30 near the ends 
of the range. When possible the extreme ends of the range 
were avoided in actual use.



Removal o f Nitrogen Oxides in Semimicro- 
determination o f Carbon and Hydrogen

PH IL IP  J . ELV IN G  AND W ILBU R  R . M CELROY  
P u rd u e  U n iv ersity , L a fa y e tte , In d .

In  recen t years th e  u n su ita b ility  o f  lea d  d iox ide  
for u se  as a n  a b so rb en t for  n itr o g en  ox ides in  
o rg a n ic  c o m b u stio n  a n a ly sis  lia s  b een  rep eated ly  
d em o n stra ted . A m o n g  th e  su g g ested  su b s t itu te s  
for lead  d iox ide ha v e  b een  H o p ca lite  (C orw in) a n d  
p -a m in o a z o b e n z e n e  (D on ib row sk i) w h ic h  are  
p laced  b e tw een  th e  A n h yd ron e a n d  A sca r ile  tu b es . 
S o lu tio n s  o f  s tro n g  in o rg a n ic  ox id iz in g  a g e n ts  in  
co n cen tra ted  su lfu r ic  acid— c. g ., 0.02 M  p o ta ss iu m  
p erm a n g a n a te  in  su lfu r ic  acid— w ill absorb n itr o 
g e n  ox id es b u t  n o t  carb on  d iox ide. N itro g en o u s  
organ ic  co m p o u n d s h a v e  b een  sa tisfa c to r ily  a n a 
ly zed , u s in g  su lfu r ic  acid  so lu tio n s  o f  p o ta ss iu m  
p erm a n g a n a te  in  a  sp ec ia l a b so rp tio n  vessel fo l
lo w in g  th e  A n hyd ron e tu b e .

In  a search  for a su b s t itu te  for lea d  d iox ide  th a t  
co u ld  b e  used  e ith er  in  th e  c o m b u s tio n  tu b e  or in  
th e  ab so rp tio n  tra in  variou s m e ta ls  a n d  m e ta llic  
oxides ha v e  b e e n  te s te d  for th e ir  a b ility  to  d e c o m 
p ose  or  absorb  n itr o g en  d iox id e  from  m ix tu res  o f  
n itro g en  d iox ide an d  air.

O N E of the serious sources of error in present methods 
for the determination of carbon and hydrogen is the use 

of lead dioxide to  remove the nitrogen oxides from the prod
ucts resulting from the combustion of organic compounds 
containing nitrogen (2, 6,15,25,26,41,42,4$)-  These oxides 
must be removed prior to the absorption of carbon dioxide, 
since their acidic nature will cause their absorption by the 
alkaline reagents used for absorbing the carbon dioxide and 
consequently will lead to high results for carbon. Various 
absorbents, which will not react with the nitrogen oxides in the 
gas stream of combustion products, m ay be used for the water 
formed. These nitrogen oxides can be removed by absorp
tion by a suitable substance or reduction to free nitrogen.

Lead D ioxide and  Proposed S u b stitu te s
Lead dioxide, long used in macroanalysis (13, 20), was retained 

in his microanalytical procedure by Pregl, who called it “the most 
critical reagent” in the method (89). The use of lead dioxide in 
both micro- and macroanalysis has been studied critically by 
numerous investigators (2,6, 7, 9,15,20, 81, 24, 41,42, 43). The 
mechanism of the absorption of nitrogen oxides by the lead di
oxide was investigated by Kimer (19) who summarized previous 
work on this topic. Specific sources of error (3, 14, 23, 25, 26, 27, 
30, 39) are the tendency of lead dioxide to absorb carbon dioxide 
when dry and to give it off again in the presence of small amounts 
of water or of the combustion products of organic compounds 
containing nitrogen, halogen, or sulfur, and the gradual absorp
tion and elimination of water from the lead dioxide. Boëtius
(4) and Niederl and Whitman (35) consider the time and amount 
of gas specified by Pregl for the purpose of sweeping out the com
bustion gases insufficient for the complete removal of the water 
from the lead dioxide. These sources of error are more or less 
eliminated by keeping the lead dioxide at a temperature of 180° 
to 200° C., in which range the vapor pressure of water-lead di
oxide system has a constant value, which is high enough to mini
mize the absorption of carbon dioxide and low enougn to guard 
against storing up appreciable amounts of water (22, 39).

The various absorbents and reagents for the removal of the 
oxides of nitrogen suggested in the literature have been tested by

Corwin (6) and their advantages and disadvantages studied. 
Most of the substitutes proposed for lead dioxide have been 
metals intended to reduce the oxides of nitrogen to elementary 
nitrogen. Müller and Barck (29) studied the decomposition 
of nitric oxide when heated with various metals. The most 
efficient reducing agent for the oxides of nitrogen seems to be 
metallic copper, first used by Gay-Lussac (17). The use of cop
per in combustions taking place in oxygen, however, necessitates 
the introduction of a freshly reduced copper spiral for each deter
mination. The latter was avoided by Benedict (1) who burned 
a weighed sample of high carbon content with each nitrogen-con- 
taining sample, the combustion of the former producing the 
freshly reduced copper surface needed to reduce any oxides of 
nitrogen formed by the second sample. A more satisfactory solu
tion of the problem involving the use of metallic copper was pro
posed by Niederl and Whitman (34) who burned the sample in an 
atmosphere of nitrogen, using the combustion tube filling recom
mended by Pregl (38) for the micro-Dumas method. The oxygen 
for the combustion was supplied by copper oxide mixed with the 
sample. Lindner (24) also used a combustion tube containing 
copper spirals, employing nitrogen as the transport gas and oxy
gen or air in the actual combustion. After four or five runs 
Lindner’s copper spirals had to be renewed. Pregl (37) claims 
that metallic silver, suggested by Dennstedt (8) and Dubsky
(11), is incapable of decomposing the higher nitrogen oxides. 
Untreated Raney nickel-aluminum catalyst, kept at 200° to 
250° C., has been found by Gardella and Baldeschwieler (16) to 
be effective in removing nitrogen oxides in macroanalysis.

Perkin (36) suggested replacing the lead dioxide used in macro
analysis with potassium enrómate. Corwin (6) found that dry 
Hopcalite could be substituted for lead dioxide as an absorbent 
for the oxides of nitrogen. The Hopcalite, maintained at a tem
perature of 125° to 175° C. and placed between the Anhydrone 
and Ascarite tubes, apparently has to be regenerated after each 
run by heating to 300° C. The analytical method for carbon 
and hydrogen based on the use of Hopcalite was claimed by Cor
win to be superior in accuracy to any micromethod for carbon 
and hydrogen previously described in the literature. In 1940 
Dombrowski (10) also proposed an absorbent for the nitrogen 
oxides inserted between the tubes containing the absorbents for 
the water and the carbon dioxide. The adsorbent used was p- 
aminoazobenzene, which was moistened with a saturated solu
tion of boric acid and potassium dichromate and was placed in a 
special U-shaped tube, followed by a layer of magnesium per
chlorate contained in the same U-shaped tube. This filling had 
to be renewed after five or six analyses. Dombrowski’s results 
for hydrogen on five nitrogen-containing compounds, each run 
in duplicate, using magnesium perchlorate as water absorbent, 
were nigh, on an average, by 0.23 per cent, indicating that the 
magnesium perchlorate did not absorb the oxides of nitrogen to 
any appreciable extent. This latter fact was confirmed by the 
experimental results described below'. Corwin (6) claims, how
ever, tha t Anhydrone absorbs nitrogen dioxide but not nitric 
oxide. The absorption of 1 per cent of the nitrogen in a sample 
as nitrogen dioxide by the Anhydrone would cause an apparent 
increase of 0.37 per cent in the hydrogen content.

P u rp ose o f  In v estig a tio n

The purpose of the investigation reported in this article 
was twofold. First, a  simple absorbent for the oxides of ni
trogen was sought which could be used outside the combus
tion tube; this would avoid the use of lead dioxide and would 
permit the use of a simplified combustion tube packing. 
Secondly, possible substitutes for lead dioxide were investi
gated for use in the combustion tube or in the absorption 
train. For the former purpose, various solutions were tried 
as absorbents for nitrogen oxides; for the la tter purpose, 
various metals and metallic oxides were tested for their power 
to remove nitrogen oxides from a stream of gas.



