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MEASURE ABSORPTION PRECISELY
— with the new precision fused glass cells made in 

Central Scientific Company's own optical shop

A Battery o f No. 12336A Cenco Fused Absorption Cells shown w ith  the Cenco-Sheard-Sanford “ Phote lom etcr.”

Precision measurements in absorption photometry mean quicker and better analyses. Cenco Fused Cells with “Pyrex” brand glass windows are precision made for exacting requirements. The latest cell is rectangular in shape having a capacity of about 12 ml with windows ground and polished flat to within a few wave lengths. As carried in stock it has an inside thickness of 1 cm ±  0.005 cm. For the great majority of applications in

which the 1 cm absorption path needs to be maintained at =b V2%, any of the stock cells are adequate. The rectangular shape facilitates cleaning. The size with cover is: height, 44 cm and width, 42 cm. The cell is identified by Catalog Number 12336A and is furnished with a glass plate cover for $5.00.
We solicit your inquiries for similar cells of other dimensions.

C H IC A G O

1700 Irving Park 
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S C I E N T I F I C
INSTRUMENTS

New York • Boston •

■REG.liaPAT..Of£

C H I C A G O .

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

B O STO N

79 Amherst St. 
Cambridge A  
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New processes of dehydration pro

vide ju s t one illustration of the vital 

importance of the chemical laboratory in  

the  world-w ide p ro b lem  o f food supp ly .

KIMBLE LABORATORY GLASSWARE
fills requirements of today’s research workers 

in  m any essential professions and industries. 

Consult leading laboratory supply houses 

th ro u g h o u t  the  U n ite d  S tates and  

Canada for K im ble products to serve 

your own needs.

Û M

17030 ST

The Chemist 
is Today’s 
Crusader 
Against 
Short 

Rations

An Item 
From the Comprehensive 

KIMBLE LINE

17030 ST Burette, Blue Line 

<■»««>. Retested, w ith  ip 

stopcock.

Capacity Subdivision Stopcock
ml. ml. Size Each
10 1/20 2 $1.75

25 1/10 2 1.75

50 1/10 2 1.75

100 1/5 2 2.53

For q u an tity  prices, and  

for details a bo u t K im b le  

burettes o f a ll types and  

for a ll purposes, consu lt 

your dealer.



C o r n i n g
----- means------
Research in Glass

P Y R E X BRAND L A B O R A T O R Y  W A R E
"P Y R iX ”  and " VYCOR”  are registered trade-marks and indicate 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 E W  Y O R K

In  1915, “ P y r e x ”  brand Laboratory Glassware was 

announced. Less than 150 items were listed but, through 

Corning Research, America was on its way to independ

ence from foreign sources of supply.

IN 1943— THREE LINES

(PYREX)

Re

C O R N I N G
Pat pat

More than 

2700 items

World W arll— and America’s laboratories are prepared! 

In  the past quarter of a century, America’s chemists

and scientists have contributed to our chemical inde

pendence. And Corning Research in Glass has helped 

to make us independent in laboratory glassware.

Today, in Catalog LP21, are listed more than 2700 

laboratory glassware items. They provide laboratory 

technicians with the equipment for more accurate, fast

er, and better work. The availability of a few specific 

items may be affected by the wrar effort. Consult your 

laboratory supply dealer.

Here are the tools to help1 speed the laboratories of 

America and its Allies on their way to Victory. Corning 

Research will continue to serve in peace as in wrar, and 

to contribute to higher standards of performance.

Vol. 15, No. 1

★ At the outbreak of World War I, 

America was largely dependent on Europe 

for many of the tools of science— dyes, 

chemicals, and laboratory glassware.
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H E V I  D U T Y  E L E C T R I C  C O M P A N Y
.T R A D E  M A R K

LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY
REG. U. S. PAT. OFF.

M I L W A U K E E ,  W I S C O N S I N

Multiple Unit Muffle Furnaces— 4 standard «lies—  
with detached rheostat.

Multiple Unit Hot Plates— 3 heats— 7 standard sixes.

Multiple Unit Muffle Furnaces with built-in rheostat 
— 3 standard sixes.

Multiple Unit Solid Combustion Tube Furnaces— 10 
standard sizes.

Multiple Unit Muffle Furnaces —  with controlling 
pyrometer.

Multiple Unit Organic Combustion Furnace.

Multiple Unit Muffle Furnaces with transformer and 
rheostat— 2 standard sixes.

Multiple Unit Crucible Furnaces— 5 standard sixes.

A sk yo u r l a b o ra t o ry  supp ly  d e a le r  o r  send f o r  la b o r a t o r y  fu rn a ce  bu l le t in s .
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When Ordering Sodium Hydroxide, 
Specify Baker & Adamson CHIP

Reagent ACS Grade Code 2249

1 and 5 lb. bottles • 10 and 25 lb. cans

For Industrial Applications: 100 and 400 lb. drums

Also: U.S.P. Grade Code 2251

1 and 5 lb. bottles •  10 and 25 lb. cans
100 and 450 lb. drums

W R ITE T O D A Y  F O R  PR IC E S  ON T H E  NEW  CHIP G R A D E S !

OF ALL reagent chemicals used by industrial, col

lege and independent research laboratories—Sodium 

Hydroxide is among those most frequently em

ployed. However, it has not always been available 

in a physical form which provides the greatest con

venience in use. Baker & Adamson Sodium Hydrox

ide Chip, available in both Reagent A.C.S. and 

U.S.P. Grades, wras especially developed to over

come this difficulty. Study the many advantages this 

new form offers—then order it for your laboratory!

LOOK AT THESE  IMPORTANT ADVANTAGES

-> Economically advantageous to use.

—> Unusually convenient to weigh and handle.

particle size. Practical! Convenient! 

Can be readily ground to powder form. 

Fuses readily with other chemicals.

Ba k e r  ^  A d a m so n
Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York C .V A c d s
Technical Service Offices: Atlanta • Baltimore • Boston • Bridgeport (Conn.) • Buffalo • Charlotte (N. C.} 
Chicago • Cleveland • Denver • Detroit • Houston • Kansas City • Milwaukee • Minneapolis 

New York • Philadelphia • Pittsburgh • Providence (R. I.) • St. Louis • Utica (N. Y.)
Pacific Coast Technical Service Offices: San Francisco • Los Angeles 

Pacific Northwest Technical Service Offices: Wenatchee (Wash.) • Yakima (Wash.)
In Canada: The Nichols Chemical Company, Limited • Montreal • Toronto • Vancouver
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ELECTRIC HEAT TREATING FURNACES •  •  HEATING ELEMENT ALLOYS » •  THERMOCOUPLE AND 

LEAD WIRE .  .  PYROMETERS .  .  WELDING WIRE .  .  HEAT RESISTANT CASTINGS •  .  ENAMELING 

FIXTURES •  •  SPARK PLUG ELECTRODE WIRE •  .  SPECIAL ALLOYS OF NICKEL .  •  PROTECTION TU8E5

FH-204 Muffle 

Furnace
For hard labo
ratory service; 
heavy hair-pin 
units, very dur
able and easy 
to renew; 31 
c o n t r o l  s te p 3  
t h r o u g h  t r a n s 
former; 2000° F.; 
useful for light 
heat-treating.

Here is a showing of Hoskins Electric 

Laboratory Furnaces and Hot Plates, all 

of them equipped with Chromel ele

ments that have very fine durability and 

easy replacement. We have been mak

ing them for 35 years, and they are 

accepted as standard in practically 

every laboratory. Write to your dealer 

or to us.

Hoskins Manufacturing Co., Detroit, Mich.

FH-303-A Combustion Furnace

Helical unit, 7 Ga. 
wire; transformer 
and rheostat con
trol; 2000° F.; case 
7 '  d ia .; surface tem- 
perature  120° F. 
lower than with 6" 
case ; 1 8 %  less 
power; durable and 
economical.

FD-204 Muffle Furnace
Operates on line voltage; rheostatic temperature 
control; small dial pyrometer (optional) for 
approximate temperature measurement. Chromel 
unit is wound around a grooved muffle. Top 
temperature around 1800° F.

High Temperature Combustions FR-234 Combustion Furnace FD-303-A Combustion Furnace

Helical coiled 
u n it  w rapped 
around grooved 
tube; rheostatic 
control at line 
voltage; 1800° 
F.;case, 7'd ia.; 
uses 13% less 
pow er t h a n  
with 6' case, 
150° F. cooler.

Handles four 
com bustions  ; 
Chromel rib- 
b o n u n i t s ;  
t r a n s f o r m e r  
control; circu
la t in g  w ater 
and wicks keep 
tube ends cool.

FHS-304 carbon 
combustion fur
nace, equipped 
with No. 10 Alloy 
coiled unit; 2300- 
2400° F., con-
trolled by selec
tive transformer.

FD-104 Crucible Furnace FH-104 Crucible Furnace Dual High Temperature Combustions

FHS-232 carbon 
combustion fur
nace equ ipped  
with No. 10 Alloy 
units, good for 
2300° F.; selec
tive transformer 
control; two com
bustions at one 
time.

H e a t in g  cham b e r, 
5 ' x 5'; line voltage; 
rheosta tic  contro l; 
1800° F.; useful for 
melting small experi
mental batches of 
metal.

Chamber, 4 ' x 4'; 
rheostat and trans
form er con tro l; 
2000° F.; heavy
he lic a l C hrom e l 
unit; same uses as 
furnace at left.

Type FA-120 

Fieldner Furnace
Diameter, 6 inches; spiral Chromel unit; even 
heat distribution; 900° F.; has 6' cord; draws 
500 watts.

Low heat 475° F.; medium heat 600° F.; high 
heat 750° F., controlled through a snap switch; 
uniform heat distribution. Full load 1.8 K .W .

Used for determining 
volatile content of coal. 
Line voltage, rheostatic 
control; Chromel sling 
for crucible; open top

HOSKINS PRODUCTS
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S E R F A S S  
E L E C T R O N  RAY T I T R A T I O N  

A S S E M B L Y
FOR THE  

D ETERM INATIO N  
OF ENDPOINTS  

IN GENERAL 
O X ID A TIO N . 
REDUCTION  
REACTIONS

4937.

ELECTRON RAY TITRATION ASSEMBLY, 
Serfass. The outfit operates directly from 
either a.c. or d.c. supply systems on a simple 
electronic circuit designed by Dr. Earl J. Serfass, 
of Lehigh University. See Industrial and Engi
neering Chemistry, Anal. Ed., Vol. 12, No. 9 
CSeptember 15th, 1940), p. 586. The amplified 
potential differences originating between the electrode
solution interface are transmitted to the electron ray tube 
which indicates endpoints instantaneously by a change in 
the size of the wedge-shaped shadow which appears on the 
circular fluorescent target within the tube. The endpoint 
occurs when the largest permanent change in shadow angle 
takes place per drop of titrant added.

The control unit consists of a compact vacuum tube 
voltmeter with voltage regulator and connections ior 
power supply, electron ray tube, electrodes and stirring 
motor. On the panel are dials for variation of sensitivity 
and control of the ray position and switches for connection 
with power supply and stirring motor and for control of 
the polarizing current. The electron ray tube is mounted 
in a separate housing with adjustable clamp for attach
ment to the vertical rod of a support stand for convenient 
observation of endpoints as indicated by the opening and 
closing of the “eye.”

The outfit utilizes the self-polarizing platinum-tungsten 
electrode system and is suitable for use with platinum- 
nickel, calomel-platinum or polarized platinum-platinum 
electrode systems, but is not adapted for titrations re
quiring the glass electrode.

Particularly suitable for:
The direct determination of chromium and vanadium in steel.
The determination of chromium in chrome tanned leather and in  chrome tanning liquors.
General potentiometric titrations involving potassium dichromate, iodine, permanganate, eerie sulphate, ferrous sulphate, sodium thio- 

sulpnate and ferrocyanide.
Lim ited applications to acid-base and precipitation titrations, but not adapted for pH  determinations.

Advantages:
Simplicity of operation. Turbidity and color do not affect accuracy.
The usual delicate indicating meter 13 replaced by the electron ray tube which indicates continuously without the annoyance of key tapping. 
Line operation eliminates the inherent disadvantages of battery operation.
A voltage regulator stabilizes the instrument against a.c. line fluctuations.
Sensitivity is continuously variable, with full 100° shadow angle change in the "magic eye” with as little as 50 millivolts change in poten

tial.
The control unit supplies polarizing current when required for polarizing mono-metallic electrodes.
The electrical un it is placed to one side of the titration stand and is therefore not subject to corrosion from the sample.

4937. Electron Ray Titration Assembly, Serfass, as above described, complete assembly as shown in illustration, con
sisting of control unit with electron ray tube in separate housing with adjustable clamp for attachment to support 
rod, titration stand complete with base and swinging shelf of Coors porcelain, paired burettes, clamps, platinum 
and tungsten electrodes with holder, and stirring apparatus with motor for 115 volts, 60 cycles, single phase a.c. 
With detailed directions for use including step by step procedures for typical titrations and preparation of 
standard solutions............................................................................................................................................ 85.00

4937-F. Control Unit, Serfass, only, as included in above outfit, with electron ray tube in separate cylindrical housing 
with adjustable clamp for attachment to support rod. For 115 volts, 60 cycles, a.c..................................... 40.00
N OT E —  Control Unit can be supplied for use on 220 volts a.o. and for 115 or 230 volts a.c./d.o. Prices on request.

More detailed information sent upon request.

ARTHUR H. THOMAS COMPANY
RETAIL — WHOLESALE — EXPORT

LABORATORY APPARATUS AND REAGENTS
WEST W ASHINGTON SQUARE, PHILADELPHIA, U. S. A.
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Quantitative Spectral Analysis of Fats
J. H. M ITCHELL, J r ., H. R . KRAYBILL, an d  F. P. ZSCIIEILE

Research Laboratory, American Meat Institute, University of Chicago, Chicago, III., and Purdue University Agricultural
Experiment Station, Lafayette, Ind.

THE Kaufmann (6) method of analysis for oleic, linoleic, 
and linolenic acids in some fats is based on determinations 
of the iodine number, thiocyanogen number, and saturated 
acid content of the mixed fatty acids. The analysis for the 

saturated acids alone involves an iodine number determina
tion of the separated “solid” acids and, depending upon the 
method used, may also involve a thiocyanogen number deter
mination in order to correct for the unsaturated acids which 
are not completely separated from the solid acids.

Until recently, analyses of fats made by the Kaufmann 
method were in error, because theoretical values were used 
for the thiocyanogen numbers of linoleic and linolenic acids. 
Waterman et al. (15), Riemenschneider and Wheeler (12), and 
Kass et al. (3, 4), however, found the values for linoleic and 
linolenic acids to be empirical. Although thiocyanogen num
bers are reliable when determined under carefully controlled 
conditions, it is desirable to have a more direct method for 
analysis of the linoleic and linolenic acid content of fats.

Prolonged heating of fats during saponification has been 
observed by Moore (9) to cause nonconjugated double bonds 
in fatty acids to become conjugated and thereby to absorb 
radiation in the ultraviolet region. Kass et al. (5) and Miller and 
Burr (7) reported that it is possible to measure quantitatively, 
by spectral absorption, the amount of linoleic acid in vege
table oils after heating them with a 1 to 4 solution of potassium 
hydroxide in ethylene glycol. The acids affected by this 
treatment are the unsaturated ones containing more than one 
double bond. In many fats the unsaturated acids consist 
chiefly of oleic, linoleic, and linolenic acids.

Isomerization by alkali has been studied and made the 
basis for the method of analysis described in this paper.

Experimental Procedure

The absorption data were obtained from measurements made 
with a photoelectric spectrophotometer (2, 8), employing a Hilger 
double monochromator with crystal quartz optics. As a source 
of ultraviolet radiation, a Munch (10) hydrogen discharge tube 
with a fused quartz window was used. In the discussion of the 
results, the term “specific alpha” will be used:

,  h  
logio j

Specific a = — —

where a — absorption coefficient
I d = intensity of radiation transmitted by the solvent 
I  = intensity of radiation transmitted by the solution 
c = concentration of solute in grams per 1000 ml.
I = length in centimeters of solution through which the 

radiation passes

The first procedure tried in carrying out the isomerization was 
to reflux a weighed sample of fat in a 1 to 4 solution of potassium 
hydroxide in ethylene glycol for 25 minutes, then free the fatty 
acids with hydrochloric acid and extract them with ether.

Consistent results were not obtained by this method, and 
difficult}’- was experienced with emulsions in some cases. 
During heating of ethylene glycol and potassium hydroxide 
alone as a blank a substance which absorbs ultraviolet radia
tion is dissolved from the glass vessel or is formed from the 
reagents, and is extracted during the ether extraction. This, 
together with the fact that some oxidation of the easily oxi
dized conjugated double bonds may occur during the manipu
lation, probably accounts in part for the inability to obtain 
consistent results by this procedure.

Temperature is important in the rate of isomerization. 
Another difficulty was encountered because the boiling point 
of ethylene glycol-potassium hydroxide solution varies with 
the amount of water derived from the potassium hydroxide. 
The analytical reagent grade of this alkali contains about 10 
per cent water. The temperature of reflux varies with the 
type of condenser used.

To overcome the latter difficulty, samples were heated at a 
temperature below the boiling point. It was found that a much 
weaker solution of alkaline glycol than the 1 to 4 solution previ
ously used would serve for the isomerization. A concentration of
7.5 grams of potassium hydroxide, assaying 85 per cent potassium 
hydroxide, per 100 ml. of ethylene glycol, was adopted. This 
solution was 1.3 JV with respect to potassium hydroxide. In 
preparation of the reagent, the alkaline glycol solution was 
boiled in an Erlenmeyer flask until the temperature reached 
190° C. This removed most of the water, and thus it was possible 
to maintain a constant temperature of 180° C. while heating 
the samples.

The oil bath for heating the samples was maintained at 180 =*= • 
0.1° C.

It was possible to simplify the method and to obtain con
sistent results by making absorption measurements directly 
on the soap solution, using a blank solution in the solvent cell. 
Thus the troublesome procedure of freeing the fatty acids and 
extracting them was found unnecessary.

A high dilution of the original reaction mixture is required 
before spectroscopic readings are taken. Ethanol is very 
suitable for this purpose, since the soaps are completely soluble 
in this solvent and do not foam when the solution is shaken. 
Ethanol is easily purified for optical use by distillation over; 
potassium hydroxide and zinc dust.
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F ig u r e  1. A b s o r p t io n  S p e c t r a  o f  

P o t a s s iu m  L in o l e a t e  a n d  P o t a s s iu m  
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A b s o r p t io n  C o e f f ic ie n t s  o f  L in - 

o l e ic  a n d  L in o l e n ic  A c id s

Method

Weigh out accurately about 0.1 gram of fat or fatty acids into a 
small vial of the type used for iodine number determinations. 
Add 10 ml. of the alkaline glycol reagent, with a pipet, to a 15 X 2.5 
cm. (6 inch X 1 inch) test tube ana place in an oil bath at 1S0° C. 
Cover the tube with a loosely fitting glass top. The tubes 
should always be immersed in the bath to a constant depth. 
When the temperature of the reagent in the test tube has reached 
180° C., drop in the vial containing the fat sample. Swirl the 
tube three times at 1-minute intervals to mix the fat with the 
glycol solution.

At the end of 25 minutes remove the tube and cool rapidly 
under the tap. Transfer the contents of the tube quantitatively 
to a 250-ml. volumetric flask, using ethanol to wash out the tube, 
and dilute to volume with 99 per cent ethanol.

Allow the samples to stand in a refrigerator for 5 or 6 hours, or 
overnight. At tne end of this time, material removed from the 
glass by the hot alkaline solution will have precipitated. Bring 
the solution in the volumetric flask to room temperature and filter 
a portion of the solution. Make proper dilutions for absorption 
measurements using 99 per cent ethanol.

It is necessary' to carry a blank solution, consisting of alkaline 
glycol, throughout the whole of the procedure, including dilu
tions, for use in the solvent cell.

Preparation of Standards

Linoleic and linolenic acids were prepared by bromination (13, 
14) and debromination (11) of the mixed acids of corn oil and lin
seed oil, respectively.

The tetrabromide, after several recrystallizations from petrol
eum ether, had a melting point, obtained with a total immersion 
thermometer, of 115.5° C. The ethyl linoleate prepared by de
bromination of this product with zinc and 7.5 N  anhydrous 
ethanolic hydrochloric acid had an iodine number of 163.8; theory 
164.4.

The hexabromide, after several recrystallizations from xylene, 
had a melting point, obtained with a total immersion thermom
eter, of 185.5° C. The ethyl linolenate obtained by de
bromination with zinc and 7.5 N  anhydrous ethanolic hydro
chloric acid had an iodine number of 247.1; theory 248.8.

In obtaining standard absorption values for these acids, the 
esters were weighed and a conversion was made by a factor to 
obtain the equivalent weight of acid. Samples of approximately
0.1 gram were used and treated as outlined previously.

Results and Discussions

Figure 1 shows the absorption curves obtained for the po
tassium soaps of linoleic and linolenic acids after the alkali 
isomerization.

Only one band is present in the 
isomerized linoleic acid and it is due 
to diene conjugation. The specific 
alpha value at 2340 A. is 87.1. The 
band with a maximum of 53.7 at 
2680 A. is due to triene conjugation, 
while the maximum of 60.0 at 2340 A. 
in this same curve is due to diene 
conjugation in the isomerized lino
lenic acid. The reproducibility of 
these values is illustrated in Table I. 
The determinations were made at 
several different times and with 
alkaline glycol which was made up 
fresh each time.

In analysis, the intensity of ab
sorption at 2680 A. is a measure of 
the amount of linolenic acid present, 
while the intensity of absorption at 
2340 A. is a measure of both linoleic 
and linolenic acids. In case both 
acids are present, a correction is 
made for the absorption at 2340 A. 
which is due to diene conjugation 
resulting from the linolenic acid.

Vol. 15, No. 1

F ig u r e  3. R e l a t io n s h ip  o f  S p e c if ic  A l p h a  

V a l u e s  a t  2340 Â . a f t e r  I s o m e r iz a t io n  t o  P e r  

C e n t  L in o l e ic  A c id  i n  L in o l e ic -L in o l e n ic  

A c id  M i x t u r e

The effect of time on the course of the reaction was studied 
with both linoleic and linolenic acids. The absorption rises 
rapidly at first (Figure 2), indicating rapid conversion of the 
double bonds to conjugated positions. The maximum ab
sorption at 2340 A and 2680 A. is reached at the end of about 15 
minutes with linolenic acid and then begins to drop gradually. 
The absorption of linoleic acid continues to rise slowly with

T a b l e  I. S t a n d a r d  V a l u e s  f o r  U s e  i n  A n a l y s is

For Linoleic Acid
(Isomerized), For Linolenic Acid (Isomerized)

Specific a Specific a Specific a
at 2340 A. at 2340 Â. at 2680 A.

87.1 60.1 53.7
86.9 60.1 53.6
87.2 60.1 53.6
87.1 59.7 54.0

Av. 87.1 60.0 53.7
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T a b le  I I .  A n a ly s e s  o p  L in o le i c - L in o le n i c  M ix t u r e s  b y  S p e c t r o s c o p ic  M e t h o d

Observed Difference Difference
Alpha, Linolenic in Alpha Linoleic in

2080 A- Found Added Composition Error 2340A .“ Found Added Composition Error

L./g. cm. % % % % L./g. cm. % % % %

7.42 13.8 13.4 + 0.4 +2.99 76.1 87.4 86.6 + 0.8 + 0.92

14.8 27.6 28.0 - 0 .4 - 1 .43 62.2 71.4 72.0 - 0 .6 - 0 .83
27.4 51.0 51.1 - 0 .1 - 0 .20 42.2 48.4 48.9 - 0 .5 -1 .02

31.8 59.2 58.3 + 0 .9 + 1.54 35.0 40.2 41.7 - 1 .5 - 3 .60
44.0 81.9 81.5 + 0.4 + 0.49 15.7 18.0 18.5 - 0 .5 -2 .78

Av. ±1.33 Av. ±1.83

° Corrected for the absorption of linolenic acid at 2340 A.

T a b le  I I I . C o m p a r is o n  o f  A n a l y s e s  b y  S p e c t r o s c o p ic  a n d  K a u f m a n n  

M e t h o d s

Iodine No.. Linolenic Linoleic Oleic Saturated
(Glyceride) 

W ijs Method
Acid Acid Acid Acids

Sample S K S K Sa K S b K

% % % % %  % %  %

Linseed 179.7 47.3 46.8 18.2 22.4 28.6 22.8 5.9 8.5
Soybean 1 136.5 9.88 8.95 53.2 53.7 21.6 23.3 15.4 14.0
Soybean 2 134.3 7.47 8.03 54.7 53.5 23.4 23.9 14.5 14.5
Soybean 3 130.0 5.23 6.23 56.2 52.0 21.8 27.3 16.8 14.5
Cottonseed 110.1 0.00 0.00 54.8 54.2 17.8 18.9 27.4 26.9

I No. of mixed acids — (%  linolenic) (I No. of linolenic) — (%  linoleic) X

° %  oleic acid = ----------
(I No. of linoleic)

b %  saturated acids =  100% — %  unsaturated acids.

time. The change is not critical at the end of 25 minutes, and 
this period was used in the method of analysis.

Known mixtures of linoleic and linolenic acids were made up 
and analyzed by the spectroscopic method. The alpha values 
at 2340 A. fall on a straight line (Figure 3) when plotted 
against the percentage of linoleic acid. The top line repre
sents the total alpha values at 2340 A. due to both linoleic 
and linolenic acids together, while the lower line represents 
the alpha values after correction for the linolenic acid which 
was determined by the absorption band at 2680 A.

The alpha values at 2680 A. for various mixtures of lino
leic and linolenic acids have been plotted (Figure 4) against 
the percentage of linolenic acid. These values fall on the 
same straight line with those obtained for a mixture of stearic 
and linolenic acids. It is obvious that neither the saturated 
acids nor linoleic acid interfere with the determination of 
linolenic acid.

IOO- 

9 0 -  

80 - 

70 •

c* 2 6 8 0  A. LI N OLE NIC -STEAR iC  MIXTURE • •  •
«  2 3 4 0  A. LIN O LE N IC -S TE AR IC  MIXTURE © • •  

2 6 8 0  Â. L IN O LE N IC -L IN O LE IC  MIXTURE ° Q D 
ec 2 3 4 0 A .  LI N OLE N IC -  LI NOLDC MIXTURE CCORRECP 
ED FOR LINOLEIC^ •  •  •
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F ig u r e  4.o R e l a t i o n s h i p  o f  S p e c i f ic  A lp h a  

a t  2340 A . a n d  26S0 A. t o  P e r  C e n t  L in 

o l e n i c  A c id  i n  L in o le n ic - L in o le ic  a n d  

L in o le n ic - S t e a r ic  M i x t u r e s

The alpha values at 2340 A., 
after correction >for the ab
sorption due to linoleic acid, 
have been plotted and fall on 
the same straight line with 
those obtained for a mixture 
of stearic and linolenic acids.

The actual percentages of 
linoleic and linolenic acids 
which were added to the mix
tures and the percentages

--------  which were determined by
the spectroscopic method are 

compared in Table I I .  Linolenic acid was de
termined with a percentage error of ±1.33 and 
linoleic acid was determined with a percentage 
error of =*=1.83.

For the analysis of a fat (which consists chiefly 
of saturated acids, oleic, linoleic, and linolenic 
acids) by the spectroscopic method it is necessary 
to know only the iodine number of the oil before 
isomerization in addition to the amount of lino
leic and linolenic acids in order to calculate the 
percentage of oleic acid. The saturated acids are 
then obtained by difference. Several samples 

—■——  of soybean oil, linseed oil, and cottonseed oil
were analyzed by both the Kaufmann and 
the spectroscopic methods. The results are 

compared in Table I I I .
The saturated acids in the Kaufmann method were deter

mined by crystallization from acetone at —40° C. (1).

Conclusions

A spectroscopic method is described for direct determina
tion of the linoleic and linolenic acid content of a fat. These 
acids can be determined very simply and as accurately as 
standard values for the pure acids can be obtained, when the 
fats do not contain other acids with two or more double bonds. 
Making use of the iodine number, the oleic acid content can 
be obtained; the saturated acids are then obtained by dif
ference. Thus an analysis can be obtained on many fats 
(those containing chiefly saturated acids, oleic, linoleic, and 
linolenic acids) with as little as 0.2 gram of sample.

The method is more rapid than the Kaufmann method and 
involves fewer determinations.
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Analysis for Potassium by Its Natural 
Radioactivity

R. BOWLING BARNES AND D. J. SALLEY 

American Cyanamid Company, Stamford, Conn.