Preparation o f  M ixtures o f  Oxides o f  N itrogen  and  
Oxygen

In anticipation of testing the absorptive capacity of many 
materials for oxides of nitrogen, a permanent setup was con
structed for generating nitric oxide, measuring a definite 
volume, and mixing with oxygen in any desired proportions.
The apparatus, shown in Figure 1, is an adaptation of the 
nitric oxide generator described by Kirner (19), although a 
different reaction was used.
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Nitric oxide was made in the generator by the action of dilute 
sulfuric acid on a 1 to 1 molar solution of potassium nitrite and 
potassium iodide (44). The nitric oxide was washed and dried 
by passage through saturated potassium hydroxide solution and 
through phosphorus pentoxide mixed with pumice. Small 
volumes of nitric oxide were measured out in the calibrated gas 
pipet (volume = 2.5 cc.) while large volumes of nitric oxide were 
measured out directly in the gas buret (volume of the upper bulb = 
50 cc., volume of the lower calibrated tube = 50 cc.), where 
the samples of nitric oxide were diluted with oxygen and from 
which the gas mixture was led to the reagent being tested for re
moval of nitrogen oxides. Before using, the apparatus was 
cleared of air by flushing with nitric oxide. The samples of nitric 
oxide taken were absolutely colorless. On the addition of oxy
gen brown nitrogen dioxide was formed. Mercury was used as 
confining liquid in the gas pipet and gas buret, and ferrous sul
fate solutions were used in the traps designed to keep the nitric 
oxide from getting into the air. The generator and purification 
train were kept filled with nitric oxide when the apparatus was not 
being used.

Under the condition of the experiments, using an excess of 
oxygen, the nitric oxide would be changed completely to ni
trogen dioxide in the gas buret. As has been pointed out 
(18,19, 28, 40) nitrogen dioxide and nitrogen are the probable 
end products from a properly conducted combustion of a nitro
gen-containing compound.

A bsorption o f  N itrogen  D ioxide by S o lu tion s

For the experiments involving the use of an absorbing solu
tion, absorption vessels of various shapes and sizes were 
tested.

Each type was placed in the combustion train, as it would be in 
practice, to determine how much resistance it offered to the flow

of gas. Those possessing too much resistance for operation were 
discarded. A capillary bubbler seemed best suited to the need. 
Capillaries of various diameters were tested to determine the ex
tent of foaming and the pressure necessary to produce a satis
factory flow of gas. An all-glass vessel, shown in Figure 2, was 
finally designed, having two bubblers, each of 1-mm. orifice, in 
tandem. This absorption vessel is readily filled and emptied 
through the stopcock. The volume of liquid usually present was 
about 10 ini.

On the basis of the familiar use of sulfuric acid for absorbing 
nitrogen oxides in the chamber process for the manufacture of 

sulfuric acid and of the use of potassium 
dichromate solution as an absorbent for 
the oxides of sulfur in the analytical 
method for the determination of carbon 
in steel, sulfuric acid and solutions of 
inorganic oxidizing agents in sulfuric acid 
were selected for study as absorbents for 
the oxides of nitrogen.

In the experiments described the mixture 
of nitrogen dioxide and oxygen was led from 
the gas buret connected to the nitric oxide 
generator through a capillary glass tube to 
the absorption vessel described, then through 
a bubbler into a Mariotte bottle. The 
bubbler contained an indicator solution of 
diphenylamine which gives a blue colora
tion with nitrogen dioxide. By this device 
the failure of the absorbing solution to re
move nitrogen dioxide from the gas stream 
could be instantly detected. A blue color 
appeared on passing 0.01 mg. of nitrogen 
dioxide directly into the diphenylamine 
solution.

Concentrated sulfuric acid was unsatis
factory as an absorbent for nitrogen 
dioxide. A saturated solution of potas
sium dichromate in concentrated sulfuric 
acid was found to be satisfactory. When 
1500 cc. of a 50 per cent nitrogen di

oxide mixture were passed through a t the rate of 5 cc. per 
minute, no nitrogen dioxide was detected in the scrubbed gas. 
To determine whether or not this absorbent would also ab
sorb carbon dioxide, the absorption tube was placed in the 

combustion train between the An- 
hydrone and Ascarite tubes and 
analyses were made on standard 
substances. The results for carbon 
and hydrogen were satisfactory. 
Suitable experiments showed tha t 
nitrogen dioxide is either not ab
sorbed or only negligibly absorbed 
by Anhydrone under the usual con
ditions of gas flow and nitrogen 
oxide concentration.

By similar experiments sulfuric 
acid solutions, 0.02 M  in potassium 
permanganate, 0.1 M  in potassium 
persulfate, or saturated with eerie 
sulfate, were each found to give 
satisfactory removal of nitrogen 
dioxide from nitrogen dioxide-oxygen 
mixtures, ranging in concentration to 
50 per cent nitrogen dioxide and in 
rate of flow to 10 cc. per minute. As a 
general procedure, it is safe to assert 
tha t any nonvolatile oxidizing agent 
in sulfuric acid which is relatively 
stronger as an oxidizing agent than 
nitric acid can be used to remove ni
trogen dioxide from the gas stream.
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T a b l e  I. D e t e r m in a t io n  o f  C a r b o n  a n d  H y d r o g e n

Compound

Carbon 
A bsorbent Calcu-

Used lated Found

H ydrogen 
Calcu
lated  Found

% % % %
Benzoic acid Potassium  68.88 

dichromate® 
Potassium

permanganate*»

68.83

69.06

4 .95 5.11

4.97

d-M annitol Potassium  39.55 
dichromate®

39.58 7.74 7.83

Glycine Potassium  32.00  
dichromate® 

Potassium
perm anganate *

32.19

31.95
32.13

6.71 6.81

7.07
7.00

p-N itrotoluene Potassium  61.31 
dichromate® 

Potassium
perm anganate *

61.59

61.15

5.14 5 .14

5 .23

3,5-D initrobenioic acid Potassium  39.63 
dichromate® 

Potassium
perm anganate*

39.53

39.70

1.90 1.97

1.95

Thiourea Potassium  15.78 
perm anganate*

15.87 5.29 5.36

p-N itrobrom obenzene Potassium  35.67 
perm anganate*

35.30
35.61

1.99 2 .03
2.31

Ephedrine hydro
chloride

Potassium  59.55 
perm anganate*

59.50
59.38

7 .99 8 .1 8
8 .15

Research substances
CiHaOtNs Potassium  37.04 

perm anganate*
37.07
36.80

6.21 6.54
6 .58

CiHuOaN Potassium  52.81 
perm anganate*

52.75
52.98
52.86

8 .23 8.28
8.51
8 .58

CtH i«0«Ni Potassium  44.20 
perm anganate*

44.36
44.37

7.42 7.43
7.81

° Saturated  solution in concentrated sulfuric acid. 
* 0 .02  M  solution in concentrated sulfuric acid.

A n alysis , U sin g  th e  Proposed A bsorbent

Various nitrogen-containing compounds were analyzed, 
using either a saturated solution of potassium dichromate in 
concentrated sulfuric acid or a 0.02 M  solution of potassium 
permanganate in concentrated sulfuric acid to  remove the 
nitrogen oxides from the combustion products.

The analyses were carried out on a semimicro scale, using 10- 
to 20-mg. samples. A combustion apparatus of the conventional 
type for the determination of carbon and hydrogen described by 
Niederl and Niederl (31) was used with the simplified combustion 
tube,filling, consisting only of platinum gauze, silver wool, and 
copper oxide (32). The combustion procedure was somewhat 
modified because of the larger samples (33). All weighings were 
made on a Becker No. 360 semimicrobalance which could be read 
to 0.01 mg. Many analyses were made on standard materials 
such as benzoic acid and d-mannitol, in order to check the accu
racy of using this semimicrotechnique. When this was accom
plished, experimental work was started.

The absorption vessel was placed between the two absorption 
tubes containing Anhydrone and Ascarite. In the analyses in 
which the potassium permanganate-sulfuric acid solution was 
used, an absorption tube containing Anhydrone similar to the 
watcr-absorption tube was inserted between the absorption vessel 
and the Ascarite tube. A single 10-ml. filling of pennanganate- 
sulfuric acid solution will absorb nitrogen dioxide equivalent to
0.07 gram of nitrogen and should suffice for at least fifteen analy
ses. The analyses are shown in Table I. In the analyses of 
samples containing halogen or sulfur, a f>-cm. layer of lead chro- 
mate was inserted before the copper oxide in the combustion tube, 
except that for the analysis of the ephedrine hydrochloride the 
lead chromate was mixed with the copper oxide. '

S im u lta n eo u s D eterm in a tio n  o f  C arbon, 
H ydrogen , an d  N itrogen

I t  seemed probable th a t the nitrogen oxides absorbed in 
the sulfuric acid containing a strong oxidizing agent would be

converted to nitric acid. If this were true, and if all the ni
trogen in the sample were burned to oxide, then it remained 
only to  determine the nitric acid in the absorption vessel to 
have a quantitative method for the determination of nitrogen 
simultaneously with carbon and hydrogen. W ith this in 
mind a method was devised for the determination of nitric 
acid in concentrated sulfuric acid which would be applicable 
to solutions containing permanganate, since permanganate was 
the oxidizing agent most readily destroyed without destruc
tion of the nitric acid. The method of Bowman and Scott 
(5) for the determination of nitric acid in oleum and in mixed 
acids was adapted for use on a semimicro scale.

The potassium permanganate-sulfuric acid solution con
taining the nitric acid resulting from the combustion of a 
sample was drained from the absorption vessel into a  50-ml. 
beaker, in which the washings of the absorption vessel were 
also collected. The resulting solution was then titrated  after 
the reduction of the permanganate. In  all cases the nitrogen 
content found was much lower than the correct value, the 
nitrogen values being 1 per cent or more apart for any one 
sample. The error is probably due to pyrolysis of the sample 
before actual combustion occurs, forming free nitrogen which 
escapes absorption. Future work will involve study of a 
catalyst or method which will convert all the nitrogen in the 
compound to nitrogen oxides, thereby permitting the simul
taneous determination of carbon, hydrogen, and nitrogen. 
Probably nitrogen present as nitro nitrogen can be liberated as 
oxide under suitable conditions.

T a b l e  II. R e m o v a l  o f  N it r o g e n  D io x id e

N itrogen Dioxide 
Concen-

T em perature  tra tio n  R ate  of flow Result
° C. %  Ce. per min,

B y M etals

A luminum 180 5 5
A ntim ony 300 2 5
Bism uth Below melting 2 4

point
Nickel 180 5 3
Silicon 300 2 1
Silver 300 2 3
Tellurium 300 2 5
T in 180 2 5
Zinc 180 2 5

B y M etallic Oxides

Cerium  dioxide 300 2 to  50 1.5
Lead dioxide 180 2 5
M anganese dioxide 180 2 to  50 5
Thorium  dioxide 180 5 to 10 5
Zirconium dioxide 180 5 5

180 10 5
“ Red heat’* 5 to  20 5

P artia lly  effective
U nsatisfactory
Unsatisfactory

P artia lly  effective
Unsatisfactory^
P artially  effective
U nsatisfactory
U nsatisfactory
U nsatisfactory

Com plete
Incom plete
Complete
Complete
Complete
P artia lly  effective
Com plete

R em oval o f  N itrogen  D ioxide by M eta ls and  
M eta llic  Oxides

In studying the effectiveness of various metals and metallic 
oxides in removing the nitrogen dioxide from a mixture of nitro
gen dioxide and oxygen, the gas mixture was passed through a 
15-cm. tube, cut from the tapered end of a combustion tube, 
which contained the substance under study, then through a 
bubbler containing diphenylamine indicator solution, and into 
a Mariotte bottle. The piece of combustion tube was held in a 
glass heating mortar, so that by use of p-cymene or mineral oil 
the substance being tested could be held at a  temperature of 180° 
or 300° C. A thermometer was placed in the heating mortar 
containing the mineral oil. In some experiments, the heating 
mortar was removed and the tube was heated directly by a Bun
sen burner and wing tip. The substance being tested was packed 
in a C-cm. layer in the tube, supported at either end of the layer 
by asbestos plugs. In some cases the substance had asbestos 
plugs inserted in it a t 2-cm. intervals to prevent channeling.



The conditions used and the results obtained are summa
rized in Table II. An unsatisfactory result indicates tha t the 
substance in the state tested failed to remove the nitrogen 
dioxide from the gas stream a t the concentration of nitrogen 
dioxide, rate of flow, and temperature tried. Failure to re
move nitrogen dioxide was indicated by the appearance of a 
blue color in the diphenylamine solution.

M e t a l s . Aluminum powder or nickel powder failed to re
move the nitrogen dioxide completely from mixtures of nitro
gen dioxide and oxygen. Mixtures of aluminum and nickel 
powders in the proportions 1:3, 1:1, and 3:1 were no more satis
factory at 180° or 300° C. A coil of silver wire and a silver- 
asbestos contact mass were found to be only partially effective 
under the conditions tried. The specimens used in the other ex
periments listed were antimony powder, granular bismuth metal, 
silicon powder, tellurium powder, 30-mesh granular tin, and 
20-mesh granular zinc.

M e t a l l ic  O x i d e s . Cerium dioxide was prepared from the 
oxalate and was probably contaminated by other rare earth ox
ides. When nitrogen dioxide mixtures, 2 to 50 per cent nitrogen 
dioxide, were passed through this preparation at 300° C., the ni
trogen dioxide was completely removed from the gas stream. 
Unfortunately, use of a packing of cerium dioxide in place of lead 
dioxide in analyzing samples of benzoic acid gave consistently 
low results for carbon, although cerium dioxide has been used as 
an oxidation catalyst in macroanalysis (IS).

A sample of special lead dioxide intended for use in microanaly
sis failed to remove all the nitrogen dioxide from a 2 per cent mix
ture passed through at the rate of 5 cc. per minute. This is fur
ther confirmation of Corwin’s statement (6) that dry lead dioxide 
does not completely absorb nitrogen oxides. Powdered manga
nese dioxide removed nitrogen dioxide in 50 per cent mixtures 
but, since it is said (6) to be liable to the same sources of error as 
lead dioxide, it was not further investigated Thorium dioxide 
served to remove lower concentrations of nitrogen dioxide com
pletely but failed at higher concentration. Analysis of benzoic 
acid using thorium dioxide gave low results for both carbon and 
hydrogen.

Samples of zirconium dioxide, prepared from zirconyl chloride 
and kept at a bright red heat, seemed to remove nitrogen dioxide 
completely. Analysis of 3,5-dinitrobenzoic acid, using zirconium 
dioxide at a red heat in place of lead dioxide, gave results for 
carbon which were high by an amount approximately equivalent 
to the nitrogen in the sample if it had been absorbed as nitrogen 
dioxide by the Ascarite. Analysis of the same compound using 
a permanganate-sulfuric acid solution between the Anhydrone 
and Ascarite tubes gave satisfactory results for carbon. Analysis 
of the permanganate-sulfuric acid solutions for nitrogen gave low 
results. The hydrogen results were satisfactory in all cases.

Sum m ary

The defects in the use of lead dioxide in organic combustion 
analysis and suggested substitutes for lead dioxide are dis
cussed.

I t is believed th a t the method used for the determination 
of carbon and hydrogen in nitrogen-containing compounds has 
been improved by substituting for the lead dioxide in the com
bustion tube a sulfuric acid solution of potassium permanga
nate, or of some other oxidizing agent, which is placed between 
the absorption tubes used for water and carbon dioxide. Po
tassium permanganate and sulfuric acid are readily available 
in any laboratory and are considerably cheaper and more 
convenient to use than other proposed nitrogen oxide absorb
ents which are similarly placed in the absorption train, while 
apparently equally efficient. If a method can be found for 
converting all the nitrogen in the sample to nitrogen oxides, 
the proposed method will suffice for the simultaneous deter
mination of carbon, hydrogen, and nitrogen. An added ad
vantage of the proposed method is th a t it permits the use of a 
simplified combustion tube filling, whether or not compounds 
containing nitrogen are being analyzed.