P
RESENT-day knowledge of nuclear physics suggests 
that radioactive isotopes of all the elements probably 
existed when the earth was formed. However, only members 

of the uranium-radium, uranium-actinium, and thorium series 
and the elements potassium, rubidium, and samarium still 
show appreciable natural radioactivity. (There is also some 
evidence that lutecium and neodymium have weak activity, 
8.) The survival of these is explained by the fact that they 
have half-lives of the order of 109 years, which is so long that 
they exist yet in detectable quantities. All the rest of the 
radio-isotopes originally present must have had comparatively 
short life periods and consequently have completely decayed 
during the ages, or else they decay so slowly that they cannot 
be detected readily. Evidence of this is the fact that the 
three hundred or more radio-isotopes already produced arti
ficially have half-life periods ranging from a few seconds to 
only a few years. Only two, B10 and C14, have half-lives 
greater than 103 years, and even such periods seem short in 
comparison with geologic time.

One of the pieces of evidence which proved that potassium 
was naturally radioactive was the observation that the activ
ity of a given sample is directly proportional to its potassium 
content (6). Apparently, however, no attempt was made to 
apply this to the quantitative analysis of materials for their 
potassium content. [Since this work was completed, Fenn, 
Bale, and Mullins (5) have described determinations of the 
radioactivity of potassium from bone ash with a dipping coun
ter tube. However, these authors did not attempt to de
velop a procedure for routine potassium analyses.] Such an 
application, were it possible to carry out simply, would appear 
to be of great value, since the determination of potassium in 
the presence of other alkalies and certain anions is a difficult 
and time-consuming procedure. Accordingly, the work re
corded here was undertaken in order to establish a rapid 
method of analysis for potassium, based on its natural radio
activity, which would be free from interference by other 
elements and would lend itself to routine operation. The 
experiments described here show the practical nature of this 
method, and indicate as well the various factors affecting such 
a determination.

Three of the questions which bear on the subject may be 
briefly disposed of here. (1) One concerns the possible in
terference by the other natural radio-elements. Of these 
rubidium causes no concern, for it is very rare in occurrence 
and emits a soft beta-ray, only one third as energetic as that 
of potassium, and no gamma-ray. Samarium too is very 
rare, and furthermore, since it is an alpha-emitter, it would not 
be counted in the tube employed. However, the members of 
the uranium or of the thorium series would, if present, in
validate the potassium analysis by their radioactivity. 
Since these elements are met only rarely, they do not seriously 
restrict the application of the method, and, even if present, 
they can be removed comparatively easily by standard pro
cedures.

(2) A second factor has to do with the natural rate of de
cay of the potassium. The well-known law for radioactive 
disintegration is

N  =  2Voe-w

where N  is the number of radioactive atoms at time t, Na is 
the number initially present, and X is the decay constant. 
For potassium X = 1.56 X 10~17 sec.-1 which in terms of half- 
life is 1.4 X 109 years (1). Consequently, no detectable 
change would occur in activity of the potassium in the time 
required for analysis.

(3) The naturally occurring activity of potassium is due 
to the isotope of mass number 40 (13). Isotopes 39 and 41 
are stable, and the abundance of masses 39, 40, and 41 are 
93.3, 0.012, and 6.7 per cent, respectively (2, 9). The ana
lytical method developed here depends, consequently, on the 
assumption that no isotopic separation occurred during any 
of the ordinary processes to which the sample may have been 
subjected. This assumption seems reasonable, for the appre
ciable separation of isotopes of such high atomic weight by 
the usual chemical and physical procedures is negligible. 
Moreover, the constancy of the ratio of the potassium isotopes 
in mineral matter has been fairly well established. Smythe 
(12) and Brewer (3) have shown that there is no variation 
either in the K39/K 4:l or in the K39/K 41 ratio in various rocks, 
in sea water, and in commercial potassium. A slight separa
tion seems to be discernable in plant and animal specimens, 
but the amount and the direction of the isotopic shift are 
variable (4, 6). Such small changes would be completely 
unimportant for the purposes at hand.

Experimental

The apparatus used for the preliminary experimental work 
consisted of a small Geiger counter tube in a lead shield, an 
amplifying and recording circuit, and a glass cell for the solutions. 
The Geiger tube was of thin-walled glass about 1.5 cm. in outside 
diameter and 15 cm. long, silvered on the inside wall. It  was 
filled to about 100-mm. pressure with a “fast” counting gas 
consisting of 90 per cent argon and 10 per cent alcohol. The

F ig u r e  1. C o u n t i n g  R a t e  v s . P o t a s s iu m  C o n 

c e n t r a t i o n

Small counter tube
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(Left) Large counter tube.

F ig u r e  2

{Right) Large counter tube and circuit

T a b l e  I.

Potassium
Salt

KC1
KC1
KC!
KC1
KC1
KC1

KaFe(CN)<
KiFe(CN)»

KjCO.
KsCOi

C o m p a r is o n  o f  K n o w n  a n d  C a l c u l a t e d  P o t a s 

s iu m  C o n c e n t r a t io n s

Potassium

------Added Salt---- -
K ind Normality

NaCl
NaCi

/ NaCl 
Fe(NH«KSO«)»

CaCh
NH.C1

0.68
0.008
0.18
0.38

Net Count Calcu
per M inute Known lated

14.3 1.0 0.98
29.1 2.0 1.98
44.0 3.0 3.00
58.4 4:0 3.96
14.8 1.0 1.01
43.5 3.0 2.97
14.1 1.0 0.96
44.1 3.0 3.01
12.1 1.0 0.87
44.3 3.0 3.03

17.0 1.07 1.16

amplifier and scaling circuit was of conventional type with a 
simple circuit as the first stage. The cell for the solutions was a 
thin-walled annular glass vessel which fitted closely around the 
counter tube, and held about 20 cc. of solution.

The procedure adopted was to prepare solutions of known con
centrations of various potassium salts, alone and mixed with 
other salts, and to make a 2-hour count on each. Background 
counts were taken for the same length of time with distilled water 
in the cell. (The background throughout these experiments 
remained very constant and was about 25 counts per minute.)

The data obtained for all the solutions measured are as
sembled in Table I. Examination of the data for 1, 2, 3, and
4 N potassium chloride solution indicates that the net count 
was directly proportional to the concentration. This is shown 
graphically in Figure 1, in which the best straight line is 
drawn through the points. For all the other solutions, 
therefore, the normality corresponding to an observed count 
■could be read directly from the graph; these are the so-called 
■“calculated normality” figures recorded in the last column of

Table I. That the method has practical possibilities 
is obvious from the agreement of the known and calcu
lated values.

The observation that the count was directly pro
portional to the concentration of potassium was to be 
expected from the original work on the activity of 
potassium. Of great importance for the purpose at 
hand was the fact brought out in Table I, that the 
nature of the accompanying anion or of added salts 
had such a small effect on the counting rate that no in
terference was apparent with this apparatus. While 
these results, therefore, showed the feasibility of per
forming potassium analyses by a radioactive method, 
the procedure wras unsatisfactory because of the low 
sensitivity of the counter tube. Even for rather con
centrated solutions, the observed count was only 15 
to 60 counts per minute above the background. Con
sequently, excessively long times were required for any 
reasonable accuracy and samples of low concentration 
could not be determined successfully.

In order to show how sensitivity, accuracy, and 
time of analysis are interrelated, a short discussion 
may be inserted at this point.

The disintegration of a radioactive substance is a random 
process subject to statistical laws which can be deduced 
from probability considerations. Thus, in order to meas
ure the activity of a material with absolute accuracy, a 
count of the number of particles disintegrating _ in an 
infinitely long time would be required. However, it may 
be shown that the probable error in a single set of counts 
for a given time interval is 0.67 of the square root of the 
number of counts observed. For example, if 10,000 counts 
have been made, the probable error in this measurement 
is 0.67 -\/l0,000 or 67 counts, and the relative accuracy 
would be ±0.67 per cent. For a relative _ accuracy of 

±1 per cent it would be necessary to count approximately 4500 
emissions. The following table indicates the relationship be
tween the probable error and minimum number of counts re
quired for the stated accuracy:

Probable Error, %

10
5

Total Count Required

45
180
450

4,500
18,000

450,000

The presence of the background count introduces an addi
tional source of error. Whenever the number of counts from a 
sample is so small that it approaches the background count, it is 
then necessary to count from five to ten times as many disinte
grations to obtain a desired precision for the measurement. A 
further discussion of these points may be obtained from Rasetti 
(11) or from Strong (14).

The foregoing paragraph makes it clear that a more sensi
tive tube would extend the over-all accuracy of the method or 
decrease the time required for performing an analysis of a 
given accuracy. Inasmuch as this sensitivity of a counter 
tube is a function of its geometry and size, a new tube was de
signed to accomplish this.

Although similar to the first type in that it was of thin-walled 
glass silvered on the inside, it was considerably larger and had an 
outer jacket built around the counter tube proper. The annular 
space so formed held the solution to be counted, and could be 
filled by sucking liquid up through a lower inlet. With this 
design only one thin glass wall was interposed^ between the solu
tion and counter interior. Tubes similar in principle but smaller 
in size have already been described (7,10). The tube is shown in 
Figure 2; on the right it is shown in place in its lead shield and 
with the amplifying circuit connected. The diameter of the 
inner tube is about 2.4 cm., the outer tube or jacket is 3.5 cm., 
and the spacing between the walls of jacket and inner tube is 
about 4 mm. The jacketed portion of the tube is about 45 cm. 
long, and the volume of the jacketed space is about 200 cc. The 
counter gas used is the usual 90-10 argon-alcohol mixture at a 
total pressure of 100 mm., and the tube is operated on the con
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ventional simple circuit. It showed excellent counting char
acteristics under these conditions with a threshold of about 900 
volts and a plateau 100 to 140 volts long.

A calibration of two different tubes was run with standard 
potassium chloride solutions. Twenty-minute counts were 
made, and background was counted with distilled water in 
place of the potassium chloride solution.

The background count in the absence of distilled water is al
ways higher than with water present. This effect was noted with 
all the tubes tried, and the cause is not explained. Possibly the 
water provides additional shielding from external radiation, 
perhaps from the lead itself It does not seem to be due to a 
natural radioactivity of the Pyrex, for counts of samples of Pyrex 
have shown no appreciable activity. In any event, the water is 
sufficiently dense to screen out all such external radiation, as a 
solution of zinc chloride of density 1.5 gave the same count as 
distilled water. Exposure to sunlight increases the counting 
rate, and consequently, if no lead housing is available, the tube 
at least should be covered with a black cloth.

The results are shown in Figure 3, in which counting rate is 
plotted against the normality of the potassium chloride. The 
background count has been included in these calibration 
curves in order to indicate the magnitude of the counts actu
ally recorded.

The total sensitivity of the method was increased about 
30-fold by using the larger tube, for the net count of 1 N solu
tions in the large counter was about 400 counts per minute as 
compared to 14 for the small one. Clearly, solutions as dilute 
as 0.1 to 0.05 N may be analyzed with fair accuracy by mak
ing rather long counts. For concentrations of 1 N or higher, 
the precision for a 20-minute count is about 0.01 N, as was 
shown by analyzing two unknown solutions:

Potassium Normality 
Known By radioactivity

Unknown 1 2.274 2.26 ± 0.01
Unknow n2 1.186 1.18 ± 0 .01

A closer examination of Figure 3 reveals the fact that for 
both new tubes the counting rate is not quite proportional to 
the concentration, but falls off with increasing potassium con
tent. Such an effect was not observed with the smaller tubes, 
since their sensitivity was too low. The effect was [ascribed

F ig u r e  3. C o u n t in g  R a t e  vs. P o t a s s iu m  C o n c e n t r a 

t io n

•  Large countcr tube B Q  Large counter tube A

to the self-absorption of the radiation resulting from the in
crease in density of the solution with concentration, and this 
point was investigated further.

1 N  solutions of potassium chloride were made up with sucrose 
or zinc chloride added to increase the density, and the same was 
done with 1 N  potassium ferricyanide solutions. Using counter 
A, duplicate counts of 20 minutes each were made on each solu
tion; in addition, the density of each solution was determined 
with a pycnometer. The results are shown in Figure 4, in which 
the net count per minute—i. e., background subtracted—is 
plotted against the observed density on semi-log paper.

The decrease in count brought about by the increase in 
density is obvious—for example, the counting rate was 
lowered about 10 per cent by an increase in density from 1.03 
to 1.30. It is evident, therefore, that with these sensitive 
tubes a correction for the density effect is required if the den
sity of the “unknown solution” varies markedly from that 
used in the calibration.

The method of representation of the measurements given in 
Figure 4 was chosen because the data fit an excellent straight 
line. The equation of this line, is, of course, of the form

log (c/m) = k -  (a) (d) (2)

where (c/m) is the counting rate, d is the density, and k and o 
are empirical constants. On evaluation of k and a, Equation
2 becomes:

log (c/m) = 2.8525 -  0.234 d (2)

This equation applies for 1 N solutions for the particular 
counter tube at hand. To extend it to include any normality 
of solution, the term log N is merely included, so that the 
equation reads

log (c/m) = 2.8525 -  0.234 d + log N  (3)

Now this equation not only fits the data of Figure 4 but also 
reproduces the calibration curve of counter tube A in Figure
3 within a precision of =*= 1 per cent. The fact that the nu
merical constants as obtained from the count-density curve of 
Figure 4 for 1 N solutions are applicable to potassium chlo
ride solutions of any normality constitutes proof that the den
sity is the factor responsible for the falling off of the counting 
rate with increased concentration, as observed in Figure 3.

A general equation of the form of (3)

log (c/m) = k — (a) (d) + log N  (4)

applies for any counter tube, but the constants vary from tube 
to tube. For example, for tube B the equation as determined 
from the calibration curve in Figure 3 is

log (c/m) =  3.1555 — 0.463 d + log N  (5)

The value of k should clearly vary from counter tube to 
counter tube, for in effect k is the logarithm of the count 
which would be given by a 1 N solution of potassium at zero 
density. This must naturally depend on the length and wall 
thickness of the jacketed portion of the counter. The varia
tion in the constant a from tube to tube may probably be due 
to the fact that the radiation from potassium is not homoge
neous for both beta- and gamma-rays are effective in firing the 
counter, and furthermore, for potassium the beta-rays them
selves show two different energy groups. The variation in 
thickness of the layer of solution from tube to tube may also 
play a role. It is an interesting point that an apparent half
thickness of about 1.4 grams per sq. cm. may be calculated 
from the slope of the curve of Figure 4. This lies between the 
value for the gamma-rays (about 5 grams per sq. cm.) and 
the beta-rays (about 0.03 gram per sq. cm.), and would sug
gest that the radiation actually entering the counter consisted 
of about 75 per cent beta-rays and 25 per cent gamma-rays, 
with the wall thickness of the tube about 0.2 to 0.4 mm.
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F ig u r e  4 . E f f e c t  o f  D e n s it y  o f  S o l u t io n  o n  C o u n t 

in g  R a t e

•  1 N  KC1 +  ZnC li o  I N  K iFe(C N ). +  Bucroae

To make a potassium determination by the radioactive 
method described here, the counter tube to be used must first 
be calibrated. This can be done with only two solutions of 
potassium, say 1 N and 3 N  potassium chloride. The ob
served counts per minute and the known densities of the cali
brating solutions are substituted in Equation 4 and the con
stants k and a evaluated. The empirical relation between 
count, density, and normality is thus obtained for the counter 
at hand. For any unknown solutions, the counting rate and 
the density must be measured, the values substituted in the 
equation and the normality then calculated.

The above method of correcting for the effect of density is 
applicable when the element in the salt mainly responsible for 
the high density is of atomic number below zinc (Zn = 30). 
The density correction necessary if elements of higher atomic 
number are present may be as much as 50 per cent greater and 
seems to depend on the element. For example, in trials with 
potassium nitrate solutions with barium chloride or with lead 
nitrate added to make the density 1.33, the observed count 
was 94 and 90 per cent, respectively, of the count obtained 
when zinc chloride was used to bring the density of the potas
sium nitrate solution to the same value. In general, com
pounds with elements of such high atomic number will not be 
found in amounts sufficient to contribute predominantly to the 
density of the solution, so that the correction determined as 
previously described may be used safely. However, if salts 
of heavy metals are present in high concentration, these had 
best be removed before the counting of the potassium solution 
is undertaken. As an alternative procedure, the counter tube 
may be calibrated with potassium solutions increased in den
sity by addition of the salt present in the unknowns.

On the basis of this work, an apparatus was installed for 
routine use in a control analytical laboratory and has been in 
operation for about 6 months. In that time, many analyses 
have been made which could have been carried out by the 
usual procedures only with far greater expenditure of time and 
labor.

Conclusions

The results presented in this report indicate that a rapid 
and comparatively simple determination of potassium can be

made by taking advantage of its natural radioactivity. Ob
viously, the type of equipment used in making these analyses 
may be applied with advantage for work with other radio
isotopes, whether natural or artificial. The size and design 
of the tubes employed naturally are not restricted to those de
scribed here, but may be altered to meet particular conditions. 
Once the apparatus has been set up, a determination requires 
10 minutes to 2 or 3 hours, depending on the sensitivity of the 
counter, the potassium concentration, and the accuracy de
sired. The outfit itself is not too complicated and can be 
assembled at a total cost of about §450. Operation is simple, 
and maintenance of the apparatus is negligible, although the 
circuit may require adjustment occasionally. The life of the 
counter tube is indefinite, but usually the good counting 
characteristics, if lost, can be restored by pumping and re
filling the tube with counter gas. The advantages of the 
method are obviously such as to recommend it for general use.
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Suspension o f  Glass Therm om eters
G E O R G E  BONA AND R IC H A R D  RO W E  

D ictaphone Corporation, Bridgeport, Conn.

THE glass ring provided at the top of glass thermometers 
for suspension from a hook, wire, or string often breaks 
off in handling .because of its rigidity. If the thermometer 
itself is still in working order, it is usually suspended through 

a rubber stopper or cork held in place by means of a buret 
clamp.

A better method is to fit a short piece of rubber tubing 
snugly over the upper end of the thermometer, so that about 
an inch of the tubing extends freely at the top. A small hole 
is cut in the end of the tubing by bending 0.25 inch of the top 
down sharply and making a very short lengthwise cut at the 
bend with a pair of scissors.

The thermometer can then be suspended freely in the 
usual manner. As a matter of fact, new thermometers may be 
thus provided. In this manner, the danger of contaminating 
a material with spilled mercury from a broken thermometer is 
considerably lessened.



Polarographie Determination of Manganese as 
Tri-dihydrogen Pyrophosphatomanganiate

I. M . KOI-.TIIOFF AND J . I. W ATTERS', University o f  M innesota, M inneapo lis , M inn .

A procedure is presented by which 

manganese is quantitatively oxidized w ith  

lead dioxide to the trivalent state in a 

m ed ium  which contains a large excess of 

pyrophosphate at a pH  smaller than  4. 

The concentration of the m anganic m anga

nese in  the complex is determined polaro- 

graphically.

Evidence is given tha t the violet complex 

ion is tri-dihydrogen pyrophosphatoman- 

ganiatc.

THE present paper describes a simple procedure in which 
manganese is oxidized with the aid of lead dioxide to the 
manganic complex in the presence of a large excess of potas
sium pyrophosphate at a pH between 2.0 and 4.0. The con

centration of manganic complex is determined with the aid 
of the dropping mercury electrode. Evidence that the com
plex has the composition tri-dihydrogen pyrophosphato
manganiate is given.

Manganous ion is reduced at the dropping mercury elec
trode, producing a well-defined diffusion current in neutral 
alkali chloride as supporting electrolyte (14)- The half-wave 
potential is —1.51 volts vs. the saturated calomel electrode, so 
the presence of an excess of several metal ions such as ferric, 
ferrous, cobaltous, nickel, zinc, and copper interferes with 
the polarographic determination of divalent manganese. 
Furthermore, the hydrogen wave interferes in acidic solution. 
The permanganiate ion produces a poorly defined wave start
ing at zero applied e. m. f. Stackelberg et al. (IS) concluded 
that this wave was not suitable for analytical purposes. 
Verdier (14) found that in an alkaline tartrate solution, a 
well-defined anodic wave was obtained at —0.4 volt vs. the 
saturated calomel electrode. The manganous ion is ap
parently oxidized to the trivalent state. A large excess of 
ferrous iron interferes in this determination. Tri-dihydrogen 
pyrophosphatomanganiate has the advantage that the 
manganese is reduced from the tri- to the divalent state at 
positive potentials vs. the saturated calomel electrode. As 
the diffusion current can be measured at +0.1 volt to +0.15 
volt vs. saturated calomel electrode, it is not necessary to 
remove dissolved oxygen. A large excess of ions such as 
ferric, zinc, copper, cobalt, and nickel may be present. 
Chromium, vanadium, and cerium interfere, since these 
metals are oxidized to chromate, vanadate, and eerie, re
spectively, and are also reduced at positive potentials.

Trivalent manganese has been employed in several ana
lytical methods for determining manganese.

Heczko (7) oxidized manganese to the trivalent state with 
freshly prepared perphosphoric acid in a solution of phosphoric 
acid and sulfuric acid and titrated the trivalent manganese iodo- 
metrically. Lang (10) oxidized manganese with potassium di- 
chromate in a solution of metaphosphoric acid. After reducing 
the excess dichromate with sodium arsenite solution, he titrated 
the trivalent manganese with standard ferrous sulfate solution 
using diphenylamine as the indicator. Hirano (8) estimated

1 Present address, Baker Laboratory, Cornell University, Ithaca, N . Y .

manganese colorimetrically by forming the trivalent complex in 
a solution of sulfuric acid and phosphoric acid. Tomula and Aho 
(IS) estimated manganese colorimetrically by forming a pyro- 
phosphatomangani acid complex in a mixture of pyrophosphoric 
and sulfuric acids. They employed potassium bromate as the 
oxidizing agent and removed the liberated bromine through the 
formation of the slightly dissociated compound, bromine cya
nide. This procedure has the disadvantage of the danger associated 
with the use of acidified cyanide solutions.

Experimental

The manual apparatus described in previous publications was 
used. Since the complex slowly oxidizes mercury, a saturated 
calomel anode was employed as outside electrode. A few polaro- 
grams were made using the automatic Heyrovsky polarograph. 
The pH measurements were made with the aid of a Beckman glass 
electrode pH meter. A thermostatically controlled water bath 
was used to maintain a constant temperature of 25.0 =*= 0.02° C.

Analytical reagents were employed. A stock solution of 0.1 M  
manganous sulfate was prepared by dissolving 22.306 grams of 
manganous sulfate tetrahyarate in water containing 10 ml. of 
approximately 1 N  sulfuric acid and diluting to exactly 1 liter. 
The molarity was checked by a gravimetric determination in 
which the manganese was precipitated as manganous ammonium 
phosphate and weighed as manganous pyrophosphate. The 
molarity was found to be correct.

Source of Pyrophosphates

Although orthophosphoric acid may be converted to pyro
phosphoric acid if heated at 215° C., large amounts of silica 
are dissolved if the conversion is performed in a Pyrex con
tainer. Platinum is also slowly attacked. Furthermore, 
concentrated pyrophosphoric acid is variable in composition 
(5) and difficult to handle because of its viscosity. Its aque
ous solution is unstable, being completely hydrolyzed in a 
few days.

The authors investigated the use of a mixture of alkali 
pyrophosphates and strong mineral acids as the source of the 
dihydrogen pyrophosphate ion. Sodium pyrophosphate is 
only moderately soluble, 3.16 grams of the anhydrous salt 
dissolving in 100 ml. of water at 0° C. and 40.26 grams at 
100° C. Potassium pyrophosphate is extremely soluble and 
is therefore more suitable for the preparation of a concen
trated stock solution. Such a solution is stable for a long 
time if not acidified (6). The potassium pyrophosphate used 
in the following experiments was prepared by heating an
hydrous dipotassium hydrogen phosphate in a furnace at from 
500° to 700° C. for 3 hours.

Sodium pyrophosphate may be used instead of potassium 
pyrophosphate. In this case it is necessary to weigh out the 
salt for each determination.

Sulfuric and nitric acids were found satisfactory for the 
regulation of the acidity. Nitric acid is preferable if an 
appreciable amount of sulfate is present in the sample, since 
potassium sulfate, which is only moderately soluble, may 
precipitate.

Selection of an  Oxidizing Agent

Lead dioxide was found to be a satisfactory oxidizing agent. 
It rapidly oxidized manganous ion to a violet-colored com
plex in a solution 0.4 M  in pyrophosphates having a pH of 4 
or less. The excess lead dioxide was removed by filtering 
through a retentive filter paper, such as Whatman No. 42. 
By means of titrations with standard ferrous sulfate solution 
it was shown that the oxidation was quantitative. It was
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experimentally found that 1 gram of lead dioxide could 
oxidize 388 mg. of manganous ion to the trivalent complex 
ion. This is close to the stoichiometric amount—namely, 
460 mg. Practically, a large excess of lead dioxide, ap
proximately 1 gram for each 50 mg. of manganese in the 
solution was used to hasten and ensure quantitative oxida
tion. It was found that the oxidation of a 0.01 M  solution 
of manganous ion was complete after 3 minutes of shaking 
with this excess of lead dioxide if the pH was smaller than 
about 4.0 and a large excess of pyrophosphate was present. 
Intermittent shaking for 10 minutes resulted in quantitative 
oxidation of manganese in solutions as concentrated as 0.02 M 
in manganous ion. Variable concentrations of plumbous 
lead remained in solution, presumably as a dihydrogen 
pyrophosphato complex, even when appreciable concentra
tions of sulfates were present.

Suppression of the M ax im um

In the absence of capillary-active substances a large maxi
mum in the current-voltage curve of the manganic complex 
was obtained. Furthermore, the galvanometer oscillations 
were irregular at potentials more negative than the region 
(+0.1 to +0.3 volt vs. S. C. E.) in which the maximum 
occurred. These disturbances persisted in the presence of 
various agents generally used for the elimination of maxima. 
Gelatin, starch, soap, tylose, camphor, thymol, methyl 
orange, tropeolin 00, methyl red, and methylene blue were 
unsatisfactory in the suppression of the maximum.

i .  5

POTENTIAL VS. S.C.E.

F ig u r e  1. P o l a r o g r a m

milHmolar tri-dihydrogenpyrophosphatomanganiate, 0.4 M  
sodium pyrophosphate, 0.8-0.9 M  nitric acid, 0.1 per cent in 
gum arabic, p H  =  2.0; oxidized w ith lead dioxide; hydro
gen passed tnrough solution 15 minutes 

Like 1 except no manganese present

It was found that if the solution was 0.02 per cent in agar 
the galvanometer oscillations became regular and diffusion 
current measurements could be made at potentials more 
negative than +0.16 volt (S. C. E.) using the manual polaro- 
graph. Many of the quantitative measurements were made 
with the manual apparatus, using agar to suppress the 
maximum. However, when polarographic determinations 
were attempted using the automatic Heyrovskÿ polarograph, 
agar was found unsatisfactory. Temporary irregularities, 
which did not interfere when the manual instrument was 
used, were frequently recorded in the polarogram.

It was then found that if the final solution was 0.04 per 
cent in peptone (Merck’s, dried, from meat) excellent waves 
were obtained with either the manual apparatus or the 
polarograph. It was necessary to add the peptone prior to

the oxidation by lead dioxide. If added after the oxidation, 
a small amount of the complex was reduced.

After the experimental work was concluded the authors 
found that 0.1 per cent gum arabic is just as effective as 
peptone. It is stable for a long time and does not decompose 
the complex if added after the oxidation.

Within experimental error, the same diffusion current per 
millimolar concentration of the manganic complex was ob
tained whether 0.05 to 0.2 per cent agar, 0.02 to 0.1 per cent 
peptone, or 0.1 per cent gum arabic was used to eliminate 
the maximum.

The procedure followed in the preliminary experiments 
consisted of preparing solutions containing manganous ion 
and various concentrations of pyrophosphate at various pH 
values and in the presence of various maximum suppressors. 
The manganese was oxidized by shaking intermittently with 
lead dioxide for 5 to 10 minutes and the solution was filtered. 
Current voltage measurements were made using a portion 
of the filtrate. The removal of air is not necessary, since the 
diffusion current of the manganic complex is obtained before 
the oxygen wave starts.

Figure 1 illustrates the characteristics of the wave.

The solution used to obtain curve 1 was 0.005 M  in manganic 
manganese, 0.4 M  in sodium pyrophosphate, 0.8 to 0.9 M  in 
nitric acid, and contained 0.1 per cent gum arabic. The pH was 
2.00. The solution used to obtain curve 2 contained the same 
constituents, except that no manganese was added. The solutions 
were treated with lead dioxide as explained above. Tank hydro
gen was passed through the solution in the cell for 15 minutes to 
remove most of the oxygen. In curve 2 the current from +0.2 
to —0.4 volt (S. C. E.) was the residual or condenser current 
and was practically zero at —0.1 volt (S. C. E.). The anodic 
wave just beyond +0.25 volt is due to the dissolution of mer
cury. This wave begins at a lower positive potential than in the 
corresponding polarograms in Figures 2 and 3, owing to the 
presence of chloride ion introduced by prolonged contact with 
the saturated calomel anode. The wave beginning at —0.4 volt 
(S. C. E.) is due to the reduction of the plumbous lead introduced 
as a result of shaking with lead dioxide. The wave starting at
— 1.3 volt (S. C. E.) is due to the reduction of hydrogen ions. 
In curve 1, the wave beginning at about +0.3 volt is due to the 
reduction of the trivalent manganic complex to the divalent 
state. The second wave for the reduction of plumbous lead is 
larger than in curve 2 as a consequence of the reduction of more 
lead dioxide in the oxidation process. The true diffusion current 
is the difference between the magnitude of the apparent diffusion 
current measured and the residual current measured at the same 
potential, using a blank solution containing no manganese or a 
portion of the original solution before treatment with lead di
oxide.