In seeking a substitute for lead dioxide which could be used 
in the combustion tube or in the absorption train, various 
metals and metallic oxides have been tested for their ability 
to decompose or absorb nitrogen oxides. Although some of 
the metallic oxides satisfactorily remove oxides of nitrogen,
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their use is excluded since unsatisfactory carbon and hydrogen 
values are obtained when they are present.
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The American Tobacco Company 
Research Laboratory

C LA IBO RNE E . B R O G D E N , A m erica n  T ob acco  C o., R ic h m o n d , Va.

T H E  research facilities of The American Tobacco Com
pany were greatly expanded with the completion of its 

new building a t 400 Petersburg Turnpike, Richmond, Va. 
The building was designed by Francisco and Jacobus, of 
New York, and erected by the Wise Contracting Company 
of Richmond. The cost of the building and fixed equipment 
was approximately 95 cents per cubic foot.

The building, which consists of one story and full base
ment, measuring 135 by 110 feet, is of modified Georgian de
sign, the exterior of buff brick with limestone trim. The ex
terior doors and sash are of wood painted white. The interior 
shows the influence of the Williamsburg restoration. The 
vestibule is paneled in teakwood, the lobby wainscoted to the 
ceiling and painted in old ivory. The library, which occupies 
38 by 41 feet in the center of the building, consists of a con
ference room, from both sides of which open reading alcoves 
with bookstacks between. The room is finished in matched 
walnut panels. The executive and general offices are wain
scoted in walnut or paneled in wood, painted ivory. The ceil
ings of the library and offices are acoustically treated. The 
floors of the vestibule and lobby are of marble, the library 
of teakwood with ebony inlay, the private offices carpeted.

L a b o r a t o r i e s . The laboratories on the first floor are ar
ranged in units, or suites, around the building. These units 
correspond to the divisions under which the research depart
m ent is administered—tobacco, essential materials, cigaret 
paper, physical standards, tobacco smoke, factory service, and 
biological. The laboratories are 24 feet in depth and vary 
from 9 feet to  35 feet in width. Ceiling heights vary from 
10 to  15.5 feet. The walls are of glazed terra-cotta to a height 
of 5 feet 9 inches with painted plaster above. Laboratory 
floors consist of */js-inch air-pad rubber over concrete. Light
ing is furnished by daylight fluorescent tubes operating on 
three-phase 208-volt circuits.

L a b o r a t o r y  F u r n i t u r e  a n d  S e r v i c e s . Laboratory 
furniture is of birch flush construction finished in “burley” 
brown, with the exception of the biological division, which is 
furnished with white enameled lead-coated steel. Table tops 
are 1.625-inch birch, finished in black satin acid-alkali resist
an t enamel, excepting under hoods. Table tops under hoods 
are of black serpentine stone 1.625 inches thick. Balance table 
tops are of 1.625-inch enameled asbestos composition, which 
provides added weight and stability.

Hardware and fittings are made of brass, satin chrome- 
plated, excepting under hoods, where special acid-resistant 
alloy is used. All are of severely plain design for ease of main
tenance. Services in each laboratory include steam, hot and

cold water, compressed air, gas, vacuum, 120- and 208-volt 
alternating current, and distilled water. All service lines are 
fully enclosed, so th a t only the fixtures are visible. Brass pipe 
is used throughout the building for hot and cold water. 
Ceramic drains for waste are used, except for lead connections 
from the floor level to laboratory sinks.

Sinks and drainboards of one-piece construction are of black 
vitrified ceramic ware, set in mastic a t the joints with table 
tops to prevent moisture reaching unprotected surfaces. Acid- 
proof ceramic drip trays, connected to the acid drainage sys
tem, are provided beneath all sinks, so th a t traps and wall pipes 
may be serviced w ithout damaging furniture or floors by 
contact w ith corrosive liquids. These trays also serve as 
an excellent storage for stock bottles of concentrated acids.

In  addition to housing all mechanical equipment in connec
tion with the building, the basement is provided with labora
tories and other rooms for special equipment. Laboratory 
furniture in the basement is of lead-coated steel finished in a 
pearl gray enamel with impregnated asbestos tops.

One room, 32 by 35 feet, is equipped with semiworks-digest- 
ers, beaters, sheet formers, and other equipment for fabri
cating cigaret paper from raw material. This room has a 
separate ventilating system for exhausting directly to the out
side. A processing room, equipped with all services for use 
with small-scale factory machinery, occupies about 2000 square 
feet of floor space. A drying and milling room for tobacco and 
other samples has been provided, as well as a special room 
for pulverizing coal and related samples. The grinding mills 
are housed in hoods connected with rotoclones which remove 
98 per cent of the dust, returning clean air to the rooms. 
One laboratory is equipped with a Kjeldahl wet-ashing unit 
provided with a  Duriron vent directly to the roof. Moisture 
ovens having a capacity of over 500 samples a day occupy 
one room. A machine shop equipped with lathes, drill presses, 
and other necessary shop facilities occupies 24 by 30 feet.

Stockrooms for glassware and chemicals, a  storeroom for 
samples which are retained for reference, stationery stock 
room, record vault, shipping room, glassware washroom, ster
ilizing room, as well as locker rooms and showers for employ
ees, are also located in the basement.

H e a t i n g  a n d  A i r  C o n d i t i o n i n g . The main floor is com
pletely air-conditioned with controls in individual rooms or 
suites. The system is designed for both winter and s u m m e r 
conditioning—t h a t  is, dry bulb temperature and h u m id i ty  
will be automatically controlled throughout the year. All the 
air supplied to  the laboratory through the a ir - c o n d i t io n in g  
system is thoroughly washed by means of a spray-type de-
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{Top) T y p i c a l  F u m e  H o o d  S h o w in g  A d j u s t 
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a n d  M u f f l e  
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F l o o r  P l a n  o f  M a in  F l o o r  a n d  B a s e m e n t

humidifier, then filtered. The dehumidifier is fabricated of 
stainless steel, ensuring freedom from corrosion and minimum 
maintenance costs. The fan supplying conditioned air to the 
first floor has a capacity of 28,000 c. f. m., equivalent to a com
plete change of air every 6 minutes. Since the heat load is far 
greater in some rooms than in others, the quantity  of air made 
available to  each has been regulated accordingly. The sys
tem is divided into fourteen zones to  provide for variation of 
internal heat load from laboratory equipment and of external 
load as the direct rays of the sun travel around the building.

Requirements vary from comfort conditions in the offices to 
very accurate control of both temperature and relative humid
ity—for example, measurement of the physical characteristics 
of cigarets and tobaccos requires the maintenance of relative 
hum idity within ± 0 .5  per cent and similar exactness in tem
perature control. Smoke research, while demanding less pre
cise control, requires more flexibility, with facilities for chang
ing relative hum idity over a fairly wide range and maintain
ing it  a t any prescribed level during a series of experiments. 
Since the duties of each division are specialized, facilities have 
been provided which are peculiar to  its needs. Individual 
rooms are equipped with special humidifying equipment for

control a t various levels. The conditioned air is 
introduced into the laboratories through adjust
able openings in the window sills. The air, there
fore, passes up across the window where the 
greatest heat change occurs. This avoids direct 
drafts on both worker and experiment.

H eat is supplied by two 36-horsepower low- 
pressure boilers arranged for oil burning. An 
additional 10-horsepower boiler of the Scotch 
Marine type generates steam a t 100 pounds’ pres
sure f or laboratory use. In  general this is reduced 
to 40 pounds’ pressure and lower pressures for 
special uses.

Refrigeration is furnished by three compressors, 
each having a capacity of 40 tons of ice daily. 
They are supplemented by evaporative condensers 
which eliminate a  cooling tower or large quanti
ties of city water for condensing purposes.

A tobacco humidifying and aging room, in
sulated with 4-inch cork, has an individual air- 
conditioning system designed to control a  dry-bulb 
temperature a t  any prescribed level from room 
temperature to 140° F. and to maintain any de
sired relative humidity up to 90 per cent.

An im portant and novel feature of the air- 
conditioning system is the development of air- 
conditioned fume hoods—th a t is, they are provided 
with a supply of air equivalent to about 90 per cent 
of the volume exhausted. Individual fans for both 
supply and exhaust for each hood are installed in 
the attic. The supply air enters through adjust
able grilles around the top and sides of the open
ing and acts as an air screen against the escape of 
vapors. Normally, the hoods would need to be 
supplied with conditioned air from the labora
tories, thus unbalancing the system. Since their 
requirement is approximately 35 per cent of the 
entire air-circulating capacity of the system, it 
would have been necessary to add a greater 
am ount of refrigeration to accommodate this ad
ditional load. Their practicability has been fully 
demonstrated by use.

Exteriors of the hoods are finished in baked 
acid-alkali resisting enamel of a color to blend with 
the laboratory walls. The interiors of the hoods 
are lined with heat-resistant glass with Monel trim. 

T itration assemblies are of special design, the 
frames being constructed of stainless steel. A t the back of the 
assembly is an opalescent glass lighted by fluorescent tubes 
which provide permanent uniform lighting of correct intensity, 
well adapted to reading burets and end points.

All pegboards over wash sinks are finished in light-colored 
acid-resisting enamel to  m atch the walls.

Distilled water tanks are concealed a t the ends of center 
tables under the reagent shelves. They are arranged for easy 

. removal for filling with only the cock exposed.
W aste receptacles of stainless steel are attached inside of 

swinging doors a t recesses and tables, wholly concealed but 
easy of access.

Service fixtures are of one special design to ensure uni
formity in appearance. All parts subject to  wear are easily 
replaced with stock parts. Fixtures for air, vacuum, and 
steam are fitted with throttling nuts to ensure ease of control. 
Hand wheels are of black Bakelite of two-piece sanitary type 
with the proper initial to identify the service.

Fluorescent tube lighting was selected because of its high 
degree of efficiency, especially im portant in an air-conditioned 
building. The average intensity of illumination in the labo
ratories is 35 foot-candles.
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DEPOSITION TIME CUT 25  TO 40%  BY SLOMIN 
ELECTROLYTIC ANALYZERS

N o  g e n e r a to r s  or r h e o s ta ts  re q u ire d  —  
o p e r a te  fro m  s ta n d a r d  A .C . c ir c u its

of analysis w ritte n  b y  G. W . Slom in is supp lied  w ith  each 
analyzer. H ow ever, ind iv idual copies o f th is  m anual 
are available a t  $1.00 each.

L ite ra tu re  on  R eq u es t
S-29460 Slomin Electrolytic Analyzer, One Position, 5 Ampere 
Model, with Healing Plate. For operation from llo  volt 60 cycle 
circuits. With manual of high speed electrolytic methods but 
without electrodes............................................................. 155.00

S-29462 Ditto. 
cuits..............

But for operation from 230 volts, 60 cycle cir- 
  160.00

The com bined effect o f electrode design, cu rren t ef
ficiency and th e  use of im proved  procedures reduce de
position tim e form erly  requ ired  by o ther system s as 
much as 25 to  40% . U nder these high speed conditions 
hard, sm ooth, b rig h t a n d  closely grained deposits th a t 
firmly adhere to  th e  electrodes are  produced, th u s  assur
ing good rep ro d u cib ility  of results. Users re p o rt an  
accuracy of 0.01 to  0 .04%  for rou tine  determ inations.
More th a n  400 S lom in analyzers are now in use.

Each m odel is p o rtab le  and  com pletely enclosed in a 
welded steel case finished in acid resis tan t baked w hite 
enamel. T h e  brushless m o to r is v ap o r tig h t and  is there
fore unaffected b y  corrosive fum es. M o to r m ountings 
and beaker p la tfo rm  are  stain less steel.

Botli have an  electrically  heated , rh eo sta t controlled 
beaker p la tform  for ad ju s tin g  s o l u t i o n  tem peratu res, an 
voltmeters an d  am m eters so th a t  detailed  stud ies can be 
made.

Each position  o f th e  tw o  place analyzer is a com plete 
circuit th a t  o p era tes  independen tly  of the o ther, c o n 
sequently th is  u n it can  be used for the  sim ultaneous 
determ ination of tw o sam ples having widely divergen 
characteristics.

A labo ra to ry  m an u a l o f high speed electro ly tic m ethods

E . H . S A R G E N T  & C O .
SC IEN TIFIC  LA BO R A TO R Y SUPPLIES

crrx>x?vrr CHICAGO, ILLINOIS
155-165 EAST SUPERIOR STREET

S-29465 Slomin Electrolytic Analyzer, Two Position, 5 Ampere 
Model, with Heating Plate. For operation from 115 volt, 60 cycle 
circuits. With manual of high speed electrolytic methods but 
without electrodes................................................................. 5 •
S-%9467 Ditto. But for operation from 230 volt, 60 cycle^cir-

.............................  285.00cults............................................................

H igh Speed E lectrodes For U se W ith  
S lom in  E lectro ly tic  A nalyzers

S-29632 Anode—Platinum, Gauze, Corrugated Form, High Speed,
(Patent Pending). Approximate weight, 8.9 grams. Current
capacity, 5 amperes..............................  Price subject to market.
9-99(772 C a th o d e — Platinum, Gauze, Corrugated Form, High Speed, 
(.Patent Pending). Approximate weight,1 0 .7  grams Current
capacity, 5 amperes..............................  Pnce subject to market.
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T he  A m e r i c a n  P la t in u m  W o r k
AVE. AT

wark,
iT'

S
N J. R R, A V E. AT OLIVER ST.

Newark, N.J.
EST- I >5*/) 1873

GOOCH CRUCIBLE—SHOWING PERFORATIONS—FIG. 14 IN OUR CATALOG El 7. MUNROE CRUCIBLE—SAME, WITH SUPERIMPOSED LAYER OF
PLATINUM SPONGE.

5° C DIFFERENTIAL SCA LE 9 INCHES LO N G  .01 ° C  DIVISIONS
Possessing features never before found in any similar in

strument, the new “ Philadelphia” Differential Thermometer 
combines one-hundredth degree accuracy with ease in reading 
and simplicity in setting.

Applications cover all the uses of the conventional Beckman 
thermometer—viscosity readings, calorimetric tests, determina
tion of freezing and boiling points—hundreds of applications in 
which the temperature reading is predictable within an interval 
of 5° C and concentrated accuracy is desirable within that 
interval.

By means of the setting scale, calibrated in 1° divisions, it 
is easy to measure the exact amount of mercury which must 
be added to, or drawn from the reading scale, for setting to the 
desired working temperature.

•  Can be set to any 5° interval between —35 and 300° C.
•  Lens-front yellow-back tubing magnifies the mercury column 
to a full width of enabling rapid reading.
•  Readings to .001° C can be estimated with the aid of a 
magnifying glass or thermometer reading lens.
•  Mercury reservoir is filled with dry, inert gas sealed under 
high pressure.
•  No glass insulating shell and no porcelain scale to shift.
•  Hump on tube (t1/ /  from bottom denotes immersion depth.
•  Corning glass, strain-proofed and annealed.
•  Overall length 20'. Packed in sturdy wood case.

★  AVAILABLE FROM YOUR USUAL 
LAB. SUPPLY DEALER

D D p j l  PRECISION SCIENTIFIC COMPANY
a /  Designers and Builders of Modem Laboratory E q u i p m e n t  

1730-54 NORTH SPRINGFIELD A VE.. CHICAGO. ILLINOIS. U. S. A.
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Identification of Sulfonic Acids
REAGENT— Benzyl-iso-thiourea Hydrochloride
METHOD —  Determination of melting points
REFERENCE— Chambers and Watt, J. Org. Chem., 6, 376 (1941)

nenzyl-iso-thiourea hydrochloride forms with aromatic sulfonic acids crys- 
^  talline derivatives, the melting points of which are useful for the iden
tification of the acids. The method is satisfactory for both mono- and 
di-sulfonic acids, if other functional groups are not present. Relatively 
impure acids may be used. Certain isomers also may be distinguished.

The advantages of the procedure are the rapidity of the operation, 
the ease of recovery of the acids, and the well-defined physical proper
ties of the salts. The reagent is available as a stock compound, as 
Eastman 212Jf. Benzyl-iso-thiourea Hydrochloride, M P 176-177°.

Write for an abstract of the article listed above; a table of the 
melting points of 3 \  sulfonic acids is included. . . . Eastman 
Kodak Company, Chemical Sales Division, Rochester, N. Y.

■KODAK.