The half-wave potential of the wave due to the reduction 
of the manganic complex is obviously not a function of the 
standard potential of the manganous complex-manganic 
complex couple. The potential of a platinum electrode in a 
similar solution in which one-half of the complex had been 
reduced with ferrous sulfate solution was about +0.78 volt 
(S. C. E.) when the pH was 2.06.

Effect of pH

The pH may be of influence for several reasons. From the 
Nernst equation it is readily seen that the oxidation potential 
of lead dioxide is a function of the pH. Theoretically the 
oxidation potential is decreased by approximately 0.12 volt 
for each unit increase in pH. The kind of acid pyrophos
phate which preponderates is determined by the pH, as is 
the stability of complex ions containing ionizable hydrogen 
atoms. It will be shown in a subsequent paper that the 
wave due to the reduction of ferric iron in pyrophosphate 
solutions is shifted to more negative potentials if the acidity 
is decreased. This wave interferes if the pH is much smaller 
than 2.

Experiments 1 to 8, Table I, were performed to determine
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T a b l e  I. E f f e c t  o f  pH

Sample, 5 ml. 0.1 M  MnS04 to produce a final concentration of 5 milli- 
molar in  manganese.

Procedure followed, except pH  varied. Final pyrophosphate concentra
tio n  was 0.4 M , agar 0.04 per cent.

Capillary I. «  1.314 mg.2/» sec. " 1/ 2 at Ed. t. = +0.1 volt.
Av. id/m illimolar concn. M nU l »  1.54 microamperes.

Experi
H 2SO4
(1 : 1)

p H  of 
F inal Color of F inal

id at 
+0.1 Volt 
(S. C. E.) 

Corrected for 
Residual

ment No. Used Solution Solution Current

1

M l.

2 Brown

M  icro- 
amperes

7.34
2 4 5.05 Orange brown 7.64
3 4 5.00 Orange brown 7.69
4 4.5 3.78 Violet 7.78
5 5 1.90 Violet 7.82
6 5 1.90 Violet 7.78
7 10 0.90 Violet 7.79
8 20 0 .10 Violet 7.84

the pH range in which the violet complex could be quantita
tively obtained with a large excess of pyrophosphate present.

Samples containing 5 ml. of 0.1 M  manganous sulfate were 
transferred to a 100-ml. volumetric flask, and 20 ml. of 2 M  po
tassium pyrophosphate were added to each flask to obtain a 0.4 M  
concentration of pyrophosphate. Various volumes of sulfuric 
acid (1 to 1) were added to regulate the pH. After addition of
2 ml. of 2 per cent agar and dilution to 100 ml., the oxidation and 
diffusion current measurements were carried out as in the general 
procedure.

All the solutions having a pH of 3.78 or smaller had, within 
experimental error, the same diffusion current and the rich violet 
color. However, in experiments 2 and 3, the solutions having a 
pH close to 5 appeared orange red to orange brown in color and 
the diffusion current was somewhat smaller than at lower pH. 
After completing the experiments, the pH of the solution used in 
experiment 4 was varied by adding nitric acid or ammonium hy
droxide dropwise. When the pH was increased to 4.52, an 
orange cast was observed. When the pH was decreased below 4, 
the complex again appeared violet. A brown precipitate of man
ganese dioxide always formed in the brown solutions upon stand
ing a few’ hours. The violet solutions were unchanged after 48 
hours.

Effect of Pyrophosphate Concentration

A series of experiments was performed in which the pH was 
maintained close to 4.0 while the concentration of pyrophosphate 
was varied. The same final concentration of manganese, 0.005 M,

T a b l e  II. E f f e c t  o f  P y r o p h o s p h a t e  C o n c e n t r a t io n

Sample, 5 to 20 ml. 0.1 M  MnSO« to produce a final concentration of 5 to 20 millimolar manganese. 
Procedure followed except final pyrophosphate concentration varied. Agar, 0.04 per cent, used to 

suppress maximum. In  experiments 1 through 13, 40 ml. of sample diluted to 50 ml. after oxidation 
and K N O i added to obtain 1.6 M  potassium ion. Experiments 14 through 17 were not diluted.

Capillary I I .  =» 1.967 mg.î/J  sec." l / î  at
M n ll l  ■« 2.30 microamperes.

Experi
ment

2 M  Potas
sium Pyro
phosphate

Final
M illi
molar
Pyro
phos
phate
Concn.

Final
M illi
molar

Concn. Color of F inal

True 
Diffusion 
Current at 
+ 0.1 Volt 

(S. C. E .) (id

Estima
tion of 

M n  Oxi
dized to 

Tri
valent

No. Added of M n Final pH Solution Appparent —tV) State

1

ML

0.5 10 5 3.30 Violet brown

Micro
amperes

3.55

%

39
2 0.75 15 5 3.30 Violet brown 3.85 42
3 1.00 20 5 3.30 Violet brown 4.10 45
4 1.25 25 5 3.90 Brown violet 4.50 49
5 1.50 30 5 4.09 Brown violet 5.67 62
6 1.75 35 5 4.11 Rose violet 6.37 69
7 2 .0 40 5 4.00 Violet 7.19 78
8 3.0 60 5 3.98 Violet 7.50 82
9 4.0 80 5 4.03 Violet 7.85 85

10 5.0 100 5 3.78 Violet 8.35 91
11 7.5 150 5 3.98 Violet 8.82 96
12 10.0 200 5 3.90 Violet 9.18 100
13 2 0 .0 400 5 3.90 Violet 9.17 100
14 20.0 400 10 3.90 Violet 23.0 100
15 20 .0 400 20 3.30 Violet 41.4 90
16 20 .0 400 20 2.30 Violet 46.2 100
17 20 .0 400 20 7 JV HîSO* Violet 46.3 100

was employed; 0.02 per cent agar was used to suppress the 
maximum. Before making the polarographic measurements in 
experiments 1 through 13 in Table II, sufficient potassium nitrate 
was added to 40 ml. of the oxidized solutions to make the concen
tration of potassium ions in all solutions 1.6 M. The solutions 
were then diluted to 50 ml. The oxidation to the trivalent com
plex was not complete until the pyrophosphate concentration 
was 0.2 M  or 40 times larger than that of manganese.

Experiments 14 through 17 were then performed to determine 
the maximum concentration of manganese which could be oxidized 
to the trivalent state, using a final concentration of 0.4 M  potas
sium pyrophosphate. Since a constant large excess of potassium 
pyrophospate was present, no addition of potassium nitrate 
or dilution wras necessary before making diffusion current meas
urements. Experiment 14 showed that 10 millimolar manga
nous ion was quantitatively converted to the trivalent complex 
at pH 3.9. However, in experiment 15, when the concentration 
of manganese was increased to 20 millimolar, only 90 per cent of 
the manganese was converted to the trivalent complex at pH 3.3.

In experiments 16 and 17, 20 millimolar manganous ion and
0.4 M  potassium pyrophosphate were again employed but the acid
ity was increased. In experiment 16, in which the pH was 2.2, a 
quantitative oxidation to the manganic complex was obtained. 
In experiment 17, in which a 7 N  excess of free sulfuric acid was 
present, the oxidation to the trivalent complex was also quanti
tative. However, the complex was not stable in strong sulfuric 
acid. After 5 days the violet color of the complex prepared in 
7 N  sulfuric acid had disappeared, while the complex prepared 
at pH 2.2 showed no appreciable decrease in color.

It may be concluded that manganous ion, up to a con
centration of 20 millimolar, can be quantitatively oxidized 
to the violet manganic complex in a solution 0.4 M  in potas
sium pyrophosphate at a pH of about 2.2. At appreciably 
lower pH the complex is not very stable and the wave due 
to the reduction of the ferric complex interferes.

Effect of Air on the Wave

The following experiments were performed to determine the 
effect of oxygen of the air on the value obtained for the 
diffusion current.

All the solutions were finally 0.4 M  in potassium pyrophos
phate. The pH was adjusted to about 2.3 with sulfuric acid 
(1 to 1), using thymol blue as the indicator. Peptone (0.04 per 
cent) was used to suppress the maximum. Each solution was 
treated with 1 gram of lead dioxide.

In experiment 1, Table III , a blank determination was carried 
out using only the reagents. The measurements were made with
out removing air from the solution. The measurements were re
peated after nitrogen had been passed through the solution rap

idly for 2 minutes (columns 2 and 3, 
Table III). There was no further de
crease in the current at these positive 
potentials after nitrogen had been passed 
through the solution for a total of 10 
minutes.

In experiment 2, the procedure used 
in the previous experiment was followed 
but the solution was also 0.004 M  in 
manganous ion before the oxidation. 
No reduction of oxygen was found at 
+0.15 volt (S. C. E.). The small value 
of 0.03 microampere at +0.1 volt 
(S. C. E.), due to reduction of oxygen, 
was measured in both the blank and 
the solution containing manganese. At
0.0 volt (S. C. E.) the effect due to oxy
gen was no longer the same in the blank 
and the solution containing manganese. 
It  follows that it is not necessary to re
move oxygen if the diffusion current is 
measured at +0.1 to +0.15 volt 
(S. C. E.).

These measurements using the manual 
instrument were substantiated with 
polarograms obtained with the Heyrovsk^ 
polarograph. The polarogram (curve 2, 
Figure 2), was made without oxidizing 
the manganese and without removing the 
air. Another portion of the same solu
tion was oxidized with lead dioxide to 
obtain curve 1. Air was not removed.

+ 0.1 volt. Av., »¿/millimolar concn,
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T a b le  I I I .  E f f e c t  o f  A m  o n  t h e  W a v e

Solution 0.004 M  M s . 0.4 M  KjPiCh, 0.08 per cent peptone, pH  «  2.3 (approx.) using H 2SO4 (1.1)
and thymol blue.

Capillary I I I .  m /»¿I/« »  2.150 mg.J/*sec. -I/* at Ed. e. =  +0.1 volt.

,— Experiment 1, No M n  Present— * *—Experiment 2, 4 Millimolar M n il i—*
N j passed N 2 passed
through Current through Current due

Air not solution due to air Air not solution to air in M n
Ec (S. C. E.) removed 2 minutes in blank removed 2 minutes solution

1

4-0.25 - 4 .35 -4 .35 0 4.30 4.30 0
+ 0.24 -2 .86 - 2 .8 6 0 5.55 5.55 0
+ 0.22 -0.5G -0 .56 0
+ 0.20 -0 .38 - 0 .38 0 0.43 9!43 '0  '
+ 0.15 - 0 .20 -0 .20 0 9.65 9.65 0
+ 0.1 -0 .13 - 0 .16 + 0.03 9.84 9.81 + 0.03
+ 0.075 0.00 9.89 9.84 + 0.05
+ 0.05 + 0.13 - 0 .10 + CL23 9.98 9.86 + 0.12
+0.025 + 0.24 10.06 9.88 + 0.18

0.00 +0.41 - 0 .0 0 +Ô.47 10.16 9.90 + 0.26

01
UJ
cc
UJ
Q-

2
<
O
cr

POTENTIAL VS. S.C.E.

F lG U RE  2. POLAROGRAM

5 millimolar tri-dihydrogenpyrophosphatomanganiate, 0.4 M  
sodium pyrophosphate, 0.8-0.9 M  nitric acid, 0.1 per 
cent gum arabic, pH  =* 2.00; oxidized with lead dioxide; 
air not removed 

Solution used in 1 before oxidation with lead dioxide

The wave starting at +0.05 volt (S. C. E.) in both curves is due 
to the first step of the reduction of oxygen. The wave starting 
at —0.4 volt (S. C. E.) in curve 1 is due to the reduction of the 
plumbous ion.

Reagents

P o t a s s iu m  P y r o p h o s p h a t e , 2 M. Slowly pour 132 grams of 
anhydrous potassium pyrophosphate into about 150 ml. of water 
while stirring. Dilute to exactly 200 ml.

N it r ic  A c id  (1 to 1). Dilute 100 ml. of freshly boiled concen
trated nitric acid with 100 ml. of water.

S u l f u r ic  A c id  (1 to 1). Dilute 100 ml. of concentrated sul
furic acid with 100 ml. of water.

G u m  A r a b ic , 2 per cent. Add 1 gram of gum arabic to 49 
grams of water and heat to boiling while stirring. This solution 
is stable for several days.

P e p t o n e , 2 per cent. Dissolve 1 gram of Merck’s peptone, 
“dried”, from meat', in 49 grams of boiling water. This solution 
may be kept in a stoppered bottle containing a few milliliters of 
carbon tetrachloride, kept cool, or prepared fresh after 48 hours.

T h y m o l  B l u e  S o l u t io n , 0.1 per cent. Mix 0.1 gram of dry 
thymol blue with 21.5 ml. of 0.01 N  sodium hydroxide in a mortar 
and dilute to 100 ml. with water.

Procedure

POLAROGRAPHIC DETERMINATION OF MANGANESE AS TrI- 
d ih y d r o g e n  P y r o p h o s p h a t o m a n g a n ia t e . The sample to be 
determined may contain from 1 to 100 mg. of manganese as the 
nitrate, sulfate, or perchlorate in approximately 50 ml. of aqueous 
solution. Iron may be present in quantities up to 0.2 gram, but 
chromium, vanadium, and cerium interfere.

Transfer the sample quantitatively to a 100-ml. volumetric 
flask, and add enough nitric acid (1 to 1) or sulfuric acid (1 to 1)

to make the total amount of mineral 
acid present equivalent to 12 ml. of 
nitric acid (1 to 1) or 4.5 ml. of sulfuric 
acid (1 to 1). Slowly add 20 ml. of 2 M  
potassium pyrophosphate to the solu
tion while swirling. Add 2 or 3 drops of 
thymol blue. Add more acid or am
monium hydroxide dropwise until the 
color becomes orange, corresponding to 
a pH of 2.0 to 2.4. Add 5 ml. of 2 per 
cent gum arabic or 5 ml. of 2 per cent 
peptone. Dilute to the mark and mix 
thoroughly.

Transfer a few milliliters to a polaro- 
graphic cell and measure the residual 
current as described below for the oxi
dized solution. Add about 1 gram of 
manganese-free lead dioxide for each 25 
to 50 mg. of manganese present and 
shake intermittently for 5 to 10 minutes. 
Filter through a dry retentive filter 
paper such as Whatman No. 42 into a 

clean polarographie cell. Rinse out the cell with the first por
tion of the filtrate and collect a suitable volume of the filtrate.

Use an external anode. Five milliliters of c. p . carbon tetra
chloride may be added to cover the mercury drops collecting at 
the bottom of the cell. Just before starting the measurements 
insert the dropping mercury electrode. Measure the current at 
+0.1 volt and +0.15 volt (S. C. E.) if the manual instrument is 
used.

If  the automatic recording instrument is available, use the 2- 
volt accumulator. Turn the switch to “anodic and cathodic 
polarization”. The applied potential is zero when the sliding 
contact is at the exact center of the resistance wire. Regulate 
the voltage so that each abscissa line corresponds to 0.1 or 0.05 
volt. Choose a galvanometer sensitivity sucn that the wave has 
a suitable height from +0.1 to +0.15 volt (S. C. E.). Start the 
polarogram at +0.35 volt (S. C. E.). If iron is present, stop the 
motor as soon as the light beam moves past the camera, then 
with the sliding contact disengaged record the zero current line 
for a distance of 1 or 2 mm. on the sensitized paper. I t  is desir
able to run the residual current on the same polarogram.

T a b l e  IV. P r o p o r t io n a l it y  b e t w e e n  D if f u s io n  C u r r e n t  

a n d  C o n c e n t r a t io n  o f  M a n g a n e s e

Capillary I  — 1.314 mg.*/’ see.-1/ 1 a t Ed. e. ■= +0.1 volt.
Procedure used except 0.02 per cent agar used and nitrogen bubbled 

through solution 2 minutes.

Final True Diffusion
M illimolar Apparent Diffusion Current
Concn. of Diffusion Current per M illi

Sxperi- Complex Current (Corrected molar Con
ment Manganic Measured for Resid centration
No. Ion M n  Taken at +0.1 Volt ual) of Complex

Micro- Micro Micro
Mg. amperes amperes amperes

1 0 0 - 0 .07 ....
2 0 0 -0 .07
3 0.2 1.1 + 0.25 0!32 i'.oo
4 0.5 2.75 0.69 0.76 1.52
5 1 5.49 1.46 1.53 1.53
6 1 5.49 1.47 1.54 1.54
7 2 10.99 3.02 3.01 1.54*
8 3 16.48 4.57 4.64 1.547
9 5 27.47 7.68 7.75 1.55«

10 10 54.93 15.40 15.47 1.54 7
11 10 54.93 15.32 15.39 1.53.
12 20 109.86 30.70 30.77 1.53«

Av. 1.54

Proportionality between Diffusion Current and  
Concentration o f Manganese

The results reported in Table IV show that proportionality 
exists between diffusion current and the concentration over 
a wide range of concentrations.

The deviation from the average was more than 1 per cent 
only when very low concentrations of manganese were used.

The determinations were made according to the general 
procedure. A few polarograms are given in Figure 3. Even 
at very low manganese concentrations, oxygen from the air 
does not interfere.
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Structure of M angani Pyrophosphoric Acid

If manganic orthophosphate is dissolved in meta, pyro, 
or sirupy orthophosphoric acid, violet-colored complex com
pounds are formed. These compounds have been named 
mangani metaphosphoric acid, mangani pyrophosphoric acid, 
and mangani orthophosphoric acid, depending on the acid 
in which they were prepared.

A study of the literature reveals that the following types of 
trivalent manganese compounds have been crystallized from 
solutions of the various acids:

1. From orthophosphoric acid 
M nPO«.HaO, green gray in color (4)

2. From pyrophosphoric acid 
Mn«(Pa07)j. 14HjO, pale violet (J)
NaMn(PsCh) .5H jO , pale red (11)

3. From metaphosphoric acid 
M n (P O i)j.H *0 , red (i)

Rosenheim (11) observed that many compounds of the 
type M1, MnP207.3Hj0 , crystallized from solutions con
taining the mangani pyrophosphoric acid. He suggested 

the formula [Mn (h?0)i] for the anion of the violet complex 
acid in aqueous solution. This formula has been adopted 
in the literature. The assumption of similarity between 
the complex in solution and the crystalline form obtained is 
not justified.

The violet manganic complex with pyrophosphate de
scribed in this paper has properties which are very similar 
to that of the trioxalatomanganiate complex. The latter has 
the following structure:

Mn

which is stabilized by the five-membered chelate ring. A 
similar structure with a six-membered chelate ring is ob
tained when the dihydrogen pyrophosphate ion combines 
with manganic:

Mn

Various observations substantiate the conclusion that the 
dissolved violet complex dealt with in this paper is the tri
dihydrogen pyrophosphatomanganiate of the above struc
ture.

The pH of an alkali dihydrogen pyrophosphate solution is 
about 4.25. As is evident from Table I, the violet complex 
is stable at this and lower pH. In order to obtain a stable 
solution of the violet complex it is necessary to have present 
a large excess of dihydrogen pyrophosphate. This indicates 
that the violet complex has ionic bonding and that it has a 
relatively small stability constant. Cartledge and Nichols 
(S) in their study of trimalonatomanganiate arrived at a 
similar conclusion.

When the pH is of the order of 5 or larger dihydrogen 
pyrophosphate ions in the complex may be replaced by water 
molecules, producing the brown-colored complex. This 
behavior has been observed by Cartledge et al. (2, 3) in the 
study of trimalonatomanganiate and the trioxalatomangani
ate complexes.

Tomula and Aho (IS) found in transport measurements 
that the violet manganic pyrophosphate complex migrates 
toward the anode. This observation eliminates the pos
sibility that pyrophosphoric acid occupies the coordination

POTENTIAL VS. S,C.E.

F ig u r e  3. P o l a h o g r a m

1 millimolar tri-dihydrogenpyrophosphatomanganiate, 0.4 
M  sodium pyrophosphate, 0.8-0.9 M  nitric acid, 0.1 per 
cent gum arabic, pH  =» 2.00; air not removed 

Like 1 but 0.5 millimolar M nU I 
Like 1 but 0.2 millimolar M n ll l
Residual current. Solution used in 3 before oxidation with 

lead dioxide

T a b l e  V . D if f u s io n  C o e f f ic ie n t  o f  V io l e t  C o m p l e x

Capillary
No. m

t at -f 0.1 
Volt vs.

S. C. E. in 
0.4 M  Pyro
phosphate 
at pH  2.3

mi/ l t 1/6 

at -f 0.1 Volt

id per 
M illi

mole per 
Liter D  X  10*

I

Mg./sec. 

1.051 4.10 1.31 1.54

Sq. cm./sec. 

0.375
I I 2.111 2.92 1.97 2.30 0.373

I I I 2.625 2.08 2.15 2.50 0.369

Av. 0.373 ■*= 0.003

places in the complex. The possibility that trihydrogen 
pyrophosphate ions occupy the coordination positions is not 
considered probable, because an alkali trihydrogen pyro
phosphate solution has a pH of about 1.40 and the complex 
was found stable at a pH of 4. Evidence that the complex 
is tri-dihydrogen pyrophosphatomanganiate was obtained 
from the calculation of the diffusion coefficient of the com
plex ion. The diffusion coefficient was calculated from the 
polarographic results with the aid of the Ilkovic equation:

id = 605 n C

By titration with ferrous sulfate it had been found that the 
manganese in the complex is present in the trivalent form. 
Hence n in the above equation is equal to one, assuming that 
the complex ion contains one manganic ion.

The diffusion coefficient was calculated from three sets of 
measurements with three different capillaries. The results 
are summarized in Table V.

For the sake of comparison the authors have also cal
culated the diffusion coefficient of the trioxalatocobaltiate 
ion from its diffusion current using capillary I. The medium 
was 1 M  in potassium oxalate, 0.2 M in ammonium acetate, 
and 0.5 M  in acetic acid, and contained 0.018 per cent gelatin. 
The solution had a pH of 5.0. The average value of the 
diffusion coefficient calculated was 0.523 X 10~5 sq. cm. per 
second.

Using Jander’s (9) expression for the relation between the 
molecular weights and diffusion coefficients of two closely 
related species x and k:

M■ - (fast "*



January 15, 1943 A N A L Y T I C A L  E D I T I O N 13

in which Z is the specific viscosity of the solution, D, the 
diffusion coefficient, and M  the molecular weight, it is pos
sible to calculate the molecular weight of the manganic 
pyrophosphate complex. The viscosities of the media in 
which the diffusion currents of the manganiate and cobaltiate 
complexes were determined were nearly identical.

The formula of the oxalatocobaltiate has been proved (2)
to be Co(C204)3-- , corresponding to a molecular weight of
323. Substituting the various values in the above equa
tion we find:

M. =
(5.23 X 10-»)8 
(3.75 X  lO“»)*

X 323 = 628

Assigning to the manganic dihydrogen pyrophosphate com
plex the formula [Mn(HjP207)»3_2"] we calculate from the 
molecular weight of 628 a value of n — 3.25. Since Jander’s 
equation is only approximate we may consider the agreement 
between the expected value of n — 3 and the calculated one 
of 3.25 as satisfactory. The result of the molecular weight

calculation indicates that the complex has the formula 
[Mn(H2P20r)3]-- .
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A Modified Stock Valve
EARL W ARRICK a n d  PAUL FUGASSI 

Carnegie Institute of Technology, Pittsburgh, Penna.

THE use of porous disks in combination with a mercury 
cutoff as a stopcock substitute was first suggested by 
Stock (2), who used two disks. A modified type of valve using 
only one disk, to permit more rapid passage of gas through 

the valve, was constructed by Schumb and Crane (1).
The valve described uses one sintered-glass disk and has 

been designed to have a minimum of dead-end space and to 
withstand a pressure difference of 
one atmosphere in either direction 
without use of a barometric height 
of mercury. It has been used for 
pure gases only. Passage of a gas 
mixture with components of widely 
different molecular weights through 
the valve might lead to changes in 
the composition of the mixture.
This new valve is more difficult to 
construct than the design of Schumb 
and Crane and is not so suit
able for controlling the flow of 
liquids.

The construction of the valve is 
obvious from Figure 1. The sintered 
disk must have pores sufficiently 
fine so that mercury will not flow 
through the disk at the pressure dif
ferences which usually exist across 
the valve. If the valve is to with
stand a pressure difference of one 
atmosphere, the commercially avail
able disks with the smallest pores 
(graded as either D or F) should be 
used. For pressure differences lower 
than one atmosphere, coarser disks 
may be employed advantageously 
as they offer a lower resistance to the 
flow of gas through the valve. 
The sintered disk was obtained 
already sealed in a glass tube. In 
making seals near the sintered disk, 
the tubing and the disk should be

heated slowly and uniformly. It  is convenient to make the tubes 
leading to the mercury reservoir so long that when the line is 
evacuated, all the mercury in the valve can be withdrawn with a

Eressure of 30 mm. in the reservoir. Then a water aspirator may 
e used to operate the valve.
To close the valve, mercury is admitted to the compartment 

which is at the higher pressure. The gas pressure forces the 
mercury against the sintered disk and prevents flow of gas 
through the disk. If the pressure on one side of the valve fluctu
ates during the experiment above and below the pressure on the 
other side, mercury should be placed in both compartments. 
When both compartments have been filled with mercury, and the 
valve is to be opened, mercury should be withdrawn first from the 
compartment which is at the lower pressure. This procedure 
avoids rapid bubbling of the gas through the mercury and the 
possible spraying of liquid mercury through the line.

This valve possesses the advantages and the disadvantages of a 
mercury cutoff, such as freedom from leaks, no contact between 
gas ana stopcock lubricant, and contamination of the gas with 
mercury vapor. In comparison with the conventional mercury 
cutoff, it is more compact and requires less mercury. However, 
the sintered disk offers considerable resistance to gas flow. To 
measure the magnitude of this effect, a series of now tests was 
made on air using a 20-mm. Pyrex disk, No. 39570 F. The 
volume of air flowing through the disk in definite time intervals 
was measured with a wet gas meter, and the pressure difference 
across the disk was obtained with a dibutylphthalate manometer. 
The pressure difference across the disk was varied over the range 
3.4 to 0.5 mm. of mercury. The experimental rate of flow was 
approximately constant over the given pressure range and was 6.5 
cc. of air (25°, 1 atmosphere) per minute per mm. of pressure 
difference. As the measurements were made at a pressure near 1 
atmosphere, it may be assumed that the pore diameter is large, 
relative to the mean free path of the gas molecules and that the 
flow is isothermal. Calculations show that a disk 2 mm. thick is 
equivalent to a capillary tube 2 mm. long and 0.16 mm. in 
diameter. Obviously, evacuation will take longer with this 
valve in the vacuum line than with the usual stopcock. The 
speed of evacuation may be increased by using larger disks. 
However, for kinetics investigations, traces of oxygen or other 
unwanted gases can be removed by flushing the reaction cell five 
or six times with the reactant gas. The flushing procedure is just 
as effective and takes much less time than prolonged evacuation.
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Lipoid Oxidase Studies
A Method for the D eterm ination o f  Lipoxidase Activity

R . J . SU M N ER1 

New York State Agricultural Experiment S tation , Geneva, N . Y.

THE work of Sumner and Sumner (4) proved that the 
bleaching of carotene by the enzyme “carotene oxidase” 
is an indirect result of the action on unsaturated fats of a fat- 
peroxidizing enzyme. The existence of this lipoxidase had 

been noted by a few workers (1, 2, 3).
A method for the quantitative determination of enzymic 

peroxidation has been devised. It was found that the fat 
peroxides in dilute water suspension oxidize ferrous iron, and 
the ferric iron formed can be determined colorimetrically as 
the thiocyanate, according to the following reactions (5):

-CH=CH— + Oí •li|,oxi-̂ i (>- > -CH—CH—

¿ - J»
—CH—CH—  + 2Fe++ + 2H+ — >- —CH—CH— + 2Fe+++

| T 0 0
0 O H H

2Fe+++ + 6CNS- — v  Fe[Fo(CNS),] (colored)

Details of M ethod

In a clean, dry 250-cc. Erlenmeyer flask are placcd 5 mg. of 
linoleic acid dissolved in 5 cc. of acetonc, and 100 cc. of water and 
5 cc. of citrate buffer (pH 6.5) are added. [The buffer was made 
by mixing 55 cc. of a solution of citric acid (21.008 grams per 
liter) and sodium hydroxide (8 grams per liter) with 45 cc. of
0.1 N  sodium hydroxide.] This mixture is brought to 25° C., and 
1 cc. of aqueous enzyme extract is added and allowed to react 
for the desired time, the flask being rotated to produce adequate 
agitation. Ten cubic centimeters of concentrated hydrochloric 
acid are added to stop the reaction and to provide an acid medium 
for the oxidation of the ferrous iron by the fat peroxide, and 1 cc. 
of a 5 per cent solution of ferrous ammonium sulfate in 3 per 
cent hydrochloric acid is added. Either of the procedures dis
cussed below may then be used.