' T h e r e  a r e  m o r e  t han  3 4 0 0 '

E A S T M A N  O R G A N I C  C H E M I C A L S

â  BETTER LABORATORY EOOIPMENT
f y i t t e e n  y e a s U -  o jf i n  C o m p le te -  f y n t t l  o j

KJELDAHL NITROGEN APPARATUS
/ ¡ f i d  / ¡ ¿ i o c . i c d e dGoldfisch Electric 

Heater

"L abconco" 
W ide Range 
Gas Burner

Has developed our superior equipment and a de
mand for its installation in the better laboratories.

m m

...

18 Flask Capacity Combination Di
gestion and Distillation Unit

6 Cap Goldfisch Extrae« 
tion Apparatus

i fJ

r iJ .

a!

6 Cap Crude Fiber 
Condenser

Titration
Table

A cid Dispensing 
Stand with Sink

C a ta lo g  a n d  L i# t  o f  Utter« on  I le q u e s t  m
J Your enquiry is invited. N o  trouble to submit proposals on L 
N your requirements and, of course, without obligation to you . J J

M A N U F A C T U R E D  A N D  S O L D  D IR ECT T O  T H E  USER BY

l a b o r a t o r y  CONSTRUCTION CO.,  INC.
11 1 3 -1 1 1 5  Holm es Street Kansas C itV' M issouri, U. S. A .



14 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 13, No. 9

COORS  
U. S. A .

Pi HY-linflMC co<’ 44 East 23rd St>w l l i i l  “ « I / J l I U l J  Inc. New York, N. Y.

u  C \ Y /  I  Centrifuge Cat. No. 111 1C 
I j L .  Y Y  . Just issued. W rite for a copy!

Coors P orcelain Co m p a n y
GOLDEN. COLORADO

C H E M I C A L  A N D  S C I E N T I F I C  P O R C E L A I N  W A R E

For the filtration of the elusive 
ammonium Phospho-Molybdate, 
the“ Yellow Precipitate” of Steel, 
Fertilizer, Ore and other labora
tories. WHATMAN Filter Paper 
No. 7 is now widely used and en
thusiastically endorsed.

The surface of No. 7 is suffi
ciently rough to reduce crawling 
to  a minimum, the porosity is 
correct for rapid filtration yet 
complete retentiveness, while 
No. 7, although strong, breaks 
up nicely for titrations. The 
price is low enough to allow the 
use of No. 7 in even the most 
closely budgeted laboratories.

If you are not using No. 7, try 
a box now; your dealer has stock 
or samples w ill be cheerfully 
supplied on request.

H. REEVE ANGEL & CO., INC. 
7-11 Spruce St., New York, N. Y.

Ample supplies of W H A T M A N  Filter Paper 

of a ll grades and sizes are available for 

immediate shipment from U. S. stocks.

For “Yellow Precipitate” 
Use WHATMAN No. 7 

• •

with underguard
N o . C f-1 0 5 5  
with six 15 ml. 
tubes loaded. 
(4 2 0 0  R. P. M .  on 
A .  C.)

ADAMS ANCLE CENTRIFUGES
Tubes are  suspended at a  fixed 52° angle. Faster sedimenta
tion is achieved by the shorter distance particles are  required 
to travel. W hen at rest, the tubes rem ain in  the angular 
position and  no stirring up  of sedim ent results.
CT-1000 ADAM S SENIOR SA rE TY -H E A D  CENTRIFUGE tor Si*
15 ml. TUBES, complete with six round bottom brass shields with rubber 
cushions and three each graduated and ungraduated taper bottom 15mL 
glass tubes. Without U n d e r g u a r d .......................................................... $52.50
S a m e  w ith o u t  s h ie ld s  or t u h e s .............................................................. $49.50
CT-1055 U N D E R G U A R D .......................................................................... $ 3.50
Above Centrifuges have 110 V Universal (AC and DC) motors. 220-volt 
Universal motors $2.00 extra.
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Food & Drag Adm.
American Can Co.
Erwin Wa*ey Co.
Wilson & Co.
Kenyon College 
Quaker Oats Co

A s k  f o r  B u l l e t i n  2 0 4 I E .

Alaska Fisheries 
G erber Products Co. 
Ohio Agr. Exp. Sta.
E. A. Siebel & Co. 
Allied Mills 
J. Morrell & Co.
Du Pont De Nemours 
U. S. Q. M. Corps 
Loyola Univ. (2) 
Continental Can Co. 
Cornell Univ.
S. W. La. Inst.
Pabst Brewing Co. (2) 
Okla. A. & M College

Univ. Wisconsin (6)
111. Public Serv Co. 
Youngstown Sheet & T. Co. 
Univ. Illinois 
Fairmont Creamery Co. 
Univ. Puerto Rico 
Hiram Walker & Sons 
Univ. Minnesota (4)
Amer. Inst. Meat Packers 
Univ. Nebraska (3) 
Medico-Pharm. Research 
Brigham Young Univ. 
Maple Leaf Milling Co. 
Beech-Nut Packing Co.

W h e th e r  you want it for etching and frost
ing electric ligh t bulbs or other glass products, or 
for pickling stainless steels or other m etals, or for 
bleaching straw . . .  or for any other o f  many indus
trial uses . . . you’ll find that it pays to specif) hydro
fluoric acid m ade by Pennsylvania Salt.

This hydrofluoric acid w ill m eet your m ost exact
ing requirem ents. It is  available in  five strengths for 
domestic users — 309c, 48%, 52%, 60% and 80%. 
For export, there is  71-75%  acid. Shipm ent is in  13 
gallon rubber drum s for strengths up to and includ
ing 52%. 71% to 80% arc packed in  20  and 55  gal
lon steel containers. 60% is packed in both rubber 

and steel containers.

For full inform ation as to possib le applications in  
your plant, write to Pennsylvania Salt Manufacturing 

Co., W idener B ldg., Philadelphia, Pa.
New York • Chicago • St. Louis • Pitts- V j K /
l \a a  /
burgh • Wyandotte • Tacom a. V— '

V ITAMIN A, in fish oils, seem s to 
be of particular interest to many. 

Turn the ONE wave band selector 
knob to 328 millimicrons and the 
Coleman is READY!
But that's just ONE of the things the 
Coleman U N I V E R S A L  can do. 
Available for the asking, "Vitamin A  
Notes” describes the use of the 
C olem an for this rather d e lica te  
measurement.
Bi and B2 by fluorescence, have been  
simplified. GLASSWARE is carried, 
in stock for all the newer methods, 
including General Mills ” 10 minutes 
per sample” and Conner & Straub s 
"Combination Bi and B2 methods.

The Coleman UNIVERSAL has proven 
itself a CHEMIST'S to o l. . .  for BOTH 
Colorimetric & Fluorometric technics.



16 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

“PRECISION”
Vol. 13, No. 9

C E N T R I C O N E

ANGLE-HEAD CENTRIFUGE

P A R R  I N S T R U M E N T S

S A FE . Shield beneath 
head safeguards against fin
gers getting caught or being 
struck by whirling tubes.

“ 7t NG L E ” c en tr ifu g in g , fa ster  th a n  th e  c o n v en tio n a l
X l  cen tr ifu g e  and  severa l h u n d red  t im e s  sp eed ier  th a n  

te d io u s  f iltra tio n s , h a s proven  i t s  w o rth  in  c lin ic a l labs, 
p h y sio lo g ica l c h e m is try , m icro  a n d  se m i-m ic ro  ch e m is try ,  
b io -c h e m is try  —  a n d  h a s  ga in ed  w ide  a d o p tio n  for q u a lita 
tive  a n a ly s is  in  co llege  c h em istry .

N ow , in  CENTRICONE, P recisio n  offers several n o ta b le  
im p ro v em en ts  w o rth y  of c lo se  in sp ec t io n  . . .

Fast A cce le ratin g, O ver-Size 
Motor. Brushless induction-type 
with grease-packed ball bearings, 
fully enclosed to shut out dust and 
fumes. No lubrication necessary.
High starting torque. Reaches maxi
mum speed of 1700 R.P.M. in only 10 
seconds. Other angle-type centri
fuges take 30 to 40 seconds.

Rem ovable, Interchangeable 
Tube Holders. Micro-Semi-Micro 
model takes a choice of four different 
types to accommodate nine sizes of 
tubes, from */, ml. capacity to V, x 4". 
w ithou t c h a n g in g  the  head . Tube 
holders can be slipped out, easily 
cleaned, replaced.