T a b l e  I .  D e t e r m in a t io n  o p  L i p o x id a s e  C o n t e n t

Enzyme
Source

Galvanom
eter

Reading Fe + + +
Net 

Fe + + +
Total 

Fe + ++
Time of 
Reaction

Weight
of

Enzyme
Source

Lipoxidase
Content

-y/cc. y/cc. 7 Afin. Oram Units/gram

1. Soybean meal 
No. 1 
Blank 
No. 2 
Blank

19.6
64.0 
19.3
64.0

2.99
0.62
3.03
0.62

2.37

2.41

607

617

0 .5

0.5

0.01
0.01
0.01
0.01

34,700

35,200

2. Green beans 
No. 1(a) 
No. 1(b) 
B lank

14.4
28.3
59.3

3.67
2.20
0.76

2.91
1.44

746
369

7
4

0.5
0.5
0.5

72.0

A . D e t e r m in a t io n  o f  F e r r ic  T h io c y a n a t e  i n  A l c o h o l - 

W a t e r  S o l u t io n . Ten cubic centimeters of the above mixture 
are transferred to the colorimeter cell. Exactly 15 minutes after 
the addition of the ferrous salt (15 minutes was found necessary 
for complete decomposition of the fat peroxide), 10 cc. of ethyl 
alcohol are added to the contents of the cell. This removes the 
turbidity produced by the presence of the fat. One cubic centi
meter of 20 per cent ammonium thiocyanate is added and the 
colorimeter cell (a large test tube) is shaken. The .tube is placed 
in the colorimeter and the galvanometer scale reading is recorded. 
[Wratten filter No. 65 (green) was used in the colorimeter.] 
Atmospheric oxidation of the ferrous iron produces a slow drift 
in the scale reading if the solution stands for any length of time.

1 Present address, Mellon Institute, Pittsburgh, Penna.

B. D e t e r m in a t io n  o f  F e r r ic  T h io c y a n a t e  i n  I s o a m y l  

A l c o h o l . Twenty cubic centimeters of the oxidized fatty acid 
solution are transferred by means of a pipet to a 100-cc. test tube, 
and exactly 5 cc. of isoamyl alcohol are added. Then 5 cc. of a 
solution of 20 per cent ammonium thiocyanate are added, and 
the test tube is stoppered and tipped slowly upside down about 
six times. This gives complete extraction of the color without 
producing emulsions or turbidity. The layers are allowed to 
separate, 5 cc. of isoamyl alcohol are added and uniformly mixed 
by gentle swirling of the tube, and 5 cc. of the red isoamyl alcohol 
layer are pipetted into a 25-cc. volumetric flask. The flask is 
filled to the mark with isoamyl alcohol. The color may be 
measured in a photoelectric colorimeter, as in procedure A, or in 
a Duboscq colorimeter.

In either procedure the ferric iron content of the solution is 
determined in micrograms per cubic centimeter by reference 
to a standard curve, or by comparison with the color formed 
by a standard iron solution. From these data the total ferric 
iron in the reaction mixture may be calculated. A simple 
straight-line graph is convenient for this calculation.

With either method, a blank determination must be used 
to compensate for the iron in the reagents and for atmospheric 
oxidation during the manipulation. The blank determination 
is carried out exactly as above, except that the enzyme ex
tract is added after the solution has been acidified, so that there 
is no enzyme action. The ferric iron value obtained is sub
tracted from the value for the active reaction mixture.

Procedure A is rapid and economical, but requires the use 
of a photoelectric colorimeter, since the red color in water and 
ethyl alcohol is not sufficiently stable for use in a visual color
imeter. Procedure B is designed for application of the method 
when a photoelectric instrument is not available.

Application of the Method

-- On the basis of this analytical technique, a
unit of lipoxidase was defined as the activity 
which, in the presence of 5 mg. of linoleic acid 
in the described mixture, catalyzes the reaction 
of 1 microgram of oxygen in 1 minute at 25° C. 
at pH 7.

Using aqueous suspensions of the pulverized 
materials as enzyme extracts, the lipoxidase 
content of various enzyme sources was com
pared. Since in the early stages the amount 
of peroxidation was not directly proportional 
to the time of reaction, it was necessary to 

______ establish the configuration of the reaction curve
in each case. The enzyme concentration was 
calculated from a time interval lying on the 

straight-line portion of the curve. A collection of illustrative 
data is presented in Table I.

In Table I, the galvanometer readings indicate the amount 
of light transmitted by the ferric thiocyanate solution. The 
calibration curve formed by plotting the galvanometer read
ings against the ferric thiocyanate concentration is logarith
mic in form. Hence, at high color concentrations the sen
sitivity of the method decreases, the useful limit of concen
tration being about 4 micrograms of ferric iron per cc.

It is obvious from Table I, that the use of a short reaction 
time and a diluted enzyme extract multiplies the error when 
calculating the lipoxidase concentration, although in such

14
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T a b l e  I I .  Q u a n t i t a t i v e  C o m p a r is o n  o p  L ip o x id a s e  S o u r c e s

Lipoxidase Unitage per Gram 

Enzyme Source Fresh weight D ry  weight

Soybean meala
Peas (green Telephone) 1,400
Potatoes (fresh Irish Cobbler) 378
W heat germ
Green string beans 71
Alfalfa, freshly cut 26
Asparagus (Green Jumbo) 7.2

35,000
6,220
2,150

810
790

90
74

** Dry Seneca soybeans, ground and thoroughly extracted with petroleum 
•ether at 25° C.

cases the reaction curve can be considered to be a straight line, 
which simplifies the determination. In the second example 
presented, the enzyme concentration was calculated from 
a 3-minute interval lying on the straight-line portion of the 
curve formed by plotting peroxidation against time.

Table II presents the results of the investigation.

Sum m ary and Conclusions

A rapid colorimetric method for the determination of the 
activity of the enzyme lipoxidase is based upon the fact that 
the resulting fat peroxide oxidizes ferrous iron. The ferric ion 
formed is determined as the colored thiocyanate complex by 
means of a photoelectric colorimeter.

The lipoxidase content of several vegetables was compared 
by means of this method.
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Separation and Determination of Protein Sulfur, 
Sulfide Sulfur, and Other Sulfur

In Sodium  Sulfide D ispersions o f  K eratins
E A R L  F. POTTER AND CHASE B R EESE  JON ES 

Western Regional Research Laboratory, Bureau o f Agricu ltural Chem istry and Engineering, A lbany, Calif.

D
URING a study by the junior author of the dispersion of 
certain keratins in solutions of sodium sulfide, it became 

desirable to determine separately the protein sulfur, sulfide 
sulfur, and, as a third fraction, other sulfur compounds. A 
review of the literature failed to provide a method suitable 
for such a separation. Theis and Ricker (9) studied the 
inorganic sulfur compounds produced during prolonged action 
of alkaline sulfide solutions on cowhide, but they reported no 
work on the protein sulfur.

Several methods for obtaining the desired separation were 
tried, including treatment of the dispersion with mineral 
acids, with lead acetate, and with trichloroacetic acid.

Treatment of the dispersion with mineral acids would re
lease hydrogen sulfide from sulfides present, but this treat
ment would also release sulfur dioxide from sulfites and bisul
fites and, if the acid were sufficiently concentrated, sulfur 
from thiosulfates. The acid concentration required to pre
cipitate the protein was sufficiently high to release sulfur 
dioxide from sulfites and precipitate sulfur from thiosulfates.

Precipitation of the dispersion with normal lead acetate, 
filtering, and washing with hot ammonium acetate and then 
with hot water separated the other sulfur compounds from 
the protein and lead sulfide formed but provided no means 
■of separating the two latter groups.
• The protein dispersion is colloidal, and mineral salts are 
effective in flocculating the disperse phase. As aluminum 
salts are very effective in flocculation (6) a water suspension 
of basic aluminum acetate was found to precipitate the pro
tein present and also to liberate hydrogen sulfide from the 
sodium sulfide present. The use of basic aluminum acetate 
was also found to be applicable to the separation of sulfides 
from sulfites, thiosulfates, and sulfates.

Three dispersions were analyzed by the method discussed 
in this paper.

The protein materials used were chicken feathers, hog hair, and 
wool. The sulfur contents of these materials, based upon their 
air-dry weight, were: chicken feathers, 2.3 per cent; hog hair, 
5.6 per cent; and wool, 3.6 per cent. The keratin dispersions 
were prepared by a modification of the method described by 
Goddard and Michaelis (4). These dispersions contained about 
7 per cent of the protein material in 0.1 M sodium sulfide. Total 
sulfur was determined in the protein materials by an alkaline 
permanganate fusion (8). The official magnesium nitrate igni
tion {2) and the alkaline permanganate fusion (8) were used on 
the precipitated proteins, and the two methods gave the same 
results. Magnesium nitrate did not wet the chicken feathers, 
and so was not used for the determination of total sulfur in this 
material.

The basic aluminum acetate method was also tried on 
solutions of sodium sulfide, both by itself and mixed with 
some other sulfur salts, to determine whether it would be 
successful in separating sulfide sulfur from other sulfur 
compounds. Also, sodium sulfide and other sulfur salts were 
added to the feather dispersion and the sulfide sulfur was 
separated by the aluminum acetate.

Reagents
Basic aluminum acetate, suspension of 5 grams in 100 ml. of 

water.
Lead acetate, basic, dry powder, a 1 per cent solution, as for 

sugar analysis by the Horne method.
Bromine-hydrobromic acid, equal volumes of 48 per cent 

hydrobromic acid and bromine.
Magnesium nitrate, dissolve 150 grams of magnesium oxide in 

nitric acid (1 +.1), avoiding an excess of acid. Add a little 
magnesium oxide in excess, filter from excess of magnesium oxide, 
iron oxide, etc., and dilute to 1 liter (i).

Potassium permanganate, a saturated solution.
Sodium hydroxide, a 15 per cent solution; also solid.
Nitrogen, compressed.
Hydrochloric acid, concentrated and diluted 1 to 1 with water.
Sodium carbonate, solid, anhydrous.
Methyl orange, water solution, 0.5 gram per liter.
Barium chloride, a 10 per cent solution.
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Carbon disulfide, analytical reagent.
iV-Octadecyl alcohol, a saturated solution in 95 per cent ethyl 

alcohol.
Ammonium hydroxide, concentrated.

Procedure

A 2-ml. sample (weighed) of the keratin dispersion was washed 
into a flat-bottomed vial (D. Figure 1) with the minimum amount 
of water necessary and 5 ml. o f n-octadecyl alcohol reagent were 
added to minimize foaming. Basic aluminum acetate suspension 
was added, the mixture was heated, and the hydrogen sulfide 
evolved was swept with nitrogen into a basic lead acetate solu
tion. This reaction was carried out in the apparatus shown in 
Figure 1.

Two milliliters of the basic aluminum acetate were drawn into 
the pointed tube, C, a clamp at A was tightened and another at 
B loosened, the T-tube was connected, and C was lowered into 
the solution in vial D. Nitrogen was then turned on so that 3 or
4 bubbles a second passed through the water in bottle II. Con
nections were completed with test tubes F and G; vial D was 
lowered into boiling water in the 400-ml. Griffin beaker, E; the 
clamp at A was loosened and that at B tightened, whereupon the 
stream of nitrogen drove the basic aluminum acetate into the 
dispersion, precipitating the protein and evolving hydrogen 
sulfide from sulfides present. The hydrogen sulfide was carried 
into the basic lead acetate solution in F, precipitating lead sul
fide. Tube G also contained basic lead acetate and was used only 
as a precaution. All the hydrogen sulfide was driven off in 5 
to 10 minutes and further heating was avoided, since it caused 
the protein to stick to vial D. The stopper containing tube C 
was removed from D while the nitrogen was still bubbling through 
it to prevent protein material from collecting inside the tube.

The protein was broken up with a rubber-tipped stirring rod, 
transferred to filter paper in a Biichner funnel, and washed thor
oughly with hot water. The final volume of the filtrate was 
usually about 250 to 300 ml. The protein was then ignited with 
about 15 ml. of magnesium nitrate solution or with 10 ml. of 
permanganate solution plus 1 ml. of 15 per cent sodium hydroxide.

The alkaline permanganate fusion was made at 600 ° C. instead 
of at 500° C. as in the original method (S), but after fusion the 
mixture was treated as directed by Pollock and Partansky (8). 
The magnesium nitrate ignition mixture was analyzed by the
A. O. A. C. method (2). After the ignition mixture was dissolved, 
the solution was made just acid to methyl orange by the proper 
use of ammonium hydroxide and hydrochloric acid. About
0.5 ml. of hydrochloric acid per 100 ml. of solution was then 
added and the solution was heated to boiling. Two milliliters 
of the barium chloride solution were then slowly added from a 
pipet, with constant stirring of the solution. The solutions were 
kept at about 40° C. overnight, filtered through weighed Gooch 
crucibles, and the precipitated barium sulfate was washed with

hot water. The barium sulfate was then ignited at a cherry red 
heat in a muffle furnace (about 650° C.) to constant weight, cooled 
for an hour in a desiccator, and weighed.

The filtrate from the precipitated protein contained the other 
sulfur compounds. To it were added about 5 grams of sodium 
hydroxide and 5 ml. of bromine water. The solution was kept 
alkaline (3). It was heated on a steam bath for an hour, acidified 
with hydrochloric acid (1 + 1), and boiled to expel bromine, 
and the sulfur was determined as before.

The sulfide sulfur was determined by dissolving the lead sulfide 
in tube F (Figure 1) in 3 ml. of bromine-h^drobromic acid mix
ture, heating gently until all bromine was driven off, then cooling 
and neutralizing with sodium carbonate. Tall-form beakers 
were used to avoid loss by effervescence. An excess of about 
1 gram of sodium carbonate was added and the solution was 
boiled for about 15 minutes. Lead carbonate w'as precipitated 
and sodium sulfate remained in solution. The lead carbonate 
was filtered off and freed from sodium sulfate by washing. The 
filtrate was then made slightly acid with hydrochloric acid (1 + 
1) and the sulfur was determined as before.

The amount of basic aluminum acetate necessary to precipitate 
the protein and drive off the hydrogen sulfide was determined by 
treating the dispersion with measured quantities of basic alu
minum acetate, boiling until the hydrogen sulfide was all evolved, 
and testing the solution with a drop of 10 per cent normal ace
tate. The time necessary to remove the hydrogen sulfide was 
also determined by testing at intervals with lead acetate paper. 
Care was taken to have all rubber and glass connections per
fectly dry before the operation was started, so that no hydrogen 
sulfide would be dissolved in the water present.

Preliminary determinations of the sulfur content of 
methionine and cystine were made by the official magnesium 
nitrate method and the alkaline permanganate fusion method. 
The results, given in Table I, show that a fusion temperature 
of 600° C. must be used with the alkaline permanganate 
fusion method to obtain the true amount of sulfur in methio
nine. The results obtained by this method compared favor
ably with those obtained by the magnesium nitrate ignition.

Results and Discussion

Three sodium sulfide dispersions of keratins were analyzed 
for total sulfur by fusion and the three fractions of sulfur 
compounds separated from each dispersion by the use of 
basic aluminum acetate were also analyzed for sulfur. The 
analyses were made in duplicate or triplicate on freshly pre
pared dispersions. Analyses were also made of dispersions
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(Comparison

T a b l e  I.

of

D e t e r m in a t io n  o f  S u l f u r

magnesium nitrate method and alkaline permanganate 
method)

Material 

d,¿-Methionine 

Z-Cystine

Magnesium
nitrate

----Sulfur Obtained----

Alkaline
permanganate

method Sulfur
method 500° C. 600° C. theoretical

% % % % -

21.52 16.97 21.56 21.47
21.55 16.98 21.53

20.20 26.40 26.63
26.36 26.44

T a b l e  II. B a s ic  A l u m in u m  A c e t a t e  S e p a r a t io n  o p  S u l f u r  

i n  S o d iu m  S u l f id e  D is p e r s io n s  o p  K e r a t in s

Protein
Sulfur

Sulfide
Sulfur

Other
Sulfur Sum

Total
Sulfur

by
Fusion
Method

Mg./a. Mg./g. Mg./g. Mg./g. Mg./g.

Feather dispersion, 2.3 2.1 1.1 5.5 5.3
freshly prepared 2.4 1.9 1.1 5.4 5.5

Feather dispersion,
stood 1 month 1.8 None • 3 .6 5.4

Hog hair dispersion, 4.1 1.5 0.7 6.3 6.1
freshly prepared 4.4 1.3 0.7 6.4 6.1

4.1 1.4 0.6 6.1

Hog hair dispersion, 4.2 None 2.2 6.4
stood 15 days 4.1 None 2.2 6.3

Wool dispersion, freshly 3.2 1.5 0.6 5.3 5.6
prepared 3.4 1.7 0.5 5.6 5.5

that had stood in the laboratory for some time, 
of these analyses are given in Table II.

The results

To test for the possible formation of elemental sulfur in the 
protein fraction upon standing, the protein was separated from 
duplicate samples of a hog hair dispersion that had stood in the 
laboratory for 15 days. One protein fraction was analyzed as 
usual; the other was washed twice with boiling carbon disulfide, 
after which it was dried and analyzed for sulfur. The results 
were nearly identical, showing that no sulfur had been removed 
from the second protein fraction; moreover, the residue from the 
carbon disulfide used in washing contained no sulfur.

The pH of a freshly prepared feather dispersion was 12.0. 
One milliliter of this material was diluted with 5 ml. of water 
(resulting pH 10.6) and boiled with 2 ml. of basic aluminum 
acetate (pH 4.5) until all the hydrogen sulfide was driven off. 
The solution was then cooled and again tested for pH, which was 
found to be 4.5.

Mixtures of the feather dispersion and various sulfur com
pounds were analyzed by the basic aluminum acetate method 
as described. Recovery of the added sulfur was complete and 
the amounts of protein sulfur and sulfide sulfur in the dis
persion were not affected. When sodium sulfide was added 
to the dispersion, the protein sulfur remained unchanged, the 
sulfide sulfur increased by the amount present in the sodium 
sulfide, and the other sulfur fraction also increased by the 
amount present in the added salt. When solutions of sodium 
sulfite, sodium thiosulfate, and potassium sulfate were added 
to the protein dispersion, analyses showed that the protein and 
sulfide sulfur of the dispersion remained unchanged, the 
sulfur of the added salt being included in the remaining sulfur 
of the dispersion. Sodium bisulfite, when added to the dis
persion, did not behave like the other added salts; an increase 
was observed in both the protein and sulfide sulfur fractions. 
Results of the analyses of mixtures of the protein dispersions 
with added sulfur compounds are given in Table III.

The sulfur distribution of a keratin dispersion in sodium 
ulfide solution is probably the result of an equilibrium be- 

een several reactions involving the inorganic sulfide ion

and the disulfide sulfur of the protein. Part of the original 
sulfide is oxidized to disulfide or to a polysulfide during 
reduction of the cystine residues of the keratin U). Another 
reaction that would also result in a decrease of the sulfide-ion 
concentration is that described by Nicolet and Shinn (7). 
In this reaction a part of the original sulfide sulfur is incor
porated into the protein molecule by addition to the double 
bonds formed by the action of alkali on the hydroxy amino 
acid residues of the original protein. On the other hand, it is 
possible that the final sulfide sulfur might include that part 
of the cystine sulfur which appears as inorganic sulfide during 
the conversion of cystine to lanthionine—a conversion which, 
as Horn and Jones (5) have shown, occurs upon treatment of 
proteins with sodium sulfide.

It is evident from the foregoing discussion that no con
clusion can be drawn from the data in Table II as to the 
sources of the sulfur in the three fractions. Indeed, this 
problem lies outside the scope of the present paper. How
ever, it is hoped that the method of separation and deter
mination of the sulfur fractions described here may be a useful 
tool (with cystine analyses, for example) in studies of the 
reactions involved in the dispersion of keratins by sodium 
sulfide and of the action of alkali on the sulfur of proteins.

T a b le  I I I .  B a s ic  A lu m in u m  A c e t a t e  S e p a r a t i o n  o f  S u l f u r  

i n  K e r a t i n  D is p e r s io n s  P l u s  A d d e d  S u l f u r  C o m p o u n d s

Protein Sulfide Other Total
Sulfur Sulfur Sulfur Sum Sulfur“

Mg. Mg. Mg. Mg. Mg.

Protein dispersion (1 gram) 2.3 2.1 1.1 5.5 5.4
2.4 1.9 1.1 5.4 5.5

Sodium sulfide (1 ml.) None 2.2 1.4 3.6 3.4
None 2.3 1.4 3.7 3.6

Protein dispersion (1 gram) 2.3 4.2 2.4 8.9 9.4
+  sodium sulfide (1 ml.) 2.4 4.1 2.5 9.0 9.2

Protein dispersion (1 gram) 2.5 1.9 7.7 12.1 11.9
+  sodium thiosulfate (1 
ml.)

2.3 2.0 7.9 12.2 12.2

Protein dispersion (1 gram) 2.4 1.9 2.7 7.0 6.9
-f- sodium sulfite (1 ml.) 2.3 2.0 2.6 6.9 6.9

Protein dispersion (1 gram) 2.5 2.0 4.4 8.9 8.6
+  potassium sulfate (1 
ml.)

2.4 1.9 4.5 8.8 8.7

Protein dispersion (1 gram) 2.8 2.9 1.2 6.9 6.7
-f- sodium bisulfite (1 
ml.)

2.9 2.6 1.1 6.6 7.0

° Alkaline permanganate fusion method.

Sum m ary of Results

The sulfur in sodium sulfide dispersions of keratins may be 
separated into three parts: protein sulfur, sulfide sulfur, and 
other sulfur compounds by means of basic aluminum acetate.

Sulfides may be separated from sulfites, thiosulfates, and 
sulfates, but not from bisulfites, by treatment with basic 
aluminum acetate.
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Determination of Pure Carotene in Plant Tissue
A Rapid Chrom atographic Method
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A
 RESEARCH project at this laboratory involved the 
accurate determination of the carotene content of many 

samples of fresh and dehydrated vegetable products. (Caro
tene referred to in this paper includes both alpha- and beta- 
carotene, in most cases approximately 10 per cent alpha and 
90 per cent beta.) The methods commonly used at present 
for the determination of carotene in plant materials depend 
upon the phasic separation of carotene from interfering pig
ments. The carotene is extracted from the plant material 
with solvents, such as alcohol or acetone, and then usually 
removed from the original extractant with petroleum ether. 
A number of workers (1, 8, 4, 9) have shown, however, that 
the petroleum ether phase obtained from dehydrated and 
stored plant materials or silage may still contain, after final 
purification, noncarotene chromogens, which are estimated 
as carotene.

Several methods (1, 2, 4) have been published in which the 
noncarotene chromogens are removed by contact adsorption 
or by passage through a Tswett column. In these procedures 
it is often necessary to activate the adsorbent and to carry 
out preliminary phasic separation with petroleum ether from 
the original solvent.

A procedure has been devised at this laboratory for the 
determination of carotene in dehydrated plant products with 
an adsorbent that requires no special activation and no 
phasic separation. The steps in brief consist of (1) extraction 
with a mixture of 30 per cent acetone and 70 per cent Skelly- 
solve B, (2) removal of most of the acetone by evaporation,
(3) separation of the carotene from interfering pigments by 
passage through an adsorption column of activated mag
nesium oxide, and (4) washing with 3 to 5 per cent acetone in 
Skellysolve B. The adsorbent is a modified mixture of 
Micron Brand activated magnesium oxide No. 2641 and Hyflo 
Super-Cel, first introduced by Strain (<9) for the chroma
tographic separation of various carotenoid pigments.

Procedure

E x t r a c t io n  o p  C a r o t e n e . Dehydrated plant material 
(1.00 gram), ground to 40-mesh or smaller, with a carotene 
range of 50 to 500 micrograms per gram is used for the deter
mination. One-half or 2-gram samples should be taken if the 
carotene content deviates from this range. The apparatus used 
at this laboratory is either a 300-ml. standard taper Erlenmeyer 
flask with a condenser and heated on a hot plate, or a Soxhlet 
apparatus with a 500-ml. Soxhlet flask. The material is refluxed 
for half an hour with 100 ml. of a mixture of 30 per cent acetone 
and 70 per cent Skellysolve B in the first apparatus, or for 1 
hour with 200 ml. if the Soxhlet apparatus is used, operating at 
a rapid siphon rate. If the former apparatus is used, the sample 
is filtered on a sintered-glass funnel (coarse porosity) into a 
500-ml. filter flask and washed with approximately 25 ml. of the 
Skellysolve three or four times. The filter flask, or the Soxhlet 
flask, containing the extract is placed directly in a steam bath and 
evaporated to 25 to 50 ml. Under no circumstance should all 
the solvent be evaporated, since this would destroy some of the 
carotene. This extraction procedure removes all the carotene 
but not all the chlorophyll.

S e p a r a t io n  o f  C a r o t e n e  f r o m  O t h e r  P ig m e n t s  b y  C h r o m a 

t o g r a p h ic  A d s o r p t io n . (This laboratory is at present using 
similar principles in large-scale preparation of carotene.) The 
adsorbent used is composed of three parts of Hyflo Super- 
Cel and one part of Micron Brand magnesium oxide, a specially 
activated product readily obtained on the commercial market 
at low cost. A  453-gram (1-pound) batch of adsorbent is con
veniently prepared by spreading the Super-Cel and magnesium 
oxide on a large sheet of paper and mixing by turning over the

heap approximately ten times, or rotating in a ball mill with the 
balls omitted.

The adsorption tube is made from a test tube approximately 
23 X 200 mm. with a piece of glass tubing attached to the bot
tom. A plug of cotton or glass wool is put in the bottom, and 
the adsorption tube is connected to a suction flask or a large 
vacuum desiccator or suction bell jar. If the two latter devices 
are used, the receiver may be a 100-ml, or 250-ml. volumetric 
flask, thus avoiding later transference of the solution to the 
volumetric flask. With the full vacuum of a water pump, the 
adsorbent is added until the height of the column is about two- 
thirds to three-fourths the height of the adsorption tube. All 
the adsorbent is firmly pressed with a plunger consisting of a 
glass rod and properly fitting cork, and the column is washed 
with approximately 50-ml. of Skellysolve, which is then dis
carded. The evaporated extract is poured on the wet adsorbent 
column, which removes all the pigments. The flask and column 
are washed with a mixture of 3 to 5 per cent acetone in Skelly
solve B until the solvent comes through colorless. The washings 
may be continuous or intermittent. Usually a total of 100 ml. is 
necessary. Full suction must be used with all the operations.

The chlorophyll and xanthophyll are held firmly at the top 
of the column, as are most of the other noncarotene pigments. 
The carotene is washed through the column by the acetone- 
Skellysolve mixture. The acetone is necessary because pure 
Skellysolve elutes the carotene from the column too slowly to be 
of value in routine analysis. Occasionally a small amount of 
noncarotene chromogen may be slowly washed down the column. 
The carotene is eluted much more rapidly, however, and no inter
ference results, particularly if the final washings are pure Skelly
solve B. In most cases the adsorbent may be used a number of 
times before it is discarded. The whole procedure of adsorption 
and elution, usually run in duplicate, takes from 5 to 10 minutes.

D e t e r m in a t io n  o f  C a r o t e n e . The carotene solution is 
made to volume and determined in any of the usual ways. In 
this laboratory a Lumetron photoelectric colorimeter provided 
with an H-4 mercury arc light and with two Corning No. 511 
filters plus a neutral gray filter or two Coming No. 511 filters 
plus a Corning Noviol N 038 filter were used. Since the caro
tene solution being estimated was relatively pure, both filter 
combinations gave the same results, but the latter filter set, 
transmitting at 440 mn, is intrinsically more accurate. A stand
ard calibration curve was made from S. M. A. carotene that was 
90 per cent beta and 10 per cent alpha, purified according to the 
method of Fraps and Kemmerer (1). All the carotene in the sam
ples was estimated as beta-carotene, although a small but variable 
fraction was alpha-carotene.

Extraction of Fresh Samples

A procedure developed by Moore and Ely (5) in which the 
Waring Blendor is used to extract carotene from fresh plant 
samples by means of a foaming mixture of alcohol and petro
leum ether was tested, and with some slight modifications 
proved to be excellent.

A 10-gram sample of finely minced plant material is extracted 
with 150 ml. of 95 per cent ethyl alcohol and 75 ml. of Skelly
solve B in a Waring Blendor for 5 to 10 minutes. More alcohol 
is added if the mixture does not foam. The authors found it 
convenient to regulate the speed of the blender with a voltage 
controller. The extract ana finely divided plant material are 
transferred to a fritted-glass filter by means of a piece of wide- 
bore glass tubing connected to the filter with a rubber stopper. 
The filter is attached to a suction flask. The container of the 
blender is alternately washed with alcohol and Skellysolve until 
the filtrate running into the suction flask is colorless. It was 
found advisable to remove the alcohol and extracted water from 
the Skellysolve in a separatory funnel. One hundred milliliters 
of water containing about 5 grams of sodium sulfate are added 
to the alcohol-Skellysolve mixture, and the lower aqueous alcohol 
solution is drawn off. The aqueous solution is extracted three 
times with 30 ml. of Skellysolve. The sodium sulfate aids in 
clearing troublesome emulsions, which may occur from time to
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T a b l e  I .  R e c o v e r y  o f  P u r e  C a r o t e n e  a f t e r  P a s s a g e  

t h r o u g h  M a g n e s iu m  O x id e  A d s o r b e n t

Stock
solution

0.500
0.534
0.260
0.260

Extinction
Stock solution 

adsorbed

0.510° 
0.532 
0.260
0.255

Recovered
%

102.0
99.6

100.0
98.1

Av. 99.9

1 Stock solution concentrated in  vacuo prior to adsorption.

time. Fifty milliliters of water are poured through the com
bined petroleum ether fractions, the water is drawn off, and the 
petroleum ether is concentrated to approximately 25 ml. The 
magnesium oxide is stable to small amounts of alcohol, so that 
the prolonged extraction of the petroleum ether with water to re
move alcohol, as described by Moore (4), is unnecessary. A few 
grams of anhydrous sodium sulfate are added to the Skellysolve 
to remove moisture, and a small layer of sulfate is placed above 
the adsorbent as a precautionary measure. The rest of the pro
cedure is the same as that described for dehydrated material.

Discussion and Results

The various steps in the procedures were carefully checked.

C a r o t e n e  R e c o v e r y . A purified sample of 90 per cent beta 
and 10 per cent alpha-carotene was used for carotene recovery 
tests. An aliquot of a stock solution was made to a 100-ml. 
volume and read in the colorimeter. A similar aliquot was 
washed through the adsorption column with 3 to 5 per cent 
acetone in Skellysolve B, made to volume, and read. In other 
cases the aliquot was made to 100 ml., concentrated in vacuo, 
and washed through the adsorbent.

The results are shown in Table I.
The recovery of carotene added to samples of dehydrated, 

stored pea and lima bean vines that had heen shown to con
tain considerable noncarotene chromogens is shown in Table 
II. These results show that by the extraction and adsorp
tion procedure outlined quantitative recovery of carotene may 
be obtained both with pure carotene (Table I) and with caro
tene added to plant samples (Table II).

Effect of Evaporation on Carotene. Data on the effect of 
vacuum versus steam concentration of the petroleum ether 
extracts are given in Table III. Carotene is not affected by 
evaporation on a steam bath under the experimental condi
tions.

C o m p a r is o n  o f  t h e  A d s o r p t i o n  M e t h o d  w i t h  P h a s ic  

P r o c e d u r e s .  The determination of carotene in dehydrated 
and fresh or frozen plant materials by the adsorption method 
was compared with the widely used Peterson-Hughes- 
Freeman (7) technique as modified by Peterson (6). After 
the carotene was determined in the Skellysolve extract ob-

Table II. R e c o v e r y  o f  C a r o t e n e  A d d e d  t o  D e h y d r a t e d  

P l a n t  S a m p l e s

Carotene
inJ3ample

Carotene
Added

Carotene
Theoretical

Carotene
Found Recovered

7 7 7 7 %

72.6 114.3 186.9 190.0 101.5
8.6 114.3 122.9 122.8 100.0

37.2 114.3 151.5 152.2 100.5
62.8 114.3 177.1 171.5 96.8
77.9 114.3 192.2 190.0 98.8

Av. 99.5

T a b l e  I I I . E f f e c t  o f  E v a p o r a t io n  o n  C a r o t e n e

Carotene
Dehydrated Sample

Savoy cabbage leaves 
Broccoli leaves 
Carrots (vacuum-dried) 
Carrots (air-dried)

Vacuum Steam

Micrograms per gram

280.0
281.0
486.0

70.4

282.0
270.0
486.0 
71.4

tained by the Peterson-Hughes-Freeman method, an aliquot 
of the same solution was passed through the magnesium 
oxide absorbent column. Other samples were analyzed 
directly by the method described here. In this way a com
parison of the extraction and determination of carotene by 
the new technique could be obtained, since the Peterson- 
Hughes-Freeman technique and its modifications give ex- 

'cellent extraction of carotene. The results shown in Table 
IV were obtained on samples dehydrated and stored for 
different periods of time, on others dehydrated and analyzed 
immediately, and on fresh and frozen samples.

The results in Table IV are typical of those obtained on a 
large number of samples. It is apparent that the phasic 
method records as carotene a considerable amount of non
carotene material, since on passing the extracts through the 
magnesium oxide column lower values are always obtained.

T a b l e  IV .  C a r o t e n e  C o n t e n t  o f  D e h y d r a t e d  a n d  F r e s h  

V e g e t a b l e  P r o d u c t s

(Determined by the Peterson-Hughes-Freeman technique and by the adsorp
tion procedure)

Carotene Found

Dehydrated samples 
Pea vines

P H F  
procedure 

P H F  followed by Adsorption 
procedure adsorption procedure 

Micro grams per gram

73.6 47.0 46.2
Broccoli leaves and petiole 259.0 186.0 192.0
Hubbard squash rind 68.7 39.6 40.0
Pepper 45.7 20.4 20.4
L im a bean leaves 209.0 164.0 170.0
L ima bean vines, laboratory 

dried 76.0 61.3 59.3
L ima bean vines, commercially 

dried 53.2 27.8 26.0
Asparagus tops 379.0 334.0 310.0
Spinach 878.0 828.0 810.0

Fresh or frozen samples 
L ima bean silage 36.8 21.2 21.2
Frozen savoy cabbage leaves® 372.0 293.0 292.0
Frozen lim a bean leaves® 363.0 344.0 348.0
Frozen carrots and peas 94.0 95.5
Fresh spinach 87.8 76.5 74.3

a Results expressed on dry-weight basis.

These lower values agree very well with those obtained by the 
present method. The adsorption procedure not only removes 
chlorophyll and xanthophyll but also the less common pig
ments, such as lycopene and the noncarotene pigments of 
peppers, squash, and pumpkin. Samples that had been de
hydrated and stored showed a considerably greater propor
tion of noncarotene pigments than dehydrated samples 
analyzed immediately. Samples stored for 3 to 6 months at 
room temperature lost large amounts of carotene, some un
doubtedly being converted into noncarotene pigments, which 
are estimated as carotene by phasic procedures. Moore (4) 
and Fraps and Kemmerer {!) have presented similar results. 
The adsorption procedure also iemoves considerable non
carotene impurities from silage. On the whole the results of 
the phasic procedures show better agreement with those of 
the adsorption technique when fresh and frozen vegetable 
materials are used than on dried or ensiled samples.

A comparison of the values obtained by the magnesium 
oxide adsorbent with those obtained by the Baker’s c. P. 
analyzed dicalcium phosphate adsorbent described by 
Moore (4) indicates that the adsorbents would give identical 
results. In many cases, however, it was necessary to re- 
adsorb the eluate that had passed through the dicalcium 
phosphate in order to remove small amounts of chlorophyll. 
In addition, the dicalcium phosphate at times may have to 
be specially activated in the laboratory. It is very suscep
tible to traces of polar solvents and much more expensive 
than the infusorial earth-magnesium oxide mixture, so that 
it is not so well adapted to routine procedures.
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Duplicates run by the adsorption method agree within 3 
to 5 per cent. It is difficult to estimate the accuracy of the 
determination, since a small and variable amount of alpha- 
carotene and possibly, with some materials, other carotene 
isomers are estimated as beta-carotene. Carotene-recovery 
tests and comparison with other extraction procedures in
dicate, however, that the adsorption procedure is consider
ably more accurate than phasic procedures in determining the' 
carotene content of dehydrated and stored feeds or silage 
and the recovery of carotene by this method is of a high 
order. The authors have observed that the adsorbent will 
qualitatively separate alpha- and beta-carotene if the column 
is washed with pure Skellysolve B or Skellysolve B and 1 per 
cent or less acetone, and that carotene from yellow corn may 
easily be separated from cryptoxanthin by this procedure.

Sum m ary

A rapid, reproducible method for the determination of 
carotene in plant materials, either dehydrated or fresh, has 
been described in detail. The method for dehydrated 
products consists essentially of extraction of carotene with 
a mixture of 30 per cent acetone and 70 per cent Skellysolve 
B, and subsequent separation of the carotene (alpha and 
beta) from interfering pigments on a column of three parts of 
Hyflo Super-Cel and one part of Micron Brand activated

magnesium oxide. This adsorbent requires no special lab
oratory activation and does not destroy carotene. For 
dehydrated materials, phasic operations are completely 
eliminated, thus making the method much more rapid than 
any of the published phasic procedures. Fresh material is 
extracted by modification of the Moore and Ely method in 
which the Waring Blendor is used. A comparison of the 
results obtained by the method described with those ob
tained by the Peterson-Hughes-Freeman method indicates 
that considerable amounts of noncarotene pigments are 
estimated by procedures based on the phasic separation of 
carotene from noncaroténe pigments.
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Studies in Filter Photometry
M . C. SCHW ARTZ AND L. W . M O R R IS

Louisiana State University, Baton Rouge, La.

THE single barrier layer photocell is one of the most 
widely used instruments of this nature, and has been 
subject to the most varied manner of empirical calibration. 
There is a definite need for improvement, particularly in re

spect to the exactness and fundamental nature of the measure
ments made and being reported with these instruments. 
Müller (3) has reviewed the literature of photoelectric pho
tometers comprehensively ; hence there is no need of consi dering 
this aspect further.

The most important use of filter photometers is in colori
metric analysis. When the solution obeys Beer’s law, the 
relationship between log transmittance and concentration is

linear. The need for instrument calibration in transmittance 
or its logarithm is obvious. Sheard and States (6) have sum
marized the situation existing with the use of barrier layer 
photocell photometers when they state that failure to obey 
Beer’s law has been ascribed more frequently to the photocell 
than to the lack of monochromatic illumination. Experi
mental work was undertaken to determine the effect of the 
wave band of spectral illumination on the type of analytical 
calibration curve obtained. The colorimetric determination 
of silica by means of the silicomolybdic acid reaction was used 
as a test method and is particularly interesting because the 
absorption occurs in a spectral region of minimum sensitivity.

F ig u r e  1. F il t e r  P h o t o m e t e r
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F C H

F ig u r e  2. F il t e r  P h o t o m e t e r

A. L ight E. Filter holder
B. Lena F. Shutter
C. Heat-absorbing filter holder G. Absorption cell holder
D. Lens H. Barrier layer photocell

Filler Photometer

The photometer consists of lamp and ventilated lamp housing 
to whicn is attached a collimating tube containing a lens for pro
ducing parallel rays of light, a holder for a heat-absorbing filter, 
and another lens for producing a very slightly divergent beam of 
light. A light-tight box with hinged cover contains a shutter 
and an external handle which moves it in and out of the path of 
light, a holder for two absorption vessels which may alternately be 
moved in and out of the path of the light by an external handle, 
and a barrier layer cell. On the outside of the box is the holder 
for filters. An air gap is provided between the two separate por
tions of the photometer but stray light is excluded by overlapping 
collimating tubes. The apparatus is pictured in Figure 1.

F ig u r e  3 . F il t e r  P h o t o m e t e r  C ir c u it

A schematic diagram of the filter photometer is represented in 
Figure 2 and the electrical circuit for obtaining potentiometric 
photocurrent balance is presented in Figure 3. The light source 
is a 32- or 50-candlepower, 6- to 8-volt lamp, the lenses are of the 
simple convex type, the heat-absorbing filter is Corning No. 397, 
the absorption cells are 50 X 50 X 50 mm. and 50 X 50 X 10 
mm., the barrier layer cell is a Weston Model No. 594, Type 1 or 
Type 2, and the filters are of Corning glass. The measurements 
are actually made in terms of per cent absorption from which per 
cent transmittance is easily computed. Since the position of the 
lamp holder is adjustable, the light source can be easily changed. 
In  addition to the lamps mentioned above a Westinghouse 85- 
watt mercury vapor lamp was used and a 110-volt, 100-watt pre
focus lamp. A heavy-duty storage battery, trickle charger, G. 
M. galvanometer No. 2564-C, 1.5-volt dry cell, General Radio 
Co. variable resistors, and International Resistance Co. fixed 
resistors complete the list of apparatus.

In order to secure photocurrent from the photocell propor
tional to the light intensity it is necessary to use sufficiently 
low values of external circuit resistance. However, it is also

true that when the light intensity and photocurrent are low, 
the linear response of the photocell is less affected by an in
creased value of the external resistance. In fact, if the prod
uct of external resistance times the current delivered—that 
is, the terminal potential of the barrier layer cell—is assigned 
an upper limit by the conditions of the experiment, then there 
exists assurance that the non-linearity will be below some fixed 
value. This is obtained in the circuit employed, using low 
values of illumination range resistance for high values of 
illumination (large photocell currents) and vice versa, because 
their product is limited by the magnitude of the balancing 
voltage across the potentiometer. Thus uniform character
istics are obtained for wide ranges of illumination. Experi
mental conditions were such that a linear response of the 
photocell to light intensity could be reasonably expected.

The stability and reproducibility of the filter photometer 
were evidenced not only by consistent readings over a period » 
of several months but by securing reproducible values of 
transmittance even when changing the light intensity from 
that of 32- and 50-candlepower, 6-volt lamps to that of a 110- 
volt, 100-watt lamp and when changing the current and 
spectral sensitivity from those of Type 2 to Type 1 photronic 
cells. On several occasions the instrument was dismantled 
and reassembled; after alignment, the transmittance figures 
previously secured were reproduced.

Photometer Operation

1. The light source is illuminated by the 6-volt battery.
2. The 1.5-volt battery is turned on.
3. Distilled water is used for a reference solvent. With dis

tilled water in the light beam and switch S in the zero absorption 
position, the galvanometer is adjusted to zero with the “zero” 
dial. If necessary, the illumination range resistance is changed 
to make this possible.

4. With switch jS in the 100 per cent absorption position and 
the shutter now placed in the light beam, the galvanometer is ad
justed to zero with the “100 per cent” dial. If necessary, the 
concentration range resistance is changed to make this possible.

5. 3 is rechecked.
6. With the unknown solution brought into the light beam 

and switch S  in center or absorption position, the galvanometer is 
adjusted to zero with the absorption dial. The absorption dial is 
calibrated from 0 to 100 in 0.5 divisions and reads directly in per 
cent absorption. 100 — the dial reading equals per cent trans
mittance.

The two branches 
of the potentiom
eter circuit render 
it possible to make 
the full range of the 
0-100 scale cover a 
narrower range of 
absorption than 0- 
100 if it is desirable 
to do so. The in
troduction of this 
feature necessarily 
complicates the cir
cuit by the addition 
to  th e  b a s i c  
balancing circuit, in 
which the output 
voltage of the bar
rier layer cell across 
the illumination 
range resistor is 
balanced potentio- 
metrically against a 
standardized drop, 

F ig u r e  4. T r a n s m it t a n c e  or another poten-
S il ic o m o l y b d ic  A c id  tial divider cir-
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T a b u : I. T r a n s m it t a n c e

Transmittance®
Concentration Full range 0-100% Full range 0-24%

P. p. m. SiOt %  %

2 83.5 78
5 64.5 53

10 44 20
15 32 10

° Filter photometer; filter combination No. 511, 4 mm., and No. 038, 2 
mm.; 50-mm. liquid depth; ailica from sodium silicate.

T a b l e  II. T r a n s m it t a n c e  o f  S il ic o m o l y b d ic  A c id

-Wave Length, Millimicrons-
390 400 410 420 440 470

Concentration Transmittance“

P. p. m. SiOj % % % % % %

2 68 76 82 87 95 99.5
5 42 52 61 70 87 97.5

10 21 30 41 52 77 96
20 6 11 17 30 61 92
50 0.5 2 6 30 82

n Coleman double monochromator spectrophotometer, 
depth, SiOj from sodium silicate.

19-mm. liquid

' ing a buffered potassium chromate liquid standard for silica) 
the full range of the absorption dial covers 0-24 rather than 0- 
100. Characteristic results of such a test are shown in Table I.

As a reference instrument a Coleman double monochrom- 
ater spectrophotometer was used.

Reagents and Procedure

Ammonium molybdate solution, 10.0 grams of ammonium 
molybdate tetrahydrate per 100 ml. of distilled water.

Hydrochloric acid solution, one volume of concentrated acid to 
one volume of distilled water.

Sodium silicate solution, 3.0 grams of sodium carbonate fused 
with 0.2000 gram of pure, dry silica, dissolved in 200 ml. of dis
tilled water, and diluted tenfold if desirable.

The ammonium molybdate and hydrochloric acid solutions are 
kept in Pyrex bottles; the sodium silicate solution is stored in a 
hard-rubber bottle.

To the 100-ml. sample are added and mixed 4 ml. of ammonium 
molybdate solution and 2 ml. of hydrochloric acid solution in 
rapid succession. It  is advisable to wait 5 to 10 minutes for full 
color development.

cuit to establish a “false” zero for the barrier layer cell when 
the equivalent scale range is "spread”. This is done by using 
a standard solution instead of the shutter in step 4—for ex
ample, 20 p. p. m. of silica show an absorption of 24 per cent. 
With such a solution in place (more conveniently done by us-

100 _______________________________________ __

To il li To
PARTS PER MILLION SILICA

F ig u r e  5

WAVE L E N G T H ,  MILLIMICRONS

F i g u r e  6. S p e c t r a l  T r a n s m is s io n  o f  F il t e r s

As fundamental data the spectral transmittance of silico- 
molybdic acid, covering a reasonable range of concentration, 
was secured with the Coleman spectrophotometer (Table I I  
and Figure 4). The data of Table I I  are replotted to give log 
per cent transmittance vs. concentration at constant wave 
length. As the data of Figure 5 show, the analytical linear 
calibration curves begin to deviate at wave lengths below 400 
millimicrons. For maximum sensitivity it is preferable to 
work in the neighborhood of 410 millimicrons.

Several investigators using filter photometers have em
ployed filters in this range of wave length. With the Pulfrich 
photometer for measuring instrument, Krumholz (2) used a 
470 millimicron filter; Strohecker, Vaubel, and Breitwiesser 
(7) and Robinson and Spoor (5) used a 430 millimicron filter; 
while Pinsl (4) used a mercury vapor lamp and mercury (436) 
filter. Knudson, Juday, and Meloche (1) used the Corning 
No. 511, Cenco No. 1, and Evelyn No. 420 filters in a filter 
photometer. An examination of the Corning filter catalog 
indicated the use of filters 511 and 038. The data of Table

MILLIMICRONS



January 15, 1943 A N A L Y T I C A L  E D I T I O N 23

PARTS PER MILLION SILICA

F ig u r e  7

T a b l e  I I I .  S p e c t r a l  T r a n s m is s io n  o f  F il t e r s

Corning Filter Combinations_____________

No. 511, 4 mm.
No. 511, No. 511,4 mm. No. 397, No. 038, 2 mm.

Wave Length
4 mm. No. 038, 2 mm. _ 2 mm. 

Transmission0
No. 397, 2

Millimicrons % % % %

350 4.0 23.5
360 8.0 29.0
370 15.0 35.0
380 25.5 42.0
390 34.0 ö!o 47.5
400 38.0 1.0 51.0 0.5
410 37.0 5.5 54.0 3.0
420 33.0 12.0 7.0
430 26.0 15.0 58 '.0 8.5
440 18.0 12.5 7.5
450 11.0 8.0 6Ü5 5.5
460 5.5 4 .5 3.0
500 67 !o

° Coleman double monochromator spectrophotometer.

T a b l e  IV . T r a n s m it t a n c e  o f  S i l ic o m o l y b d ic  A c id

Filter Combinations 

No. 511,
4-mm.

No. 511, No. 511, No. 038, Hg Vapor Lamp
4-mm., 4-mm., 2-mm., No. 50
10 mm. 50 mm. 50 mm. 50 mm. 10 mm.
of liquid of liquid of liquid of liquid ofliqu id

Concentration .----------------- Transmittance0-------------- —

m. SiOi % % % % %

2 94 65 83.5 83 95
4 70.5
5 89 43 64.5 63 89.5

10 82 26 44 41 82
15 74 32 28
20 ., 24 20 68
25 19

a Filter photometer, SiOi from sodium silicate.

deviation above 10 p. p. m. become more noticeable as the 
solution thickness and concentration increase. The data 
furnished by the investigation show that the controlling factor 
in obtaining linear analytical calibration curves with a filter 
photometer is in securing the proper wave band of light; 
when the spectral region is properly defined for a particular 
analysis and the more nearly the spectral region isolated ap
proaches the ideal, the more sensitive and in general the more 
nearly linear the calibration curves become. The effective
ness of a spectrophotometer at once becomes obvious and the 
apparent failure of a solution to obey Beer’s law as obtained 
on many filter photometers is no doubt due, in part anyway, 
to improper wave-length selection, particularly in using wide 
wave bands.

The calculated specific extinction coefficient per 1 cm. of 
liquid thickness and per 1 p. p. m. of silica for the 511-038 
filter combination is 0.007 (0.006 to 0.008) as compared to
0.006 for the comparable 440 millimicron data on the Coleman 
spectrophotometer. Strohecker, Vaubel, and Breitwiesser 
(7) obtained an average value of 0.010, using, however, 
different reagent strengths for developing the color reaction. 
The specific extinction coefficient for the 410 millimicron data 
on the Coleman spectrophotometer is 0.021 (0.020 to 0.023).
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I l l  and Figure 6 present the spectral transmission of these 
filters, including the heat-absorbing filter No. 397, taken with 
the Coleman spectrophotometer.

The transmittance of silicomolybdic acid solutions, through 
a reasonable range of concentration, was determined with the 
filter photometer using various combinations of filters and 
light sources (Table IV). The data of Table IV are likewise 
replotted to give log per cent transmittance vs. concentration 
at different filter combinations. The data presented in 
Figure 7 show in accordance with information secured by the 
spectrophotometer that the filter combination Nos. 511 and 
038, giving as they do a narrow band of light in the proper 
spectral region, give closest approach to a linear analytical 
curve when using filters. Somewhat better agreement using 
the mercury vapor lamp and filter is in further accord with the 
need for wave-length selection. This effect and the resulting
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Quantitative Determination o f Methoxyl and 
Ethoxyl Groups

LLOYD  M . COOKE AND IIA R O LD  H IBBERT , M cG ill University, M ontreal, Canada

THE determination of alkoxyl groups is based on their 
conversion into volatile alkyl iodides on treatment of an 
alkoxyl-containing compound with constant-boiling hydriodic 
acid. The direct determination of total alkoxyl, or of meth

oxyl or ethoxyl alone, is accomplished very readily by the 
Zeisel procedure (8) as modified by Viebôck (4, 6) and by Frie
drich (2). In this procedure the alkyl iodide, after passing 
through a scrubber solution of cadmium sulfate and sodium 
thiosulfate (to remove hydriodic acid) is oxidized to iodate in 
a bromine-glacial acetic acid-potassium acetate solution 
(5) according to the following reactions:

Br, + R I — RIBr2 — RBr + IBr 
IBr + 2Bn + 2H20  — H I03 + 5HBr

The resulting iodate is then determined iodometrically by 
conversion to free iodine, which is titrated with sodium thio
sulfate.

In order to differentiate between methyl iodide and ethyl 
iodide, the difference in solubility of tetramethyl ammonium 
iodide and of trimethylethyl ammonium iodide in alcohol is 
employed.

In the method of Willstàtter and Utzinger (6), the alkyl iodides 
are absorbed in a 10 per cent absolute alcoholic trimethylamine 
solution. Although the reaction between trimethylamine and 
methyl iodide is rapid (98 per cent complete in 1 hour), that with 
ethyl iodide is very much slower; in consequence, the absorption 
solution is allowed to stand for at least 24 hours before the tri
methylethyl ammonium iodide is separated from the tetramethyl 
ammonium iodide by extraction of the mixture of iodides with 
absolute alcohol. Each of the iodides is then determined gravi- 
metrically by conversion to silver iodide with aqueous silver 
nitrate. When Wilson (7), however, showed that 100 cc. of ab
solute alcohol dissolve 0.040 gram of tetramethyl ammonium 
iodide at 25° C., Phillips and Goss (3) modified the W'illstatter 
procedure by applying a correction for the solubility of the tetra
methyl salt in the alcohol. In the Phillips and Goss procedure 
100- to 300-mg. samples of known mixtures of p-ethoxybenzoic 
acid and anisic acid were used.

In order to avoid the necessity of correcting for the solubility 
of the tetramethyl salt in absolute ethanol, Wilson suggested the 
use of a saturated solution of tetramethyl ammonium iodide in 
this solvent as the trimethylethyl salt extractant. This modi
fication has been incorporated in a tentative A. O. A. C. method 
for the determination of methanol in distilled liquors (1).

There are several disadvantages in Willstâtter’s (6) pro
cedure for the determination of methoxyl and ethoxyl groups 
even after the above modifications are included. In the first 
place, during the hydrolytic stage of the process, the tetra
methyl ammonium iodide separates in the absorption tubes 
in the form of minute crystals which tend to adhere firmly to 
the side of the tubes or flasks. Such crystals must be care
fully separated with a rubber policeman or fine feather; the 
removal of those crystals adhering to the inside of the small
bore delivery tube is particularly difficult. Secondly, in order 
to isolate the ethyl derivative it is necessary to allow the ab
sorption solution to stand for at least 24 hours. Even after 
this period, it is generally found that the quantity of trimethyl
ethyl ammonium iodide isolated is somewhat less than the 
theoretical value. Finally, the yield of the two iodides is 
determined gravimetrically, either directly as the quaternary 
ammonium iodide (if ) or as silver iodide.

The present investigation was carried out with the idea of 
eliminating the tedious, time-consuming steps in this proce

dure and developing a simpler and more accurate method for 
the simultaneous determination of methoxyl and ethoxyl 
groups.

The first difficulty, that of the complete removal of the crys
talline tetramethyl salt, was overcome by washing out the 
absorption tubes with a small quantity of water followed by 
stock 97 per cent ethanol. As a result of this innovation, the 
necessity for using an absolute ethanol solution of trimethyl
amine was also avoided, 95 to 97 per cent ethanol being found 
satisfactory. The addition of water necessitated the drying of 
the mixed quaternary ammonium iodides prior to the ex
traction of the ethyl salt, but this step presented no difficulty.

T a b l e  I .  E f f ic ie n c y  o f  A b s o r p t io n  o f  M e t h y l  I o d id e  f r o m  

V a n il l in

(10- to 15-mg. samples in 10% alcoholic trimethylamine)

No. of 
Absorption 

Tubes
Absorption

Solution

Tetramethyl Salt 
Extracted with 
Absolute E tO H

OMe 
(Theorétieal 
Value 20,4)

2
2
2

HOAo-Bri
HOAc-Bn
HOAc-Brt

20.3
20.2
20.2

2
2

(CH j))N
(C H j)i N

No
No

19.8
20.0

2
2
2
2
2

(CH i)iN
(CH i)iN
(CH ,)3N
(C H j )jN
(CHs)aN

Ye8
Yes
Yes
Yes
Yes

19.9 
19.7 
19.3
19.9
19.9

3
3
3

(CH ,)iN
(C H j)jN
(CHa)iN

No
No
No

20.3
20.0
20.2

3
3
3
3

(CH .)iN
(CH .),N
(CH i ).N
(CH ,),N

Yes
Yes
Yes
Yes

20.3
19.7
20.0
20.2

The weakest point in the present methods for a combined 
methoxyl-ethoxyl determination lies in the fact that it is 
difficult to isolate the ethyl iodide quantitatively. Will- 
statter (6) showed that the formation of trimethylethyl am
monium iodide is 9 per cent complete in one hour, 77 per cent 
in 6 hours, and only 90 per cent in 24 hours. In order to avoid 
this difficulty it was found that the determination could be run 
in less time and with greater accuracy by first determining 
total alkoxyl according to the standard Viebôck-modified 
Zeisel procedure, then determining the methoxyl content 
alone according to the modified Willstatter procedure de
scribed below.

In order to simplify the actual determination of the tetra
methyl ammonium iodide the gravimetric method was re
placed by a volumetric method, using the same reagents and 
procedure employed in the total alkoxyl determination ac
cording to Viebôck (4,5).