Safety Sh ield . Tubes are fully 
enclosed by a shield concealed be
neath the head. It's impossible for 
the operator's fingers to get in the way 
of the whirling tubes, or to be caught 
between the head and housing.
CEN TR IC O N E, C lin ic a l. 4-tube 
cap acity , with four 15 ml. tube hold
ers. Base 10' O.D. Total height 
7»//. For 115 volts 5Q
50-60 cycles A .C ... *  O  T C « —
CEN TR IC O N E, M icro or Sem i- 
M icro. 6 - tube cap acity. In
cludes 6 tube holders, choice of 4 
different types listed below. For 115 
volts 50-60 cycles $ ^ 4  5 0

TU B E H O LD E R S, P E R  P A IR  $1.50 
Note that same holder takes more 
than one size.

PO W ERFU L. Oversize 
motor, with high starting 
torque, attains speed of 1700 
R.P.M. in 10 seconds.

IP i I lH ( S 3 i ) 2 ® S ^  SCIENTIFIC CO
1730-54 NORTH SPRINGflELD AVENUE, CHICAGO, ILLINOIS, V. S. A.

F L E X IB L E . Micro-Semi- 
Micro model takes 4 sizes of 
tube holders, to accommo
date 9 sizes of tubes.

7385
7385

13 x 105 
13 x 100

(5 ml. tapered) 
('/?  x 4*5

7386
738S

13 x 75 
13 x 63

(V* X 3 ')  
(V* x 2»/«')

7387
7387

11 x 75 
10 x 75

(3 ml. tapered) 
(*/• x 3 ')

7389
7389
7389

10 x 62 
6 x 60 
5 x 60

(2 ml. tapered) 
(1 ml. tapered) 
(l/ i  ml. tapered)

T h e  im proved  D en n is  M eltin g  P o in t  A p p aratu s is 
su ita b le  for th e  rapid  te s t in g  of a n y  m a ter ia l w h ich  
ex h ib its  a sh arp  m e lt in g  p o in t  b e tw een  ro o m  te m 
peratu re  a n d  200°C. It w ill be  fo u n d  u se fu l in  re
search , co n tr o l te s ts , a n a ly se s  an d  o th er  w ork where  
freq u en t m e lt in g  p o in t  d e te r m in a tio n s  are m a d e . It 
is  cap ab le  o f g iv in g  r e su lts  w ith  a n  accu ra cy  eq u iva
le n t  to  th a t  o f o th er  stan d ard  m e th o d s  a n d , for  those  
m a ter ia ls  w h ich  ten d  to  d eco m p o se  before th e ir  m e lt 
in g  te m p er a tu r e  is rea ch ed , th e  ra p id ity  o f th is  
m e th o d  p e r m its  even  greater  accu ra cy  th a n  is pos
sib le  w ith  slow er te s ts .

O b ta in  B u lle t in  E-69 fro m  your  dealer  in  laboratory  
su p p lie s  or w r ite  d irec t to :

P A R R I N S T R U M E N T
C O M P A N Y  • M o l i n e ,  111.

LUMETRON
PHOTOELECTRIC COLORIMETER 
ABRIDGED SPECTROPHOTOMETER 
FLUORESCENCE METER

A  high-precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION 
FLUORESCENCE 
TURBIDITY 
U .V . ABSORPTION

LU M ETR O N  Mod. 402 EF 
for Fluorescence Measurement]

Full cooperation regarding colorimetric procedures. 
Submit your samples. W rite for literature.

PHOTOVOLT CORPORATION
95 Madison A ve . New York City
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N o w !  A

. .. Perfect Emulsions 
Instantly !

H O M O G E N I Z E R !

Above— with Hand Homogenizer 
Bdow— with mortar and pestU

No cmulsion-failurcs with the 
Hand Homogenizer — no time 

wasted re-doing— provided the ingredient ratio 
is sound. One easy stroke of the hand-Iover 
applies pressure up to 600 lbs.; instantly ejects 
a je t  of completely emulsified liquid. Provides 
permanent suspension. Note in photos a t left, 
fine degree of dispersion secured (above) com
pared with coarseness of same mixture emulsi
fied with m ortar and pestle (below). H un
dreds of laboratories find the H and Homo
genizer an invaluable convenience and time
sa ver. Portable, easy to operate and clean, 
strongly built of molded aluminum, with stain
less steel piston. 10V* high, 12 oz. bowl. 
Only $6.50 complete— order direct or from your 
laboratory supply house (satisfaction guaran
teed)— or write for further details.

International Emulsifiers, Inc.
Dept. C14, 2409 Surrey Court, Chicago, III.

h a n d  H o m o g e n i z e r .
IT'S PETERSO N  FOR QUALITY

In Modern Laboratory Furniture

I N D U S T R I A L  L A B O R A T O R Y  
T A B L E  6 6 1 0

Over 50  Years '  
E x p e r i e n c e  I s  B u i l t  Into It

Y es, for  m o re  th a n  h a lf a cen tu ry , P eterson  
L aboratory P u rn itu re  h a s  b een  g iv in g  o u ts ta n d 
in g  sa t is fa c t io n . Every u ser  o f laboratory fu rn i
tu re  sh o u ld  have a  co p y  of P eterso n ’s co m p lete  
c a ta lo g  h a n d y .

Our sta ff  o f experts w ill, u p o n  req u est, g lad ly  
a ss is t  in  th e  p la n n in g  of m ore e ffic ien t laboratory  
a rra n g em en t. T here is  n o  charge for th is  service.

I
 S e n d  t o d a y  f o r  P e t e r s o n ’s  F u r n i t u r e  C a t a lo g ,  
c o n t a i n i n g  m u c h  v a l u a b l e  i n f o r m a t i o n  r e 
g a r d i n g  t h e  e f f i c i e n t  a n d  e c o n o m i c a l  i n s t a l l a 
t i o n  o f  l a b o r a t o r y  f u r n i t u r e .  I t  i s  f r e e .

LEONARD PETERSON & CO., INC. 
1222-34 F u lle r to n . A ve. C h ic a g o , U . S . A.

K l e t t . . . .
Photometers

l U K U t
fylu& U *neie> i

No. 2071

D e s i g n e d  fo r  t h e  
rapid and  accu rate  
d e t e r m i n a t i o n  of 
th ia m in , riboflavin, an d  o th er  su b sta n ces  w h ich  
fluoresce in  so lu tio n . T he se n s it iv ity  a n d  s t a 
b ility  are su ch  th a t  i t  h a s  b een  fo u n d  p a r ticu 
larly u se fu l in  d e term in in g  very sm a ll a m o u n ts  
of th ese  su b sta n ces.

T o fu rth er  increase it s  a d a p ta b ility  a  separate  
c ircu it and  sca le  is  provided for co lo r im etr ic

i n  r t n  r t

K .le it- £ u m m e A 4 ja n

PUatoelecbUc 
Q la li C e ll 

Q oloAttnei& i

■

No. 900-3

For th e  varied  n eed s o f in d u str ia l, c lin ica l  
and a g r icu ltu ra l lab oratories . C om p lete  
and se lf co n ta in ed  —  n o  accessory  e q u ip 
m e n t necessary . F u sed  c e lls  for read in gs  
on  so lu tio n  d ep th s o f 2 .5, 10, 20, and  40 m m . 
S elective  l ig h t  filters availab le .
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A  atu! A NEW IMPROVED

DIFFERENTIAL THERMOMETER

5C° DIFFERENTIAL SCALE 9 IN C H E S  L O N G  .01 °C DIVISIONS

Possessing features never before found in any similar in
strument, the new “Philadelphia” Differential Thermometer 
combines one-hundredth degree accuracy with ease in reading 
and simplicity in setting.

Applications cover all the uses of the conventional Beckmann 
thermometer — viscosity readings, calorimetric tests, deter
mination of freezing and boiling points — hundreds of appli
cations in which the temperature reading is predictable within 
an interval of 5° C and concentrated accuracy is desirable 
within that interval.

B y means of the setting scale, calibrated in 1° divisions, it 
is easy to measure the exact amount of mercury which must 
be added to, or drawn from the reading scale, for setting to 
the desired working temperature.