Procedure

M e t h o x y l  D e t e r m in a t io n . A sample of 10 to 20 mg. 
(having from 10 to 40 per cent alkoxyl calculated as methoxyl) in 
a tin-foil microcontainer is added to the reaction vessel of the 
Zeisel apparatus containing the standard reaction mixture of 
constant-boiling hydriodic acid (5 cc.), phenol (2.5 grams), and 
a small piece of Nichrome wire. The procedure for this phase 
of the determination duplicates that of the standard Viebôck- 
Schwappach except for the substitution of a total of 15 cc. of a 
10 per cent ethanol solution of trimethylamine as the absorption 
solution in place of the acetic acid-potassium acetate solution of 
bromine, and the use of three test tubes as receivers (the 15 cc. 
of absorption solution being divided into 6-cc., 5-cc., and 4-cc. 
portions, respectively).
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At the end of a reflux period of 50 minutes the liquid contents 
of the absorption tubes are transferred to a 50-cc. Erlenmeyer 
flask with ethanol (95 to 100 per cent). The crystalline residues 
left in the first and second absorption tubes are then washed with 
2-cc. portions of water to dissolve the crystals of tetramethyl 
ammonium iodide adhering to the glass, then with two subse
quent portions of ethanol. The combined absorption solutions 
plus washings are allowed to stand for at least 3 hours at room 
temperature. A small boiling chip of porous plate is then added 
to the flask and the contents are evaporated almost to dryness 
on a steam bath, or by use of a hot plate (if carefully watched to 
prevent complete evaporation with resulting decomposition of 
the quaternary iodides). Complete drying is effected by leaving 
for 12 hours in a vacuum desiccator containing calcium chloride. 
The trimethylethyl ammonium iodide is then extracted as fol
lows:

A 3-cc. portion of a filtered, saturated solution of tetramethyl 
ammonium iodide in absolute ethanol is added to the flask by 
means of a medicine dropper pipet. (If absolute ethanol alone is 
used as extractant, a correction of 0.2 cc. of thiosulfate for 9 cc. 
of ethanol extractant must be added to the quantity of thiosul
fate used in the titration.) After the mixture has been shaken 
gently for about 1 minute, the crystalline product is allowed to 
settle on one side of the tilted flask and the supernatant liquor is 
transferred to a glass-nail suction filter by means of a second 
pipet. This treatment is repeated twice. After the final decanta- 
tion the transfer pipet is dried free from ethanol in a slow cur
rent of air, and the traces of tetramethyl compound are dissolved 
in distilled water. The aqueous solution is placed in a second 
flask, which also contains the air-dried filter paper. The residual 
contents of the original Erlenmeyer are freed from traces of etha
nol in a vacuum desiccator. After 1 to 2 hours of this vacuum 
treatment, the aqueous contents of the second flask are trans
ferred to the original flask, and the aqueous solution of tetra
methyl ammonium iodide is then ready for volumetric determina
tion.

The aqueous solution of the quaternary ammonium iodide is 
treated with 10 cc. of a saturated glacial acetic acid solution of 
potassium acetate containing 8 to 10 drops of bromine for 2 to 3 
minutes, followed by the addition of 5 cc. of 25 per cent aqueous 
sodium acetate. The bromine is reduced with 10 drops of formic 
acid (80 to 90 per cent) and the resulting clear solution then treated 
with 5 cc. of 10 per cent aqueous potassium iodide solution and
5 cc. of 10 per cent sulfuric acid. The liberated iodine is titrated 
with standard (0.05 N ) thiosulfate, using starch solution as an 
internal indicator.

T a b l e  II. M e t h o x y l -Et h o x y l  A n a l y s e s

Compound

Vanillin
Vanillin
Vanillin

p-Ethoxybenzoic acid 
p-Ethoxybenzoic acid 

3-Ethoxy-4-methoxybenzoic acid 
3-Ethoxy-4-inethoxybenzoic acid 
3-Ethoxy-4-methoxybenzoic acid 
3-Ethoxy-4-metlioxybenzoic acid 
3-Ethoxy-4-methoxybenzoic acid 
3-Ethoxy-4-methoxybenzoic ocid 
3-Ethoxy-4-methoxybenzoic acid 
3-Ethoxy-4-mcthoxybenzoic acid 

a-Ethoxypropiovanillone (I) 

MeO H

- c O -  CH .

T D  %0  \>Et

Found Calculated

H 0 - O <

OMe O E t OMe OEt

20.2 0.1 20.4 0.0
20.1 0.2 — —

20.3 0.0 — —

0.0 27.0 0 .0 27.2
0.0 27.2 — —

15.8 23.0 15.8 23.0
15.7 22.9 — —

15.9 23.1 — —

15.8 23.0 — — ,

16.0 23.2 — —

15.9 23.1 — —

16.0 23.2 — —

15.7 22.9 — —

13.7 20.2 13.8 20.1
13.6 20.3 — —

13.7 • 20.2 — —

The methoxyl and ethoxyl contents are calculated accord
ing to the following equations:

% OMe = 

% OEt = [

(cc. of thiosulfate) X (normality of thiosulfate) X 31
6 X (sample weight)

(% total alkoxyl as OMe) — (% OMe)' 

31
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Table I  indicates that all the methyl iodide is collected 
when three receivers are used and that the yield of tetramethyl 
ammonium iodide is not affected by the ethanol extraction.

Table I I  includes the results obtained by this procedure 
with certain reference compounds.
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Recovery of Solvents Used in  
the Chemical Determination  

of Thiamine
M ORTON  PADER, Food Research Laboratories, Inc ., 

Long Is land C ity , N. Y.

W
HERE routine thiamine determinations are run by 
either the thiochrome method (1) or the colorimetric 
procedure (2) it is practical, and at the present time advisable, 

to recover the solvents, isobutanol in the former case and 
xylene in the latter. The distillation procedure generally 
used is tedious and requires attention, precautions must be 
observed to minimize fire hazards, and fluorescent materials 
in the isobutanol are not always completely removed.

The author has obtained isobutanol with blank readings 
much lower than those usually obtained by distillation in an 
all-glass still by treating waste solvent, containing thiochrome 
and other fluorescent materials, with activated vegetable 
charcoal (Darco-G-60, obtained from the Darco Corporation, 
60 East 42nd St., New York, N. Y.). The isobutanol re
covered in this manner has been used repeatedly in deter
mining thiamine in a large variety of biological materials. 
Technical grade isobutanol, which usually contains fluores
cent substances, may also be treated in this manner. The re
covered isobutanol has proved to be as satisfactory in every 
respect as the solvent redistilled in all-glass apparatus; it 
fails to give rise to fluorescent substances on standing or after 
treatment with alkaline potassium ferricyanide or with alkali 
alone, according to the procedure for the estimation of thia
mine.

The isobutanol, previously dried in the course of the assay, is 
recovered by shaking 100 cc. of solvent with 1.5 grams of acti
vated charcoal for 15 to 30 minutes. This ratio of adsorbent 
to solvent is optimal, but equally good results are obtained 
by using an excess of charcoal—about 5 grams per 100 cc.—and 
shaking for only a few minutes. The charcoal suspension is 
then clarified by filtration. The filtrate, free from any fine 
particles of adsorbent, is used without further treatment.

In the Melnick-Field method for the determination of 
thiamine (2) the red color of the xylene solution is subjected 
to colorimetric evaluation. Here also, the solvent may be 
decolorized by the addition of activated charcoal, filtered, 
and used again.

The red dye complex in xylene appears to be adsorbed to the 
charcoal even more readily than the thiochrome from isobutanol 
solution. About 1 gram of charcoal is added to 100 cc. of the 
pigmented xylene solution and the suspension shaken for 5 
minutes; this yields a colorless filtrate.
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Separation of Iron from Cobalt or Nickel
R . J . D eG RAY  AND E. P. R ITTERSHAUSEN , Socony-Vacuum O il Com pany, Inc ., New York, N . Y.

THE ammoniacai ferricyanide method for the colorimetric 
determination of cobalt (2) requires the absence of 
practically all other metals. Using hydrogen sulfide, it 
is a simple matter to obtain the cobalt accompanied by only 

iron, nickel, manganese, chromium, aluminum, and zinc. 
The latter three may be removed by treatment with sodium 
peroxide, and the manganese by the use of the chlorate 
method (4)- Nickel may be separated with dimethyl- 
glyoxime (8), but since the presence of iron requires careful 
control of the pH in this precipitation, a method was sought 
whereby either cobalt or nickel could be freed of iron, and 
a cobalt solution would be obtained ready for the color
imetric determination without the necessity of an inter
mediate reprecipitation of cobalt sulfide. With such a 
method of separation, the colorimetric method for cobalt 
could be easily applicable to steels, as well as to paint driers.

Experimental

In order to investigate published methods of separating mix
tures of cobalt, iron, nickel, and manganese, solutions containing 
known amounts of these metals were prepared using Baker’s 
c. p . chemicals. Methods of separating mixtures of all these 
metals were studied, but since it soon was evident that manga
nese and nickel could be separated quantitatively by accepted 
methods (4, 8), further work was concentrated on mixtures of 
cobalt and iron.

A m m o n iu m  H y d r o x id e  P r e c ip it a t io n . A  solution contain
ing 2 mg. of cobalt and 20 mg. of iron was subjected to successive 
rcprecipitations with ammonium hydroxide. The filtrates were 
analyzed colorimetrically for cobalt (2), and the precipitates were 
tested by the Vogel test (6) for cobalt, yielding the following 
data:

Original
1st precipitation 
2nd precipitation 
3rd precipitation

Cobalt
Mg.

2.0
0.7
0.45
0.00

Vogel Test

Positive
Positive
Positive

Only 57.5 per cent of the original cobalt was recovered in the 
combined filtrates.

B a s ic  A c e t a t e  S e p a r a t io n . This method (7) was tried 
several times. Only once was the full amount of cobalt recov
ered, and the iron precipitate gave a negative Vogel test. Hence, 
though this method may be feasible under ideal conditions, it 
cannot be trusted for routine work.

A n t h r a n il ic  A c id  S e p a r a t io n . This method (3) was tried, 
again on the mixture of 2 mg. of cobalt and 20 mg. of iron. The 
precipitate was strongly contaminated with iron.

A l p h a -n it r o s o -b e t a -n a p h t h o l  ( / )  S e p a r a t io n . Since this 
reagent may precipitate iron as well as cobalt, it was not con
sidered further.

H y d r o c h l o r ic  A c id  S e p a r a t io n . In the qualitative analysis 
of Group III, cobalt and nickel sulfides are separated from the 
other sulfides and hydroxides by treatment with 1.2 N hydro
chloric acid. However, no combination of time, temperature, or 
strength of hydrochloric acid could be found which dissolved all of 
the iron and none of the cobalt, for all ratios of these metals.

O x a l ic  Acid S e p a r a t io n . As ammonium hydroxide is added 
slowly to a solution of cobalt sulfate, a precipitate of cobalt hy
droxide forms, then dissolves in additional reagent. I f  the solu
tion is boiled, enough ammonia can be expelled to permit a repre
cipitation of the hydroxide. Thus, the contamination by cobalt 
of the ferric hydroxide obtained by ammonium hydroxide precipi
tation may be due to coprecipitation rather than occlusion.

If oxalates are present with the cobalt sulfate, slow addition of 
ammonium hydroxide does not form a precipitate at any time. 
Even after prolonged boiling precipitation still does not occur. 
Hence coprecipitation could be prevented by the formation of a 
cobalt oxalate complex.

Then 2.0 mg. of cobalt as the sulfate, with the amounts of 
iron shown below as the chloride, were diluted to 200 ml. and 10 
ml. of a 10 per cent solution of oxalic acid were added. The iron 
was precipitated with ammonium hydroxide as usual and filtered.

Iron Cobalt in  Filtrate
Mg. Mg.

2.0 2.00
10.0 2.00
20.0 2.00
50.0 1.45
2000 0.30

The filtrate was analyzed colorimetrically (2) and the precipitate 
tested for cobalt by the Vogel test.

Vogel Test

Negative 
Negative 
Negative 
Positive 
Positive

To determine the solubility of iron in the ammoniacai oxalate 
solution, 20 mg. of iron as the chloride were carried through the 
same procedure in the absence of cobalt. The filtrate was boiled 
down, the oxalate destroyed with sulfuric acid, and the residue 
analyzed for iron (5); 0.1S mg. were found. This quantity of iron 
does not interfere with the colorimetric determination of cobalt 
(# ).

The use of 5 ml. of the oxalic acid solution gave poor separation 
in all cases. The use of 20 ml. of oxalic acid did not improve the 
separation. The maximum ratio of iron to cobalt which can be 
separated quantitatively by this method is shown to be 10 to 1. 
An alloy steel containing 15 per cent of cobalt could be analyzed 
directly by this means, but one containing 0.1 per cent could not 
be so treated.

In order to obtain the required ratio of iron and cobalt the 
ether-extraction method for iron chloride (9) was employed. A 
solution of 2.0 mg. of cobalt and 2000 mg. of iron in hydrochloric 
acid was so treated. This removed about 95 per cent of the iron, 
leaving 100 mg. A second ether extraction reduced the iron to 
about 10 mg. The iron-cobalt ratio then was 5 to 1, so the oxalic 
acid method was applied. The filtrate was found to contain 2.00 
mg. of cobalt.

In the above work, the oxalic acid was found not to inter
fere with the colorimetric method used for the cobalt, except 
that crystallization occurred during the removal of volatile 
anions.

Description of Method

R e a g e n t s : A 10 per cent solution of oxalic acid and concen
trated (15 N) ammonium hydroxide.

The sample should contain from 0.5 to 4 mg. of cobalt. If the 
ratio of iron to cobalt is greater than 10 to 1, successive ether ex
tractions of the chloride (0) must be made until the ratio is re
duced to 10 to 1.

To the acid solution containing cobalt and iron, in a volume of 
about 200 nil., 10 ml. of oxalic acid solution are added. The 
solution is neutralized with ammonium hydroxide, and 5 ml. ex
cess are added. The precipitate is coagulated by boiling, then 
filtered and washed. All the cobalt will be in the filtrate.

If the cobalt is to be determined colorimetrically, the salt con
centration must be controlled (2). To accomplish this, 6 ml. of
9 N sulfuric acid are added to the acid solution of cobalt and iron, 
and volatile anions are removed by evaporating to fumes of sul
fur trioxide. The solution is cooled, diluted, and neutralized 
(litmus paper) with sodium hydroxide, then made just acid with 
sulfuric acid, and the volume is brought to about 200 ml. Then
10 ml. of oxalic acid are added, and the iron is precipitated with 
ammonium hydroxide, as described above. After filtration, the 
volume is reduced to 60 ml., during which the excess ammonia is 
expelled. The solution is then ready for the addition of the 10 
ml. of potassium ferricyanide and 20 ml. of ammonium hydroxide 
required for the cobalt determination. The oxalic acid does not 
interfere.

Separation of Nickel and Manganese

A solution of nickel sulfate was analyzed by the use of dimethyl- 
glyoxime. Mixtures of this solution and the iron solution, with 
a ratio of iron to nickel of 10 to 1, were prepared. The nickel was 
precipitated from these mixtures with dimethylglyoxime, with 
careful pH control (5). The iron was precipitated by the above 
oxalic acid procedure, and the nickel in the filtrate precipitated 
with dimethylglyoxime, without careful pH control. The results 
of the two methods were identical. Ratios of iron to nickel 
greater than 10 to 1 were not investigated.

Mixtures of nickel, cobalt, and iron were prepared, and the 
iron was precipitated by the above procedure. The nickel in the

26
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filtrate was precipitated as before, and quantitative recovery 
obtained. The cobalt then was determined colorimetrically. 
If this was attempted directly on the filtrate, the dimethylglyox- 
ime was found to interfere with the color development. By 
precipitating the cobalt as sulfide, filtering, and then analyzing 
colorimetrically, however, quantitative recovery was proved.

Mixtures of nickel, manganese, iron, and cobalt were made 
and the iron was removed as described. The manganese divided 
between precipitate and filtrate. That in the precipitate did not 
interfere with the colorimetric determination of the iron. The 
nickel was removed from the filtrate with dimethylglyoxime, 
then the manganese with chlorate (4), and finally the cobalt 
was freed of all these reagents by precipitation as the sulfide, and 
determined colorimetrically. Again, quantitative recovery was 
obtained.

These experiments indicate that the separation of iron 
from cobalt or nickel by the use of oxalic acid is not interfered 
with by the presence of any other element normally present 
at that point in the analysis.

Sum m ary

By the addition of oxalic acid before precipitation of 
ferric hydroxide by ammonium hydroxide, coprecipitation 
of cobalt and/or nickel is prevented, and a quantitative 
separation of these metals can be obtained.

The oxalic acid does not interfere with the subsequent 
colorimetric determination of either the cobalt or the iron, 
or the quantitative determination of nickel.

By this method, as little as 0.1 per cent of cobalt may be 
determined in a steel.
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Determination of Aliphatic Nitrate Esters
A Colorim etric Method

HERM AN  YAGODA, Division o f Industr ia l Hygiene, N ationa l In s titu te  o f Health , Bethesda, M d.

THE methods generally employed in the analysis of ali
phatic nitrate esters are based on the estimation of the 
quantity of nitric or nitrous acid formed on the hydrolysis of 
the ester (3). While these methods are serviceable in the 

assay of small quantities of relatively pure ester material, 
it was not found practical to adapt the standard procedures 
to the analysis of biological samples containing nitroglycerine, 
erythritol tetranitrate, or pentaerythritol tetranitrate. Ethe
real extracts of such samples are accompanied by other ether- 
soluble components such as fats and pigments which inter
fere with the colorimetry.

The method for the determination of inorganic nitrates 
described by Blom and Treschow (1), based on the formation 
of 5-ni tro-4-hydroxy-l, 3-dimethylbenzene, seemed a practical 
approach to the solution of this problem, as the chromogenie 
compound is readily isolated from other substances inter
fering with the colorimetry by means of a steam-distillation. 
Experiments demonstrated that in the case of the three esters 
employed in the physiological studies, complete hydrolysis 
could be effected at room temperature by the action of 62.5 
per cent sulfuric acid, and that the nitric acid formed could be 
determined quantitatively by the simultaneous nitration of 
m-xylenol. Subsequent experiments proved that the re
actions proceeded in exact stoichiometric proportions and 
that the amount of ester present could be evaluated with the 
aid of an inorganic nitrate standard.

The reaction between nitric acid and the m-xylenol em
ployed as reagent in sulfuric acid media is as follows:

OH OH

The nitration product is readily volatile in steam and re
acts with alkalies, forming an intense yellow-colored solution 
that obeys Beer’s law. This reaction was utilized by Tres
chow' and Gabrielsen (5) in the analysis of plant and soil 
extracts, and as a means of estimating inorganic nitrates in 
meat products by McVey (2). The sensitivity of the re
action was investigated by Werr (6), who found that in the 
absence of materials that interfered with the nitration process,
1 microgram of inorganic nitrate could be detected at a 
dilution of 1 part per million of sample solution.

The substances interfering with the reaction are large 
amounts of halogen salts; metals that liberate hydrogen with 
the sulfuric acid medium, nitrites, sulfides, and hydrogen 
peroxide. From the viewpoint of the proposed method for 
the analysis of nitrate esters, inorganic nitrates also con
stitute an interference. In the application of the method 
these interfering substances are of little importance, as the 
nitrate esters can be separated from them by an ether ex
traction. Traces of chlorides and inorganic nitrates which 
may dissolve in the ether layer are readily removed by wash
ing the extract with 10 per cent sodium sulfate. Hydrogen 
peroxide will also dissolve in the ether layer, but its occur
rence in appreciable quantity is not likely in samples of 
biological origin. When an extraction process is not em
ployed, any sulfides or halogen salts present in the aqueous 
sample can be removed by precipitation with silver sulfate. 
Also, the traces of nitrite present in blood and urine would 
be destroyed in sulfuric acid media by the action of the urea 
and amino acids normally present in such samples (4) •

M ethod of Analysis

R e a g e n t s . Sulfuric acid 62.5 per cent by volume, (sp. gr. 
1.63) prepared by mixing 5 volumes of nitrate-free concentrated 
sulfuric acid with 3 volumes of water.



m-Xylenol, 2 per cent (Eastman preparation No. 1150, 4- 
hydroxy-l,3-dimethylbenzene) dissolved in acetone.

Sodium hydroxide solution, 2 per cent.
Potassium nitrate, 0.02 per cent.
The nitrate esters employed in the development of the method 

were of commercial origin. The erythritol tetranitrate and the 
pentaerythritol tetranitrate were purified by dissolving the com
pounds in warm acetone, filtering off insoluble matter, and dilut
ing the filtrates with water at 50° C. The granular precipitates 
were filtered, washed with a mixture of acetone and water ( 1+3  
by volume), and dried over calcium chloride in a vacuum desic
cator. The nitroglycerine was not purified, but the commercial
10 per cent acetonic solution was assayed by evaporating off the 
solvent at room temperature and drying the residue to constant 
weight in a vacuum desiccator. Acetonic solutions of these prepa
rations containing known amounts of the esters were employed 
in the development of the method.
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F ig u r e  I .  A p p a r a t u s  f o b  D is t il l a t io n  

o f  N it r o x y l e n o l

P r e p a r a t io n  o f  t h e  S a m p l e . The sample of blood, urine, or 
stomach contents is extracted with ether and the extract washed 
with 10 per cent sodium sulfate until the wash liquor gives a nega
tive chloride test with silver nitrate. The ether layer is trans
ferred to a volumetric flask and an aliquot portion containing not 
more than 3 mg. of the ester is withdrawn to a 300-ml. cone flask. 
The ether is evaporated off with the aid of a gentle stream of cold 
air. Warming of the solvent and prolonged aeration are to be 
avoided, as the esters, particularly nitroglycerine, are easily vola
tilized. The residue need not be perfectly dry and the aeration 
should be stopped when the bulk of the ether has volatilized. The 
residue is treated with 1 ml. of a 2 per cent acetonic solution of 
m-xylenol. The use of the acetone as a solvent for the m-xylenol 
is of fundamental importance, as it redissolves the ester and facili
tates the quantitative progress of the nitration. This is of par
ticular importance in the case of pentaerythritol tetranitrate 
which is extremely insoluble in water and gives low results in the 
absence of the acetone solvent. The solution is then treated with 
15 ml. of 62.5 per cent sulfuric acid and allowed to react at room 
temperature for 30 minutes. At the termination of this period 
the mixture is diluted with 100 ml. of water and the nitroxylenol 
is separated by distillation.

D is t il l a t io n . If the distillation is conducted with an efficient 
water-cooled condenser, the nitroxylenol frequently solidifies 
on the condenser tube. This difficulty is overcome by conducting 
the steam directly into a water-cooled Nessler tube (50-ml.,
A.P.II.A. tall-form), as shown in Figure 1. The delivery tube is 
constructed so that the terminus is slightly above a 20-ml. 
calibration mark on the Nessler tube when the latter is buoyed 
up against the inclined arm. In the presence of fatty matter it is 
desirable to place a boiling rod and some porous tile in the flask 
to minimize bumping. The steam is collected in 5 ml. of 2 per
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T a b l e  I. D e t e r m in a t io n  o f  N it r o g l y c e r in e

Potassium
Nitrate ------- Nitroglycerine-

Heading4* Taken Recovered Difference

Mg. Mg. Mg. Mg.

3.81 3.00 2.85 - 0 .15
2.70 2.00 2.02 + 0.02
1.26 1.00 0.94 - 0 .06
0.65 0.50 0.49 -0.01
0.26 0.20 0.19 -0.01
0.19 0.10 0.14 +0.04

a 1 Mg. of K N O j - 0.7486 mg. of C jH&(NO j)j.

T a b l e  II. D e t e r m in a t io n  o f  E r y t h r it o l  T e t r a n it r a t e

Potassium
Nitrate

Reading® Taken Recovered Difference

Mg. Mg. Mg. Mg.

3.88 3.00 2.90 - 0 .10
2.70 2.00 2.02 + 0.02
1.30 1.00 0.97 -0 .03
0.70 0.50 0.52 +0.02
0.23 0.20 0.17 - 0 .03
0.14 0.10 0.10 0.00

° 1 mg. of KNO* - 0.7470 mg. of (C H N O jCH jNO j)j

T a b l e  III . D e t e r m in a t io n  o f  P e n t a e r y t h r it o l  T e t r a n i-

TRÄTE
Potassium

Nitrate —Pentaerythritol Tetranitrate------- *
Reading“ Taken Recovered Difference

Mg. Mg. Mg. Mg.

3.90 3.00 3.04 +0.04
2.56 2.00 2.00 0.00
1.50 1.20 1.17 -0 .03
1.30 1.00 1.02 + 0.02
0.85 0.60 0.66 + 0.06
0.24 0.20 0.19 -0.01

a 1 mg. K N O j = 0.7817 mg. of C (C H îNO j)4.

cent sodium hydroxide, introduced into the tube so that the 
walls are wetted by the alkali. When the solution comes to a 
boil, the flame is reduced to a height of 2 to 3 cm. and 15 ml. of 
distillate are collected. The delivery tube is separated from the 
flask, and the lower arm is rinsed, allowing the wash water to run 
into the Nessler tube. The tube is cooled to room temperature, 
diluted to the 50-ml. mark, and the contents are mixed. The 
resultant yellow color is read in a Duboscq colorimeter, using 5- 
cm. cups against a standard solution of nitroxylenol prepared 
from a known weight of potassium nitrate.

Quantities of the esters over the range of 3.0 to 0.1 mg. can be 
matched against a standard prepared from 1 mg. of potassium 
nitrate. The standard is prepared by evaporating 5 ml. of 0.02 
per cent potassium nitrate to near dryness, cooling, and reacting 
the residue with 1 ml. of the ?n-xylenol reagent and 15 ml. of
62.5 per cent sulfuric acid. This mixture is distilled after 30 
minutes, following the same procedure as in the case of the 
samples. One milligram of potassium nitrate is equivalent to
0.7486 mg. of nitroglycerine, 0.7470 mg. of erythritol tetranitrate, 
and 0.7817 mg. of pentaerythritol tetranitrate.

The results obtained in the analysis of known quantities 
of pure nitrate esters are summarized in Tables I to III. The 
data reveal that the reaction proceeds in stoichiometric pro
portions within the limit of error of visual colorimetry. The 
average reproducibility of results in the analysis of pure ester 
is 1 per cent. In the application of the method to ether ex
tracts of the digestive tracts of animals fed the esters in 
question, analyses of successive aliquots are reproducible 
within 3 per cent. The results of these physiological studies 
will be published in another article.

By viewing the color of the sodium salt of the nitroxylenol 
through the 23-cm. length of the 50-ml. Nessler tube it is 
possible to differentiate 5 micrograms of the esters from the 
straw-colored tint of the blank on the reagents. The range 
of 0.1 to 0.005 mg. can thus be covered by the Nesslerization 
process. Since the tint of the blank is caused by the color 
of excess m-xylenol, it is advantageous to reduce the concen
tration of the m-xylenol in the acetone solution to 1 per 
cent when analyzing for traces of the esters. This procedure
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has been employed in measuring the solubility of the aliphatic 
nitrate esters in water and oil. It should prove useful in 
the analysis of air samples from the atmosphere of plants 
engaged in the manufacture of the esters.

Sum m ary

A colorimetric method for the determination of aliphatic 
nitrate esters is described, based on the hydrolysis of the ester 
in 62.5 per cent sulfuric acid and the nitration of m-xylenol 
by the nitric acid liberated. The method has been applied 
to nitroglycerine, erythritol tetranitrate, and pentaerythritol 
tetranitrate over a range of 3.0 to 0.005 mg. The nitro- 
xylenol is readily volatilized by a steam-distillation which

permits the application of the method to complex systems. 
The reaction proceeds in stoichiometric proportions, so that 
the quantity of ester present can be evaluated from a potas
sium nitrate standard.
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Determining Free and Acetylated Sulfanilamide
.SCO 11 ANDERSON, A lu m in u m  Research Laboratories, New Kensington, Pcnna.

THE most commonly used procedure of analysis for sulfa
nilamide in solutions where both the free and acetylated 
forms are likely to be present is that of Bratton and Marshall 
(S'). This method permits a fairly rapid determination of 

sulfanilamide, but in order to determine the total amount of 
sulfa drugs present, it is necessary to hydrolyze the acetyl 
component by heating in boiling water for an hour. This 
becomes rather tedious when only one sample is to be ana
lyzed.

During a recent investigation in this laboratory it became 
necessary to determine the ultraviolet absorption spectrum

WAVE LENGTH nyi

F ig u r e  1. V a r ia t io n  o f  E x t in c t io n  C o e f f ic ie n t  w it h  

W a v e  L e n g t h

of sulfanilamide. The results obtained indicated that the 
difference in the absorption spectra of the two forms of the 
drug could be utilized in performing a rapid analysis of solu
tions where both free and acetylated sulfanilamide were likely 
to be present. With this in mind, the extinction coefficients of 
the two compounds were determined and an apparatus was 
constructed for making the analysis of aqueous solutions. The 
results are presented in this paper, together with a summary 
of certain modifications that will be necessary if attempts are 
made to adapt the method for use in an instrument to deter
mine the concentration of sulfanilamide in the blood.

Ultraviolet Absorption Spectra

The extinction coefficients of both free and acetylated sulfa
nilamide have been measured photographically in the spec
tral range 320 to 260 m/i.

For this work a Cenco replica grating spectrograph was em
ployed, taking the spectra on Eastman Panchromatic process film. 
A hydrogen arc of the Allen (/) type furnished a source of an ultra
violet continuum. The absorption spectra were determined with 
solutions varying in concentration from 0.2 to 1.25 X 10 ~3 mg. 
per cc. Those were placed in an absorption cell 13.7 mm. long 
equipped with Vycor windows. A step plate was added for cali
bration, and relative light intensities were determined with the 
aid of a Leeds & Northrup Spcedomax recording microphotom
eter. Following Beer’s law, (log///o)/L was plotted against the 
concentration for a number of wave lengths in the region investi
gated. The negative slope of the resultant line gave the specific 
extinction in units of mg. per cc. per mm. when the concentration 
was expressed in mg. per cc. and the cell length, L, in millimeters.

A plot of the extinction coefficients as a function of wave 
length is shown in Figure 1 and the transmission spectra of the 
two compounds appear in Figure 2. Here spectrum 5 is for 
free sulfanilamide and spectrum 3 is for the acetylated form. 
From these we see that free sulfanilamide absorbs all light of 
wave lengths shorter than 310 m/i, while the acetyl deriva
tive absorbs only wave lengths less than 286 m/i. Further
more, the two compounds possess almost equal extinction co
efficients for light in the range 282 to 260 m/i.

Since a difference exists between the spectra of the two 
forms of sulfanilamide, it was felt that thi3 characteristic 
might be utilized in a rapid determination of the two com
pounds in solutions where both might be present together. 
This has been done for aqueous solutions. There should 
be no difficulty in extending the method to the cor
responding analysis in blood solutions, provided certain neces
sary precautions are taken.
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F ig u r e  2. T r a n s m is s io n  S p e c t r a

Made with Cenco replica grating spectrograph (absorption occurring a t 316 mji in all spectra 
is due to transmission of silver coating on grating) using Eastman Panchromatic process film. 
Hydrogen arc used for ultraviolet continuum.

1. Transmission of water in Vycor Cell (limited in ultraviolet here by absorption of grat
ing)

2. Transmission of Corning 9860 plus Corning 9840
3. Transmission of acetylated sulfanilamide
4. Transmission of Corning 9860 plus 0.125 inch of benzene
5. Transmission of sulfanilamide
6. Transmission of Corning 014
7. Transmission of Corning 9860
8. Brass arc

T a b l e  I. R e c o v e r y  o p  K n o w n  A m o u n t s  o p  S u l f a  D r u g s  i n  W a t e r

olution

Composition of Synthetic 
Solution 
Acetyl

ated T otal 
Sulfa- sulfa- sulfa 

nil- nil- drug

Concentrations 
Determined 

Sulfa- Total 
nil- sulfa

Recovery 
Sulfa- Total 
nil- sulfa

No. amide amide present amide drug amide drug

Mg./cc. Mg./cc. Mg./cc. Mg./cc. Mg./cc. % %

1 0.05 0.0 0.05 0.053 0.053 106 106
2 0.025 0.025 0.05 0.028 0.046 111 92

3 0.025 0.0125 0.0375 0.024 0.041 96 109

4 0.05 0.0125 0.0625 0.047 0.0C9 94 110
5 0.0125 0.025 0.0375 0.013 0.032 104 86

Mode of Analysis

The apparatus used for the analysis is shown in Figure 3. It  
consists of a source, A, rich in lines between 310 aind 260 mu, and 
a glass indicator (014) which fluoresces when absorbing light of 
this wave length. The sample is placed in one side of the cell, C. 
and the concentration of sulfanilamide in the other side is varied 
until the two fluorescent fields show the same intensity. By 
interchanging the filters, F, we can differentiate the free sulfanil
amide from the acetylated form.

The principles employed in executing the analysis can be 
understood most clearly by reference to Figure 2, which con
tains the transmission spectrum of each component of the in
strument.

Spectra 5 and 3 are those of sulfanilamide and the acetyl deriva
tive. Spectrum 6 is that of Corning 014 glass which fluoresces 
in the blue under the influence of the light it absorbs. The ab
sorption range of the latter is almost identical with that of free 
sulfanilamide. It can be used, consequently, as a detector to de
termine the amount of light absorbed by the drug. A piece of 
Corning 9860 glass was placed before the arc in order to cut out 
the visible spectrum, and its absorption spectrum is shown as 
No. 7. When this is used with a 0.3-cm. (0.125-inch) cell of ben
zene we get spectrum 4. This combination, Flt absorbs all the 
light below 280 mji. Spectrum 2 is the transmission of Corning 
glass 9840. This filter in combination with Corning 9860 absorbs 
the light between 320 and 285 m/i and has the transmission of 
9860 below 285 mp. The set is employed as filter F?.

In performing the analysis, a shield was used to shut off from 
view all but the lower part of the fluorcscing field,./. The sample 
to be analyzed was placed in one side, M, of cell C, and 2 cc. of 
water were introduced into the other side, 2V. (The partition be
tween the two sides of the cell was very thin, so that the two 
halves of the field, J, were nearly conterminous.) With filter 
Fi at F the fluorescent fields received light of wave lengths that 
would be absorbed only by free sulfanilamide. Next, measured 
quantities of free sulfanilamide solution were added to N  until 
fields J  had the same visual intensity. The concentration of free 
sulfanilamide was then the same in both branches of the cell and 
could be calculated.

By substituting Ft for Fu only the light that was absorbed by 
both types of the drug was transmitted; hence if the sample 
contained any acetylated sulfanilamide, the fluorescing field in 
side M  would be weaker than the one in N. It  was assumed that 
both the free and acetylated forms had the same extinction in the 
spectral range transmitted, and more of the free sulfanilamide

solution was added to N  until balance was 
again achieved. Within the limits of this as
sumption the total sulfa drug concentration in 
side M  was then equal to the-free sulfanilamide 
concentration in N  and was calculated. By sub
traction the amounts of free and acetylated 
sulfanilamide were both known.

Aqueous solutions containing free and 
acetylated sulfanilamide were analyzed in 
this manner. An instrument was improvised 
from available equipment, employing the 
crude optical design of Figure 2 and a cell ca
pacity of 3.5 ml. in each side. With mixtures 
of free sulfanilamide and acetylated sulfanil
amide in which the total sulfa drug concen
tration was of the order of 0.05 mg. per cc., an 
accuracy of =±= 10 per cent was obtained in de
termining the amount of free sulfanilamide 
(filter Fi at F), and of ±15 per cent in esti
mating the total sulfa drug content (filter F2 
at F). One set of data is shown in Table I. 
The accuracy could be increased appreciably, 
however, by improving the optical design and 
adjusting the cell size. The accuracy was 
limited largely by the exactitude with which 
the solution volumes could be measured. 
The total time required for analysis varied 
between 3 and 5 minutes.

In order to extend the method to the de
termination of these drugs in the blood, it will 

be necessary to observe certain precautions.

When draw'ing the blood and precipitating the protein, it is 
essential to prevent the introduction of compounds whose ab
sorption spectra overlap the region 320 to 260 m¡i. To illustrate, 
sodium oxalate would be unsatisfactory for preventing coagula
tion of the blood, but sodium citrate would be ideal for this use, 
sinc6 its ultraviolet absorption begins at wave lengths shorter 
than 260 m^ (the cutoff point of Corning 9860 glass). Dilute 
trichloroacetic acid could be used to precipitate the protein, al
though some other method might be more satisfactory.
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When these precautions are followed, it may be possible to 
carry out the analysis of the blood (after the protein is pre
cipitated) in the manner described above for aqueous solu
tions. This phase has not been investigated by the author, 
but the procedure is being suggested as the basis of a method 
for the rapid determination of these substances in the blood.
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Determination of Active Oxygen in the Presence 
of Barium and Lead

M IC H A E L  FLE ISC H E R , Geological Survey, U. S. Departm ent of the Interior, W ashington, D. C.

D
URING the past two years, the Chemical Laboratory 
of the Geological Survey has made a number of complete 

analyses of manganese minerals, in connection with studies of 
ores of manganese, a strategic metal. One of the determina
tions required is the percentage of “active” or "available” 
oxygen. This is usually easily made by adding to a weighed 
sample an excess of standard oxalic acid or sodium oxalate 
solution plus a little sulfuric acid, heating until solution of the 
mineral is complete, and back-titrating the excess oxalate with 
potassium permanganate.

This method, however, is inapplicable to the analysis of the 
barium manganate minerals psilomelane and hollandite and 
the lead manganate mineral coronadite. Psilomelane is of 
very common occurrence, and the other two minerals are oc
casionally encountered. When these minerals are heated with 
oxalic and sulfuric acids, the precipitated barium or lead sulfate 
coats undissolved particles of the mineral and prevents them 
from reacting, with consequent low results for active oxygen. 
For the same reason, this method cannot be used for the de
termination of active oxygen in lead dioxide (Pb02), in red 
lead (PbjOi), or in barium or strontium peroxides.

Several methods have been proposed for this determination. 
Four of these were studied in 1937 by Mrgudich and Clark 
(1), whose results may be summarized briefly:

1. The Lux method, involving solution in oxalic acid and 
nitric acid and the back-titration with permanganate, was found 
to be inaccurate because of a side reaction between nitric acid 
and oxalic acid.

2. The Schaeffer method, involving solution in hydrogen 
peroxide and nitric acid and back-titration with permanganate, 
was found to be inaccurate.

3. The modified Bunsen method, involving treatment with 
hot hydrochloric acid, absorption of the evolved chlorine in potas
sium iodide solution, and titration of the liberated iodine with 
thiosulfate, was found to be slow and cumbersome and to require 
special precautions to obtain complete absorption of chlorine.

4. The modified Diehl-Topf method, involving solution in 
acetic acid buffered with sodium acetate in the presence of excess 
potassium iodide, and titration of the liberated iodine with thio
sulfate, was found to be accurate and fairly rapid.

The first three methods were accordingly discarded from 
consideration. The Diehl-Topf method, though apparently 
excellent for red lead, is unsuitable for the determination of 
active oxygen in manganese minerals, because these usually 
contain ferric iron which reacts with potassium iodide, liberat
ing iodine. Not only do many manganese ores contain admixed 
ferric oxides, but the manganese minerals themselves often 
contain appreciable amounts (up to 11 per cent) of ferric 
oxide.

Mrgudich and Clark suggested a fifth method, involving 
solution in oxalic acid plus concentrated perchloric acid (50 
per cent), dilution, and back-titration electrometrically with 
eerie sulfate. They obtained reproducible and apparently 
accurate results in this way. It seemed worth while, however, 
to attempt to modify their method, particularly with respect 
to two features: (1) The amount of acid used by Mrgudich 
and Clark (25 ml. of 72 per cent perchloric acid) seemed to be 
excessive; (2) electrometric titration with eerie sulfate hap
pened to be inconvenient.

As shown below, it has been found that the amount of 
perchloric acid used may be diminished to less than one third 
the amount recommended by Mrgudich and Clark, and that

the titration may be made with permanganate. There is no 
loss in accuracy or in speed, and no special technique is re
quired.

T a b l e  I. B l a n k  R u n s

0.06035
Oxalic H 2SO4 0.0797N

No. Acid Concn. Treatment Time KMnO«
Ml. Vol. % M in. M l.

15 50 5 80° 0a 37.84
18 50 5 Boiled 45 37.85
13 50 20 Boiled 45 37.82
25 50 30 80° 0a 37.88
22 50 30 Boiled 45 36.92
4 50 30 Boiled 45 36.76

H CIO4
Concn.

11 50 5 Boiled 45 37.83
9 50 20 Boiled 45 37.86

12 50 25 Boiled 45 37.80
21 50 30 80° 0a 37.87
14 50 30 Boiled 45 37.82
17 50 30 Boiled 45 37.48
26 50 50 Steam bath 60 37.83
27 50 50 Steam bath 45 37.84

a Heated to 80° and immediately titrated.

Experimental

A series of blanks was run with 50 ml. of 0.06035 N  oxalic 
acid and varying "amounts of sulfuric and perchloric acid in 
order to determine whether any side reaction occurred which 
consumed oxalic acid. Typical results, given in Table I, 
show that in sulfuric acid solution of moderate concentration 
there is no side reaction, but that some reaction which con
sumes oxalic acid occurs when 30 per cent sulfuric acid is 
boiled with oxalic acid for 45 minutes. This suggests the pre
caution of not allowing solutions to concentrate too far while 
the sample is being dissolved.

In perchloric acid solution, no appreciable side reaction 
occurred in acid of moderate concentration. When 30 per 
cent solutions of perchloric acid were boiled with oxalic acid, 
the titer was usually unaffected, but sometimes, as indicated, 
it was appreciably lower than the normal titer, as though some 
side reaction had occurred. It will be noted that 50 per cent 
solutions, heated at about 95° in the steam bath, showed 
normal titer. This is in agreement with the results of Mrgu
dich and Clark. The small amount of side reaction which 
perhaps occurred in 30 per cent acid may be due to the higher 
temperature during the heating, about 110° compared to 95° 
for the 50 per cent solution.

Table II shows some analyses by different procedures and 
the time required for complete solution. It is evident that 
neither speed nor accuracy is lost by the modifications in pro
cedure suggested here; in fact, the 50 per cent acid seemed to 
require a little longer for complete solution of the mineral, per
haps because the solutions heated in the steam bath were 
relatively quiescent and less well mixed than the boiling solu
tions of lower acid concentration.

Mrgudich and Clark made comparative analyses of the 
same lead dioxide sample by different methods, but, as the 
purity of lead dioxide cannot be determined, they presented 
no data to show that the values obtained are the true figures.

31
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PbOj
PbOi
PbOi
PbOi
Pb>Ot
PbjO.
PbjOi
Cryptomelftne
Cryptomelftne
Cryptomelane
Cryptomelane

T a b le  II. A n a ly s e s

Material

Gram

0.3300 
0.3300 
0.3300 
0.3300 
0.7000 
0.7000 
0.7000 

2) 0.1100 
2) 0.1100 
2 ) 0.1100 
(2) 0.1100

Time for Active
Acid Used Solution Oxygen

% M in. %

HCIO* 5 55 6.18
IICIO* 5 50 6.16
HCIO* 30 48 6.17
HCIO* 50 65 6.05
HCIO* 5 12 2.06
HCIO* 30 10 2.05
HCIO* 50 12 2.07
HCIO* 5 30 15.31
HCIO* 5 Overnight 15.26
HzSO* 5 25 15.29
HCIO* 50 40 15.33

perchloric acid. Titration by potassium permanganate may 
be substituted for electrometric titration with eerie sulfate.
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T a b le  I I I .  D u p l i c a t e  A n a ly s e s

Active Oxygen
5%  H jSO i 5%  HCIO*

%  %

Cryptomelane (2)
Urucum, Brazil 14.52 14.56
Philipsburg, Mont. 16.07 15.99
Demfng, N. Mew 15.92 15.94
Sugar Stick, Ark. 14.97 15.12

Pyrolusite, Lake Valley, N. Mex. 17.89 17.86
Pyrolusite, Cuba 16.32 16.30
Rancieite, Cuba 13.80 13.82

The last of the three samples in Table II contained no lead 
and only 0.13 per cent barium oxide, so that the determi
nation could be made using sulfuric acid. The results with 
sulfuric acid and perchloric acid are in excellent agreement. 
A number of similar samples have been run in duplicate, using 
sulfuric acid for one and perchloric acid for the other, with the 
results shown in Table III. It is evident that the perchloric 
acid method gives correct answers for these samples and it is 
to be presumed that the values obtained on material contain
ing lead or barium are also correct.

It seemed probable that phosphoric acid could also be sub
stituted for sulfuric acid in this determination. Experiments 
showed, however, that the c. p . phosphoric acid available 
gave fading and rather uncertain end points, presumably 
caused by the presence of some impurity. A few determina
tions made with 5 per cent phosphoric acid gave results in ap
proximate agreement with those obtained using perchloric 
acid. No attempt was made to purify the phosphoric acid.

Procedure Recommended

To an appropriate weight of sample (0.15 gram of barium or 
lead manganate, 0.3 gram of lead dioxide or 0.7 gram of red lead), 
which is preferably ground to 200-mesh, add from a pipet, which 
need not be calibrated, 50 ml. of approximately 0.05 N  oxalic 
acid solution, S ml. of 60 per cent perchloric acid, and 42 ml. of 
water. Place a short-stemmed funnel in the mouth of the flask to 
act as a condenser, and boil gently until solution is complete 
(usually about 20 minutes, but as long as 90 minutes may be re
quired for resistant minerals such as hollandite). Add water 
from time to time if necessary to prevent the volume from dimin
ishing to less than 50 ml. Dilute to 100 ml. and titrate directly 
at 80° with approximately 0.07 N  potassium permanganate. 
The blank experiment to determine the permanganate equivalent 
of the oxalic acid needs only to be heated to 80° and need not be 
boiled as long as the actual determination, since there is no loss 
of titer.

Standard sodium oxalate solution or a weighed amount of 
sodium oxalate may be substituted for the oxalic acid solution, 
but is less convenient to use. Some samples may contain dark 
insoluble material. In such cases, the completeness of solution 
of the mineral containing active oxygen may be judged by noting 
whether bubbles of oxygen come off the undissolved particles. 
It  is convenient at times to place the flask covered with a watch 
glass on the steam bath overnight. Solution is complete and 
the results obtained are accurate.

Sum m ary

The method of Mrgudich and Clark is modified by sub
stituting 5 per cent (by volume) perchloric acid for 50 per cent

New Reagents for 
Sodium

EARLE R . C A LE Y 1 A N D  LOCKHART B .  R O G E R S 1 

Princeton University, Princeton, N. J .

SODIUM reagents consisting of uranyl acetate and certain 
divalent metal acetates in dilute acetic acid solution have 

come into extensive use for the detection and determination 
of sodium. Unfortunately, all such reagents now in use are 

more or less sensitive toward lithium, so that they are not 
satisfactory for the detection or determination of sodium in 
the presence of appreciable quantities of lithium. An in
dication was found, however, in an investigation by Caley and 
Baker (/) that a sodium reagent containing uranyl acetate 
and cuprie acetate is less sensitive toward lithium than other 
reagents of this general type. The value of such a reagent 
for the detection and determination of sodium in the presence 
of lithium was the principal subject of the present investi
gation.

A q u eous C uprie A cetate—U ran yl A ceta te  R eagen t
By means of tests with a series of trial reagents in which 

the concentrations of the components were systematically 
varied, it was found that a reagent of the following com
position gave the most satisfactory results:

Uranyl acetate dihydrate 88 grams
Cuprie acetate monohydrate 88 grams
Glacial acetic acid 60 ml.
Water To 1000 ml.

The salts are dissolved in the acetic acid and nearly all the 
necessary water at a temperature of 50° to 60° C., after which 
the solution is cooled to room temperature, adjusted to final 
volume with water, and allowed to stand a day. The solution is 
then maintained at 20° C. while being stirred vigorously for 
about 2 hours with a mechanical stirrer, and is next filtered 
through a dry filter to remove the small amounts of precipitated 
salts. The reagent prepared in this way is stable.

The sensitivity of this reagent toward sodium and lithium 
is indicated in Table I. Though it is evidently insensitive 
toward lithium, it is unfortunately also not very sensitive 
toward sodium. Experiments with the trial reagents showed 
that the sensitivity toward lithium can be further reduced by 
decreasing the concentration of uranyl acetate in the re
agent, but unfortunately this is paralleled by a decrease in 
sensitivity toward sodium. An aqueous reagent of this type 
is obviously not satisfactory for the accurate quantitative 
determination of sodium, however useful it may be for the 
qualitative detection of sodium in the presence of considerable 
lithium.

1 Present address, Wallace Laboratories, New Brunswick, N . J.

J Present address, Department of Chemistry, Stanford University, Calif.
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T a b l e  I. S e n s it iv it y  o r  A q u e o u s  C u p r ic  A c e t a t e - U r a n y l  

A c e t a t e  R e a g e n t  t o w a r d  S o d iu m  a n d  L it h iu m

Ion
Am ount
Present

Reaction on Addition of Stated Volume of 
Reagent to 1 M l. of Chloride Solution

M q. 1 ml. $ ml. 5 ml. 10 ml.

Na 2 + + + +
1 — + + +
0.5 — + + +
0.3 — — —

Li 20 + + +
10

Alcoholic Cupric Acetate-Uranyl Acetate Reagent

By replacing part of the water in the aqueous reagent with 
ethyl alcohol and altering the proportion of the other com
ponents, it was found through systematic experiments that a 
reagent could be prepared that was at the same time more 
insensitive toward lithium and more sensitive toward sodium 
than the aqueous reagent. The composition of this alcoholic 
reagent is as follows:

Uranyl acetate dihydrate 
Cupric acetate monohydrate 
Glacial acetic acid 
E thy l alcohol, 95%
Water

40 grams 
25 grams 

100 ml. 
500 ml. 
450 ml.

The salts are dissolved in the water and acetic acid at a 
temperature of 50° to 60° C., and then after cooling down to 
room temperature the alcohol is added with constant stirring. 
After standing at least one day, preferably 2 or 3, the mixture 
is stirred and filtered in the same way as described for the 
preparation of the aqueous reagent. The longer time of 
standing in the preparation of the alcoholic reagent is recom
mended because the excess of salts separates more slowly than 
in the preparation of the aqueous reagent. This alcoholic 
reagent is somewhat less stable than the aqueous, particularly 
in the presence of light. However, a specimen of this re
agent which had been protected from strong light was still 
effective a year after its preparation.

In Table II is indicated the sensitivity of this reagent 
toward sodium and lithium. As little as 0.1 mg. of sodium 
may be detected if sufficient volume of reagent is used, and as 
much as 50 mg. of lithium wall not produce a precipitate when 
the volume of reagent amounts to 20 ml. With this same 
volume of reagent as much as 40 mg. of potassium present as 
chloride will also not produce a precipitate. When, however, 
potassium is present as sulfate less potassium wall result in 
the formation of a precipitate, in part because of the low 
solubility of potassium sulfate in strong alcoholic solution. 
This and similar interference from the low solubility of a 
salt in alcoholic solution may be obviated by adding alcohol 
to the test solution until the concentration is about 50 per 
cent, filtering off any precipitate, and then adding the re
agent. When the test is performed in this fashion 0.1 mg. of 
sodium present in the original test solution may still be de
tected. Ammonium alone even in high concentration does 
not produce a precipitate with this reagent. The effect on the 
sensitivity of the reagent toward sodium when other alkali 
ions are also present is indicated in the tables and discussion 
on the quantitative application of this reagent.

Anions such as ferrocyanide or phosphate which precipitate 
copper or uranium interfere with the detection of sodium with 
this reagent. The presence of much free strong acid appre
ciably reduces the sensitivity of this reagent toward sodium— 
for example, even 1 mg. of sodium produces no precipitate 
when the test solution is 6 N in hydrochloric acid.

This reagent is stable for as long as a year if kept out of 
strong light. It rapidly deteriorates if exposed to sunlight 
because of photochemical reduction of the uranyl salt. Be
cause of this the reagent should always be kept in a dark 
bottle.

Composition of Sodium  and L ith ium  Precipitates

By analogy with the triple acetates produced by other 
sodium reagents, it is to be expected that those produced by 
this aqueous cupric acetate-uranyl acetate reagent would 
have the composition

3U02(C2H302)2.Cu(C2H302)2J /C 2H30^ H 20 

where M is sodium or lithium and X approximately 6.

Samples of the sodium salt were prepared by precipitating 
20 mg. of sodium contained in 2 ml. of solution with 20 ml. of 
the aqueous reagent, filtering the precipitated salt on a glass 
crucible, washing it sparingly with 95 per cent ethyl alcohol, 
and drying in air to constant weight. In order to prepare suffi
cient lithium salt for analysis, it was necessary to have 250 mg. 
of lithium present in 5 ml. of solution, and to add 25 ml. of 
reagent. The lithium salt was washed and dried in the same 
way.

The composition of the sodium triple salt was checked by 
copper and uranium determinations. Samples were dissolved 
in dilute sulfuric acid, and, after being evaporated to fumes of 
sulfur trioxide and diluted, the solutions of the samples were 
electrolyzed for the determination of copper. The uranium in 
the filtrates from the electrolyses was precipitated as ammonium 
diuranate by means of carbonate-free ammonium hydroxide 
and weighed as UsOs. The analyses of the lithium triple salt in
cluded determinations of the lithium content, lithium being 
determined in the filtrates from the uranium separations by 
evaporating with dilute sulfuric acid in a platinum disli and 
weighing the residue as Li2SO<. Because of the method of 
analysis it is likely that these lithium determinations were a 
little high.

T a b le  II. S e n s i t iv i t y  o p  A l c o h o l i c  Cui’Ric A c e t a t e -  

U r a n y l  A c e t a t e  R e a g e n t  t o w a b d  S o d iu m  a n d  L i t h iu m

Am ount Reaction on Addition of Stated Volume of
Ion Present Reagent to 1 M l. of Chloride Solution

M b. 1 ml. S ml. 6 ml. 10 ml. £0 ml.

Na 0.3 + + + + +
0.2 — + + + +
0.1 — - + + +

L i 50 + + + + —
25

T a b l e  I I I . A n a l y s e s  o f  P r e c ip it a t e s

(Produced by adding an aqueous cupric acetate-uranyl acetate reagent to 
solutions containing sodium or lithium )

Uranium

%

Found

Calculated for a hexahydrate

Sodium Precipitate

L ith ium

%
L ith ium  Precipitate

Found

Calculated for a hexahydrate

0.55
0.54
0.45

Copper

%

4.15
4.10
4.14

4.21
4.22 
4.16

46.50
46.50
46.50

46.90
46.93
46.79

The results of the analyses are shown in Table III. It is 
evident that both the sodium and the lithium salts pre
cipitated by the aqueous cupric acetate-uranyl acetate re
agent are of the same type as those precipitated by the other 
aqueous sodium reagents.

Although the precipitate produced by adding the alcoholic 
reagent to sodium solutions was found to be a triple salt of the 
same type as regards the ratios of component salts, this triple 
salt was, surprisingly enough, solvated with both water and 
alcohol. That alcohol is actually a chemically combined com
ponent of the salt was shown by the fact that it is retained in 
constant proportion in preparations dried at different elevated 
temperatures, and is retained even at temperatures above the 
boiling point of the alcohol. No sensible loss in weight
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T a b le  IV. A n a ly s is  o f  P r e c i p i t a t e

(Produced .iby adding an alcoholic cupric acetate-uranyl acetate reagent to 
solutions containing sodium)

Copper Uranium Alcohol

% % %

Found 4.00 45.15 4.04
4.02 45.22 4.07
4.04 45.14

Calculated for Possible Solvated Salts

I  4.02 45.13 2.91
I I  3.98 44.74 4.33

I I I  4.00 44.99 4.35
IV  4.03 45.25 4.38
V 3.99 44.85 5.78

Key to Possible Solvated Salts

I. Triple salt solvated with 6 I I 2O and 1 C jH jOH , M . W . =  1582.4
I I .  Triple salt solvated with 5 l/ j  H 2O and IV 2 C2II&OII, M . W . =» 1596.4

I I I .  Triple salt solvated with 5 H iO  and I 1/* CjH&OH, M . W . =* 1587.4
IV . Triple salt solvated with 4V j HsO and l 1/* C jH sOH , M . W . =  1578.4
V. Triple salt solvated with 4 HsO and 2 CjH sOH, M . W . =» 1592.4

occurred on heating to 60° C. a preparation which had been 
dried to constant weight in air at room temperature. On 
heating this up to 85° C. a slight loss in weight occurred 
which amounted to 0.5 per cent when constancy was reached. 
This was only a small fraction of the alcohol content of the 
salt, and it is not certain whether this loss in weight was due 
entirely to escape of alcohol or to escape of both water and 
alcohol. On heating this same preparation to 110° C. a 
gradual loss in weight occurred extending over a period of 10 
weeks. This loss in weight was accompanied by a general 
decomposition of the salt, as was shown by a color change 
from a tan to a deep green.

Samples of the sodium salt for analysis were prepared in a 
manner analogous to that employed in preparing the samples 
of sodium salt precipitated by the aqueous reagent, and the 
copper and uranium determinations were made in the same 
way. The determinations of the alcohol content were made 
on separate samples by oxidizing them for 1 hour at 100° C. 
with a measured amount of standard potassium bichromate 
acidulated with sulfuric acid, the excess of bichromate being 
determined on cooling by potentiometric titration with a 
freshly standardized solution of ferrous sulfate. It was not 
found possible to estimate the alcohol content by measuring 
the loss in weight on heating, since at a temperature at which 
the alcohol was driven off some water was also driven off. 
Nor was it found possible to estimate by the same means 
the total content of alcohol and water, since at the tempera
ture required to drive both these off decomposition of the 
component acetates began. However, the total degree of 
solvation could be estimated from a rough determination of 
the molecular weight of the salt, this being done by precipi
tating quantitatively known weights of sodium and weighing 
the resulting precipitates. It was found that the molecular 
weight must lie between 1575 and 1600.

Results of the analyses and a tabulation of the composition 
of the various possible solvates are given in Table IV. This 
triple salt is solvated with about 1.5 molecules of alcohol and 
with 4.5 or 5 molecules of water. Subsequent to the work 
reported in this paper, determinations of the water content 
of this triple salt by means of the Karl Fischer reagent have 
indicated that the water content is close to 5 molecules (4). 
Thus the composition of the salt is reasonably well established.