CHECK THESE FEATURES
•  Can be set to any 5° interval between —35 and 300° C.
0  Lens-front yellow-back tubing magnifies the mercury column 

to a full width of }/&', enabling rapid reading.
•  Beadings to .001° C  can be estimated with the aid of a 

magnifying glass or thermometer reading lens.
•  Mercury reservoir is filled with dry, inert gas sealed under 

high pressure.
•  No glass insulating shell and no porcelain scale to shift.
•  Hump on tube ( ’ from bottom denotes immersion depth.
•  Corning glass, strain-proofed and annealed.
•  Overall length 20', Packed in sturdy wood case. ‘

ORDER YOURS TODAY!
 ★ --------------

A T T R A C T I V E  • A C C U R A T E  • D U R A B L E

"SEC RO N "
36 H our M o vem en t S to p w a tc h

Compares favorably with most 
§20 stopwatches. ’ Integrating 
hand registers total time elapsed 
up to 60 minutes. Large legible 
dial can be easily read at arm’s 
length.
Now offered at this unusual low- 
price . . . less than the cost of 
most Stopwatch re
pair jobs. Order 
yours today. . . . $5.00

if 55« 5
50/c \ ) 0
45(U

SECflOH' 4 0 \ /20
I 35 Jo 25

J.

A. DAIGGER & CO.
L aboratory A p p a ra tu s  a n d  C hem icals  

159 WEST HINZIE STREET • CHICAGO

N e u i  - J ltu u  Q a i t

I NDI CA T I NG
PYROMETER

In Laboratory Stand

. . . Fully and automatically corrected for am
bient temperature from —15 to + 1 1 0 °  F.

. . . Medium resistance system  with perma
nently aged magnet, sapphire jewels, and 
specially hardened pivots.

. . .  S ix-foot lead  w ire p e rm its  m o st conven 
ie n t lo ca tio n  o f  th e  p y ro m e te r  in d ica to r.

The pyrometer is housed in a black metal case with 5}4 ' 
flange diameter. The laboratory stand is of metal, with 
gray crackle finish, and measures 4 % ' in height, 4 ' in width, 
and 4 ' in base depth. A sloping panel makes close reading 
easy. In  the back of the housing is a hole for anchoring.

Two ranges of the 2.57-inch scale are standard, namely, 
0-650° F. or 0—2000° F. The 650 range has 10° divisions 
and changes of 2J/i° can be detected. On the 2000° F. 
instrument, divisions are 50° F., and change can be esti
mated to 12J/£°.

The 2000° F. range has 12-inch chromel-alumel thermo
couple, insulated with 2-hole refractory insulators to fit Y\ 
inch openings. With the 650° F. range the 12-inch thermo
couple is asbestos insulated, coated with fireproof paint. 
Both models have a 6-ft. compensating lead of stranded wire, 
each conductor insulated with felted asbestos, pair covered 
with cotton braid impregnated to withstand moisture, oil, and 
flame.

19780— IN D IC A T IN G  P Y R O M E T E ll. In Laboratory 
Stand Mounting. With thermocouple and lead.
Scale range, 0 to.............................  650° F._____2000° F.
E a c h ..............................................  25.00 25.00

W I L L C O R P O R A T I O N  

R O C H E S T E R ,  N. Y.
Office and Warchouscs

W ill Corporation, 596 Broadway, New Yo rk  C ity  
Buffalo Apparatus Corp ., Buffalo, N. Y .
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BURRELL TECHNICAL SUPPLY COMPANY
1936-42 FIFTH AVENUE « « « « « <  * «  * c PITTSBURGH, PA. U.S.A.

/ jT H E R  angle-type centri- 
fuges may look like CEN- 

TRICONE, but none approach 
>t for structural excellence— 
its ability to stand the gaff of 
continuous duty—its operating 
speed and flexibility. Clinical 
model takes four 15 ml. tubes. 
Micro-Semi-Micro model in
cludes a choice of four different 
sizes of tube holders, which will 
accommodate nine sizes of 
tubes. E ith e r  ^
model,for 115 volts S Q / I ^ O  
50-60 cycles A.C.

. . .  /I b ra n d -n e w  a d d i t io n  to  
th e  e ver-g ro w in g  f a m i l y  o f  
“ P re c is io n ” p r o d u c ts  f o r  th e  
la b o ra to ry , b u i l t  b y  a p p a ra tu s  
e n g in e e r in g  e x p e r ts ,  so ld  b y  
a ll  lea d in g  lab  s u p p ly  dea lers .

NOTABLE FEATURES
1. Safety shield beneath head.
2. Interchangeable tube holders.
3 .  M a x im u m  s p ee d  in  10  sec o n d s .

4. Over-size motor.
5. Cast iron housing.
6. Motor fully enclosed.
7. Grease-packed ball bearings.

S e n d  fo r  B u lle tin

3 ? S l H ( S 2 i ) 2 ® S ^  S C I E N T I F I C  CO
1730-54 NORTH S P lU N G m tS  AVENUE, CHICAGO, ILLINOIS, U. I .  A.

M  e I I a n * s 
O r g a n i c  R e a g e n t s  In 
I n o r g a n i c  A n a l y s i s
This new book is a pioneer in presenting a practical and 

intelligible account of the far reaching and important ad
vances that have been made in the use of organic reagents. 
Methods are presented in a genuinely usable way for the 
industrial chemist and the research worker. Wherever 
possible, the limitations of the test are given. Interfering 
substances are listed and instructions are given for the elimi
nation of these interferences.

A ll organic reagents are described. These reagents, 
their reactive groupings, and the resulting compounds 
formed, are demonstrated graphically. This book shows 
the relationship between many substances which heretofore 
has not been known.

About 225 organic reagents are described with a dis
cussion of their function as reagents in inorganic analysis.

About 580 graphical formulas, showing the structure of 
organic reagents, their reactive groupings, and the metal 
organic complexes formed are given.

About 230 qualitative and spot tests and about 240 quan
titative tests (colorimetric, gravimetric, and volumetric) are 
included.

A very useful and up to date bibliography is included.
B y  Ib e r t M e lla n , P h.G ., M .Sc., F .A .I.C .

682 Pages $9.00 (July 1941)

THE BLAKISTON COMPANY
Philadelphia, Penna.

"P re c is io n "

C EN TR IC O N E

— t a  ¿ f i e e d  u p  

U e a t U t c f ,  t e A ii  jp s i  

t h e  n a t i o s t a i  d e -

Enjoy the convenience of having 
a furnace in your laboratory 
capable of producing tempera
tures up to 2550° F. One new  
unit will take care of a wide 
variety of heating operations.
Prices begin at $195. Ask for 
new Burrell Catalog 241.
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When Chemical Purity is a MUST
♦ ♦ ♦ YOU CAN RELY ON B & A REAGENT C H E M IC A L S

To carry out chemical analyses with 

confidence you must know your reagents 

are dependable . . . that you can rely 

on their being of uniform high purity 

and quality.

With B & A  bottles on your reagent 

shelf, there is no need to question the 

strict compliance of their contents with 

the best analytical standards.

Baker & Adamson’s long experience 

in the field of chemical reagents, their 

strict manufacturing standards, and the 

constant development and use of ad

vanced production techniques, have 

made the B & A  trademark a symbol of 

purity throughout the chemical world.

“ When purity is a m ust ’’’— you can 

rely on B & A  Reagents.

S E T T I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2

Ba k e r  ^ A d a m so n
D i v i s i o n  o f  G E N E R A L  C H E M I C A L  C O M P A N Y ,  4 0  R e c to r  St.,  N e w  Y ork

Sales O f f  ices : A tlan ta  • B altim ore • Boston • B ridgeport (Conn.) • Buffalo • C harlo tte (N . C.) • Chicago
Cleveland • Denver • D etro it • H ouston • K ansas City • M ilwaukee • M inneapolis • N ew ark  ( N . J . )  • N e w  York 

Philadelphia • P ittsb u rg h  • Providence (R . I .)  • S t. Louis • U tica  (N . Y .)
Pacific  Coast Sales O ffices : S an  F rancisco  • Los Angeles 

Pacific N orthw est Sales O ffic e s : W enatchee (W ash.) • Y akim a (W ash.)
----------------------- In  Canada: T he Nichols Chemical Company, L im ited • M ontreal • Toronto • V ancouver -------------- --------

C A & h ic c a I s
A N  D

e .P A c d s