If the assumption had been made that the salt was solvated 
with water only, and the degree of solvation had been esti
mated from the copper and uranium determinations, it 
would have been concluded that this salt was an octahydrate. 
This is interesting, inasmuch as Kahane (S) reported that 
sodium magnesium uranyl acetate precipitated by an alco
holic magnesium acetate-uranyl acetate reagent is an octa-

hydrate. An analysis of samples of sodium magnesium 
uranyl acetate precipitated by Kahane’s reagent showed that 
this salt is not an octahydrate as reported by Kahane on 
the basis of determinations of the metal and acetate content 
but is a salt solvated with both water and alcohol. Two 
determinations of the alcohol content gave 4.17 and 4.18 
per cent. The sodium salt precipitated by an alcoholic mag
nesium acetate-uranyl acetate reagent is thus analogous in 
composition to that precipitated by the alcoholic cupric 
acetate-uranyl acetate reagent. Confirmation of the pres
ence of alcohol as an essential component in the precipi
tate produced by Kahane’s reagent was found soon after 
this work was completed in an abstract of a paper by 
Schoorl (5). The presence cf alcohol in this precipitate is a 
source of error that must be taken into account if sodium is to 
be determined by reduction of the uranium in a solution of 
the precipitate followed by titration with an oxidizing agent, 
as has been recommended by Kahane and others, since re
sults are likely to be high because of the presence of alcohol 
as a second oxidizable substance.

T a b le  V. D e t e r m in a t i o n s  o f  S o d iu m  w i t h  A l c o h o l i c  

C u p r ic  A c e t a t e - U r a n y l  A c e t a t e  R e a g e n t

Sodium

Reagent
Chloride
Solution

Sodium
Present

Sodium
Found Difference

M l. M l. Mg. Mg. Mg.

50 2 1.0 0.9 - 0 .1
100 ' 5 1.0 1.0 * 0 .0

25 5 10.0 9.2 - 0 .8
50 5 10.0 10.0 * 0 .0

100 5 10.0 10.1 + 0.1
125 5 10.0 9.8 - 0 .2

50 2 20.0 19.7 - 0 .3
50 2 20.0 20.0 * 0 .0

100 2 20.0 20.0 * 0 .0
100 5 20.0 20.0 * 0 .0

100 2 50.0 47.8 - 2 .2
150 5 50.0 48.4 - 1 .6
250 5 50.0 49.7 - 0 .3
350 2 50.0 49.9 - 0 .1

Q uantita tive  Application of Alcoholic Reagent

The alcoholic cupric acetate-uranyl acetate reagent may 
be used for the quantitative determination of sodium with 
satisfactory results. In the trial determinations reported 
here the procedure used was essentially that of Caley and 
Foulk (2) employing the aqueous magnesium acetate-uranyl 
acetate reagent, except that the precipitate was collected on 
glass crucibles of medium porosity, and washing was per
formed with 95 per cent ethyl alcohol freshly saturated with 
sodium copper uranyl acetate. Moreover, the precipitate 
was dried at 60° C., not at 110° C. This was necessary be
cause of its lower stability as compared to sodium magnesium 
uranyl acetate. The factor 0.0145 was used for converting 
the weight of dried precipitate into weight of sodium.

In Table V are shown results obtained with sodium present 
alone. It will be seen that by using a sufficient volume of 
reagent, amounts of sodium from 1 to 50 mg. may be deter
mined with satisfactory accuracy. Experiments on the 
determination of quantities below 1 mg. indicated that 0.4 
mg. is about the smallest quantity that may be successfully 
determined with this reagent when using ordinary volumes of 
reagent and sample solution.

In Table VI are shown results of determinations of sodium 
in the presence of lithium. Contrary to what was expected 
from the results of the qualitative experiments, the presence 
of lithium invariably caused a positive error in the sodium 
determinations. The magnitude of this error is apparently 
independent of the volume of reagent used, is decreased 
slightly by increasing the volume of sample solution, and is
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T a b le  VI. D e t e r m in a t i o n s  o f  S o d iu m  i n  t h e  P r e s e n c e  o f  

L i t h iu m

Sample L ith ium Sodium Sodium
Reagent Solution Present Present Found Difference

M l. M l. Mg. Mg. Mg. Mg.

50 2 10.0 10.0 10.4 + 0 .4
15.0 10.0 10.6 + 0.6
20.0 10.0 10.5 + 0 .5
25.0 10.0 10.6 + 0.6

100 2 10.0 10.0 10.5 + 0 .5
15.0 10.0 10.8 + 0.8
20.0 10.0 10.6 + 0 .6
25.0 10.0 10.7 + 0.7

50 5 10.0 10.0 10.2 + 0.2
15.0 10.0 10.3 + 0.3
20.0 10.0 10.3 + 0 .3
25.0 10.0 10.2 + 0 .2
50.0 10.0 10.7 + 0.7

100 5 10.0 10.0 10.3 + 0 .3
15.0 10.0 10.6 + 0.6
20.0 10.0 10.4 + 0 .4
25.0 10.0 10.6 + 0.6
50.0 10.0 11.1 +  1.1

100 5 25.0 20.0 21.3 +  1.3
50.0 20.0 21.5 +  1.5

100.0 20.0 21.7 + 1.7

T a b l e  VII. D e t e r m in a t io n s  o f  S o d iu m  in  t h e  P r e s e n c e  o f

P o t a s s iu m

Reagent
Sample
Solution

Potassium
Present

Sodium
Present

Sodium
Found Difference

M l. M l. Mg. Mg. Mg. Mg.

50 2 50 10.0 10.2 +  0.2
50 5 50 10.0 10.0 *  0.0
50 5 100 10.0 10.1 +  0.1
50 5 200 10.0 10.2 +  0.2
50 5 300 10.0 15.5 + 5.5

100 2 50 10.0 10.4 +  0.4
100 5 50 10.0 10.1 + 0.1
100 5 100 10.0 10.4 + 0.4
100 5 200 10.0 10.8 +  0.8
100 5 300 10.0 20.6 +  10.6

100 5 50 20.0 19.5 -  0.5
100 5 100 20.0 20.4 +  0.4
100 5 200 20.0 21.1 +  1.1
100 5 300 20.0 22.8 +  2 .8

increased with increase in amount of sodium precipitated. 
As shown also by the results in Table VI, the error is by no 
means proportional to the amount of lithium present. The 
errors in these determinations of sodium in the presence of 
lithium with the cupric acetate-uranyl acetate reagent are 
much smaller than the errors which would result in similar 
determinations with the magnesium acetate-uranyl acetate 
or the zinc acetate-uranyl acetate reagents. These errors 
are not serious when quantities of lithium up to 10 mg. are 
present and when suitable volumes of reagent and sample 
solution are employed. It seems likely from the present 
results that determinations of sodium in the presence of 
larger amounts of lithium could be accomplished with satis
factory accuracy if a suitable small correction were applied to 
the final results. Thus for purposes where high accuracy is 
not required, the alcoholic cupric acetate-uranyl acetate 
reagent may be useful for estimating sodium in the presence 
of both small and large amounts of lithium. In Table VII 
are shown results of determinations of sodium in the presence 
of potassium with this reagent. Interference from potassium 
is not serious unless considerable amounts are present, the 
extent of the interference being in the same order of mag
nitude as that from other sodium reagents of this type. The 
effect of ammonium is illustrated by the results in Table VIII. 
In contrast to effects observed with other sodium reagents, 
slightly low results are obtained with the alcoholic cupric 
acetate-uranyl acetate reagent when considerable amounts of 
ammonium are present. However, the interference from 
ammonium is not serious from the standpoint of practical 
analysis because excessive amounts are so readily removed.

From a manipulative viewpoint the use of an alcoholic 
cupric acetate-uranyl acetate for quantitative work is 
slightly less convenient than the use of aqueous magnesium 
acetate-uranyl acetate or zinc acetate-uranyl acetate re
agents, since the crystals of sodium copper uranyl acetate 
are more difficult to transfer than those of the triple acetates; 
precipitated by these other reagents by reason of their greater 
coarseness, density, and tendency to adhere to the walls of 
the vessel in which the precipitation is made. In general, 
the alcoholic cupric acetate-uranyl acetate reagent offers no 
advantages over other sodium reagents of this type unless 
determinations of sodium are to be made in the presence of 
lithium.

Other Possible Reagents

An apparently heretofore unexplored possibility by which 
the triple salt method for sodium might be improved is the 
use of metal salts of certain substituted acetic acids and of 
certain homologs of acetic acid in the preparation of sodium 
reagents. Reagents prepared from uranium and magnesium 
chloroacetates, formates, propionates, and butyrates, modeled 
after the magnesium acetate-uranyl acetate reagent of Caley 
and Foulk (2), were studied. The magnesium-uranyl salt 
type was selected for study because of the ease by which the 
magnesium salts of the acids could be prepared. The mag
nesium chloroacetates were prepared by the dissolution of 
both pure magnesium and pure magnesium carbonate in the 
pure acids; the formates, propionates, and butyrates by the 
dissolution of pure magnesium. The uranyl salts were pre
pared by the dissolution of pure uranium trioxide in the acids.
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T a b l e  V III. D e t e r m in a t io n s  o f  S o d iu m  i n  t i ie  P r e s e n c e  o f

Reagent
Sample
Solution

A m m o n iu m

Ammo
nium Sodium 

Present Present
Sodium
Found Difference

M L M l. Mg. Mg. Mg. Mg.

50 2 100 10.0 9.9 - 0 .1
50 5 100 10.0 9.8 - 0 .2
50 5 200 10.0 9.9 - 0 .1
50 5 300 10.0 9.9 - 0 .1
50 5 400 10.0 9.7 - 0 .3

100 2 100 10.0 10.0 ±0.0
100 5 100 10.0 9 .8 - 0 .2
100 5 200 10.0 9.7 - 0 .3
100 5 300 10.0 9.7 - 0 .3
100 5 400 10.0 9.4 - 0 .6

These reagents were tested qualitatively for sensitivity 
toward sodium, lithium, and potassium by adding 10 ml. of 
reagent to 1 ml. of chloride solutions of these ions. Surpris
ingly enough, not one of those possible reagents was sensitive 
toward sodium. No precipitate was obtained with the 
chloroacetate and formate reagents, even when highly con
centrated sodium chloride solutions were tested. The pro
pionate reagent yielded only a slight precipitate with 50 mg. 
of sodium, and although the butyrate reagent gave a large 
initial precipitate with the same amount of sodium, this pre
cipitate redissolved before all the reagent was added. With 
lithium solutions the chloroacetate and formate reagents 
yielded no precipitates. The propionate reagent was some
what more sensitive toward lithium than toward sodium, since 
a large precipitate was obtained with 50 mg. and a slight pre
cipitate with as little as 20 mg. The butyrate reagent failed 
to precipitate even highly concentrated lithium solutions. 
With potassium solutions the chloroacetate and formate 
reagents also yielded no precipitates. The propionate re
agent yielded a moderate precipitate with 50 mg. of potassium 
but not with 20 mg. On the other hand, the butyrate re
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agent produced a very heavy precipitate with 50 mg., a heavy 
precipitate with 20 mg., and a slight precipitate with 5 mg. 
but no precipitate with 1 mg. In other words, the butyrate 
reagent turned out to be a selective but not very sensitive 
reagent for potassium.

Contrary to what might reasonably have been expected, 
these reagents closely analogous to the acetate type of re
agent were found to be entirely ineffective for the detection 
or determination of sodium.
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Determination of Alkalies in Glass
Denatured A lcohols as Substitutes for U. S. P . Grain A lcohol

I’ . A. W EBSTER AND R . M . CRANE, Ilarlford-Em pire Com pany, Hartford, Conn.

THE procedures (S) for determining sodium and potas
sium in soda-lime glasses specify the use of 95 per cent 
ethyl alcohol in the preparation of wash solutions. In the 
method for sodium, the precipitate of sodium zinc uranyl ace

tate is washed with a saturated solution of the triple acetate 
salt in 95 per cent ethyl alcohol. In the potassium procedure 
the potassium chloroplatinate precipitate is washed with 
80 per cent ethyl alcohol.

T a b le  I. S o d iü m  O x id e  D e t e r m in a t i o n s  o n  G la s s

Alcohol Used NasO, %

Alcohol denatured w ith 10% ether

Alcohol denatured with 10% acetone 

95% grain alcohol

Bureau of Standards recommended value

16.81
16.77
16.81
16.79 
16.81
16.80 
16.81 

16.83

The possibility of substituting one of the specially de
natured alcohols for 95 per cent grain alcohol in the deter
mination of sodium and potassium has been investigated. 
Two commercial denatured alcohols were selected for trial, 
one containing about 10 per cent of ethyl ether and the other 
about 10 per cent of acetone. These two products were com
pared with 95 per cent ethyl alcohol in a series of determina
tions of sodium and potassium in the National Bureau of 
Standards sample of soda-lime glass No. 128.

Sodium  Determ inations

Sodium (S) was precipitated as sodium zinc uranyl acetate and 
t ie  precipitate was washed, first with the aqueous reagent, then 
■with a solution of alcohol saturated with the triple acetate salt, 
and finally with ether. For purposes of comparison, quantities 
of the two selected denatured alcohols were saturated with the 
sodium salt and used in the same manner as the saturated wash 
solution prepared from 95 per cent grain alcohol.

satisfactory as substitutes for 95 per cent grain alcohol in 
the determination of sodium oxide in glass.

Potassium  Determ inations

Potassium (S) was determined by the modified Hicks method, 
in which the potassium is first separated as the chloroplatinate; 
this salt, after thorough washing with alcohol to eliminate solu
ble platinum compounds, is dissolved in hot water, then reduced 
to yield metallic platinum which can be separated and weighed.

The original Hicks procedure (2) specifies a wash solution of 
ethyl alcohol of at least 80 per cent strength. For purposes of 
comparison, each of the denatured alcohols in question was 
diluted with 10 per cent water (by volume), resulting in a concen
tration of ethyl alcohol, exclusive of the denaturant, of approxi
mately 80 per cent. These solutions were compared with 80 
per cent ethyl alcohol in a series of K20 determinations on Bureau 
of Standards glass No. 128 (Table II).

The question of optimum concentration of alcohol for 
washing potassium chloroplatinate precipitates has been dis
cussed very recently by Ford and Hughes (1). In a series of 
potassium determinations on a large number of fertilizer 
samples, they found that the chloroplatinate precipitate is 
slightly more soluble in 80 per cent than in 95 per cent ethyl 
alcohol. They conclude that undiluted 95 per cent alcohol is 
a little more satisfactory than the diluted form as a wash solu
tion for potassium chloroplatinate.

The tests indicate that the two denatured alcohols in ques
tion may be used satisfactorily to replace 95 per cent grain 
alcohol in the potassium procedure.

T a b l e  I I .  P o t a s s iu m  O x id e  D e t e r m in a t io n s  o n  G l a s s

Wash Solution K 2O, %

90 parts of ether-denatured alcohol + 1 0  parts of water 

90 parts of acetone-denatured alcohol + 10 parts of water 

80 parts of 95% alcohol +  20 parts of water 

Bureau of Standards recommended value

0.98
0.99
0.95
0.97
0.99
0-97

0.99

Comparative results obtained on a series of 0.1-gram sam
ples, Bureau of Standards glass No. 128, are given in Table I.

The percentages have been adjusted for the change in igni
tion loss on standard glass No. 128 occurring since the sample 
was distributed.

It is evident that the two denatured alcohols selected are
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Spray Residues of Tartar Emetic on Citrus Leaves
D eterm ination by Iodom etric Titration

R . L. BUSBEY AND 

Bureau of Entom ology and P lan t Quarantine ,

TARTAR emetic is now used to control certain species of 
thrips, especially the citrus thrips, Scirtothrips citri 
(Moult.), on lemons and oranges. When it is used for the 
control of the citrus thrips, it is combined with sucrose and 

applied with a broom gun or a high-speed blower sprayer. 
During the 1940 season in California a spray solution was 
used containing 1.5 pounds (680 grams) of tartar emetic, 2 
pounds (900 grams) of sucrose, and 100 gallons (378 liters) of 
water. Davidson, Pulley, and Cassil (1) have proposed a 
modified Gutzeit method for the determination of tartar 
emetic spray residues. However, it was desired to develop a 
simpler method that would eliminate ashing of the leaf ma
terial.

T a b le  I. T a r t a r  E m e t ic  D e p o s i t s  o n  O r a n g e  F o l i a g e

(Sprayed with 1.5 pounds of tartar emetic and 2 pounds of sugar in 100

Time from Spray No. of Whole Leaves
ing to Sampling Taken Deposit®

Days Micrograms/sq. cm.

0

Plot 1 at Redlands 

50 9.4
50 7.8
48 10.3
50 6.6
49 10.7
50 7.0

Rain
13 50 2.6

50 3.0
50 1.9
51 1.5

21 25 1.9
25 1.3
27 1.5
24 1.2

7

Plot 2 at Redlands 

25 4.5
25 5.1
25 6.7
25 6.4

0

P lot 1 at San Bernardino 

49 9.2
50 7.4

Rain
13 47 1.5

50 1.1

° A correction factor, 1.80 micrograms per sq. cm. for leaf material.

Direct titration with iodine solution in the presence of 
sodium bicarbonate is a recognized means of determining 
antimony in solution in the trivalent form in which it exists in 
tartar emetic [KtSbOJCiHjOc.VsH^O]. Preliminary ex
periments showed that tills titration was not significantly 
altered by the presence of sucrose, or by tartaric acid, which 
it was proposed to use as an aid to the removal of the spray 
from the leaves. Additional experiments showed that known 
amounts of tartar emetic applied to leaves could be quanti
tatively recovered by immediate washing with 1 per cent 
tartaric acid solution. If the treated leaves were allowed to 
dry overnight, or were kept in a moist chamber for several 
days, the titer was greater than the tartar emetic applied, but 
when corrected for the leaf material the final recoveries aver
aged about 98 per cent.

For example, 3.07 ml. of solution containing 5.78 mg. of tartar 
emetic were added to the surface of 13 leaves and allowed to dry 
overnight. The following morning the residue was removed with

ROBERT A. FULTON

. S. Departm ent o f Agriculture, W h ittie r, Calif.

tartaric acid and titrated with iodine; 5.84 mg. of tartar emetic 
were removed from the leaves compared with 5.78 mg. added. 
The correction factor for the leaves used was 0.02 mg. per 32.6 
sq. cm. of leaf surface (average area of leaf). When the cor
rection factor was applied for the leaf material (0.26) the actual 
amount removed was 5.58 mg. compared with 5.78 mg. added. 
In another test the leaves were allowed to stand for 3 days in a 
standard moisture cage (3). When they were removed, washed 
with tartaric acid, and titrated with iodine, 8.82 mg. of tartar 
emetic were found compared with 8.51 mg. added. When the 
above figure was corrected (0.02 X 17 leaves) for the leaf material, 
8.82 mg. — 0.34 mg. = 8.48 mg.

The use of the method is not valid in the presence of ar- 
senites, but these compounds are seldom, if ever, applied to 
citrus trees.

Procedure
Replicate samples are collected from a plot of trees sprayed 

with tartar emetic by selecting at random a few leaves from each 
of several trees until approximately 25 or 50 have been taken. 
The replicate samples need not come from the same trees. 
Similar samples are collected from unsprayed trees. The leaf 
material is placed immediately in a portable ice box and taken to 
the laboratory, where it is stored in a refrigerator until analyzed. 
(Samples have been satisfactorily kept for 18 days.) As soon 
as practicable the leaves are washed with water containing 1 per 
cent of tartaric acid, first by agitation in a container and then 
individually by means of a wash bottle. The washings are made 
to 250 ml. for a 25-leaf sample and to 500 ml. for one of 50 leaves.

Aliquants of 100 ml. are neutralized with solid sodium bi
carbonate and enough is added to saturate the solution. It is 
immediately titrated with standard approximately 0.01 N  iodine 
solution, using freshly prepared starch solution as indicator. The 
iodine must be added at a uniform rate (approximately 10 seconds 
per ml.).

After the leaves have been washed, their outlines are traced 
on paper and the area is determined with a planimeter. The 
results in this paper are reported in terms of residue per square 
centimeter of leaf, and not on the basis of total leaf surface.

The correction to be applied is determined by carrying the 
unsprayed samples through the same procedure.

For residues on lemons approximately 15 fruits are taken as a 
sample. They are assumed to be prolate spheroids, and the 
area is calculated from measurements of the major and minor 
axes.

That the titration obtained is really due to antimony is con
firmed by Reinseh's test, in which a strip of bright copper is 
boiled for 5 minutes in a portion of the solution to which has been 
added one sixth its volume of concentrated hydrochloric acid. 
A black or violet lustrous deposit is obtained.

T a b l e  II. T a r t a r  E m e t ic  D e p o s it s  o n  L e m o n  F o l ia g e  a n d

L e m o n s

(A t San Fernando, Calif., 12 days after spraying with 1.5 pounds of tartar
emetic and 2 pounds of sugar in 100 gallons)

Sprayed Material
Analyzed No. Deposit

Micrograms/sq. cm.

Leaves® 51 1.6
49 2.4

Lemons“ 14 0.9
14 0.7

a A correction factor of 1.50 micrograms per sq. cm. was used for leaves
and 1.60 micrograms per sq. cm. for lemons.

Results
With this technique tartar emetic deposits have been de

termined on citrus foliage and on lemons from groves in sev
eral sections of southern California. The results are shown in 
Tables I and II.
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Sum mary

The antimony residues from spraying citrus trees with 
tartar emetic and sugar can be removed from the leaves by 
washing with dilute tartaric acid solution and determined by 
titrating with standard iodine solution. The residues from 
orange foliage from a spray containing 1.5 pounds of tartar 
emetic and 2 pounds of sugar per 100 gallons were found to

contain antimony equivalent to 6.6 to 10.7 micrograms of 
tartar emetic per square centimeter immediately after spray
ing, but these residues were greatly reduced by rain.
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Determining an Alkali Carbonate in the 
Presence o f an Alkali Bicarbonate

A Colorim etric Method
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THE carbonates and bicarbonates of the alkali metals are 
important industrial chemicals and useful chemical rea
gents, since they are the salts of a strong base and a weak 
acid and are the only readily available salts of these anions 

which are soluble in water.
It is frequently necessary to distinguish between the car

bonate and bicarbonate of an alkali metal, and to determine 
one in the presence of the other, since solutions of bicar- 
bonates lose carbon dioxide to revert to the corresponding 
carbonate and solutions of the carbonates absorb carbon diox
ide to become contaminated with the bicarbonate.

The pH of an alkali carbonate solution is higher than that of 
the corresponding bicarbonate; hence, these anions may be 
distinguished by their behavior with an indicator such as 
turmeric (7), which is reddened by solutions of an alkali car
bonate but not by solutions of an alkali bicarbonate. Mercu
ric chloride (6), which gives a brownish-red precipitate with 
solutions of an alkali carbonate and a white precipitate with 
solutions of the bicarbonate, has been used to distinguish be
tween these anions; as has magnesium sulfate (5), which pre
cipitates at room temperature with alkali carbonates but not 
with the corresponding bicarbonates.

Qualitative Procedure

In a study of the tautomerism of p-nitrosothymol and thy- 
moquinone monoxime (9) it was observed that a solution of 
sodium carbonate was alkaline enough to tautomerize the 
colorless p-nitrosothymol into thymoquinone monoxime with 
the simultaneous production of a red color due to the presence 
of the anion of the sodium salt of the oxime:

*  SNOH I jNONa
+ Na2C03 = | |  + NaHCOj

A solution of sodium bicarbonate under the same conditions 
produces no color or a very faint yellow color, depending on 
the amount of carbonate contamination in the bicarbonate 
sample. Thus p-nitrosothymol can be used to distinguish 
between alkali carbonates and bicarbonates and provides a 
qualitative test for the presence of an alkali carbonate in a 
sample of an alkali bicarbonate.

p-Nitrosothymol is available from the Eastman Kodak Com
pany, Rochester, N. Y. It can also be prepared in almost

quantitative yields by the method of Kremers and Wakeman (3). 
Purification of p-nitrosothymol can be accomplished by re
crystallization from benzene or from diluted alcohol with the use 
of activated carbon.

Quantitative Procedure

There are standard procedures (10) for titrating an alkali 
carbonate in the presence of an alkali bicarbonate by the use 
of selected indicators. The accuracy of these methods de
pends upon several factors, especially the choice of the indi
cator, but under no condition is it exact when the amount of 
bicarbonate is proportionately large (2).

For determining inadmissible amounts of carbonate in official 
samples of the alkali bicarbonates, the U. S. Pharmacopoeia X I 
(11 ) requires that a 1-gram sample of the salt be not alkaline 
to phenolphthalein after it has been dissolved in 20 ml. of 
distilled water below 15° C. and treated with 2 ml. of 0.1 N 
hydrochloric acid. The British Pharmacopoeial method (1) is 
similar, except that thymol blue is used as the indicator. 
While these pharmacopeial methods serve the purpose for which 
they are intended, they are not quantitative.

The qualitative test using p-nitrosothymol was investi
gated to determine whether the intensity of the color pro
duced with the indicator was in direct ratio to the amount of 
alkali carbonate present, so that it could be used for quan
titatively determining an alkali carbonate in the presence of 
the corresponding bicarbonate.

Experimental

To a series of Nessler tubes, arranged in a rack fitted with a 
white porcelain base, were added equal volumes of sodium car
bonate solutions of graduated molarity. To each tube was 
then added approximately twice the calculated quantity of p- 
nitrosothymol previously dissolved in enough neutral acetone or 
neutral dioxane to give a 0.35 M solution. (The p-nitrosothymol 
was dissolved in the solvent to facilitate its admixture with the 
carbonate solutions.) The tubes were shaken for from 10 to 15 
minutes, and the excess p-nitrosothymol was filtered off. These 
filtrates provide the reference standards. An equal volume of a 
solution containing an unknown amount of alkali carbonate 
was treated in like manner, after which its intensity of color 
was compared to those of the reference standards for the deter
mination of its alkali carbonate content.

By this procedure, using a blank composed of p-nitroso- 
thymol and distilled water, it was found that the color pro
duced by the indicator in the presence of 0.0001 M  solutions 
of sodium carbonate could be detected with the unaided eye. 
From this molarity the method is applicable in concentrations 
up to 0.1 M  sodium carbonate, above which the color is too



intense for comparisons. Near the lower concentration it is 
possible to distinguish between a 0.0001 and a 0.00015 M 
sodium carbonate solution, and at the higher concentration 
between a 0.1 and 0.09 M  solution.

Three different procedures were used to check the accu
racy of the p-nitrosothymol method against other methods 
used to determine alkali carbonates in the presence of alkali 
bicarbonates.

A solution of sodium carbonate of known molarity was pre
pared by dissolving reagent monohydrated sodium carbonate in 
distilled water. Measured portions of this solution were assayed 
by titration with standardized hydrochloric acid, using methyl 
orange as an indicator. Identical samples were assayed by the 
use of p-nitrosothymol in the manner described above. Twelve 
color reference standards ranging from 0.01075 to 0.01625 M 
with respect to sodium carbonate were used, and each succes
sive tube in the series differed to the extent of 0.0005 in molarity. 
The results by the two methods are:

Molarity of solution with respeot to
NajCOa

True molarity 0.01325

As determined with HC1 (average
of 3 determinations) 0.01338

As determined with p-nitroso-
thymol (average of 5 readings) 0.01340

A 0.15 M solution of sodium bicarbonate was treated with 
carbon dioxide until it no longer gave a color with p-nitroso- 
thymol. To this solution were added enough sodium carbonate 
and distilled water to give a solution which was 0.075 M with re
spect to sodium bicarbonate and 0.00525 M with respect to so
dium carbonate. The amount of sodium carbonate in this 
solution was then determined by Kuster’s method (4), which 
consists of titrating the solution at 0° C. in the presence of an 
alkali chloride with standardized acid, using phenolphtlialein as 
the indicator. The amount of sodium carbonate was determined 
also with the use of p-nitrosothymol in the manner described 
above. Twelve color reference standards which ranged from 
<3.00275 to 0.00825 M with respect to sodium carbonate were 
used, and each successive tube in the series differed to the extent 
■of 0.0005 in molarity. The results by both methods are:

Molarity of solution with respect to 
NasCOj

True molarity 0.00525

As determined with HC1 (average
of 3 determinations) 0.00735

As determined with p-nitroso-
thymol (average of 5 readings) 0.00612

The amount of sodium carbonate in a sample of sodium bicar
bonate was determined with p-nitrosothymol in the manner pre
viously described. To an approximately 0.15 M solution of this 
sodium bicarbonate were added enough 0.0175 M  sodium car
bonate solution and distilled water to give a solution which was 
approximately 0.075 M  with respect to sodium bicarbonate and
0.00575 M  with respect to sodium carbonate. The sodium car
bonate in aliquot portions of this solution was determined by 
titration with standardized hydrochloric acid, using a mixed 
indicator composed of thymol blue and cresol red as recommended 
by Simpson (8). Other aliquot portions were assayed for 
sodium carbonate, using p-nitrosothymol in the manner de
scribed above. Twelve color reference standards which ranged 
from 0.00275 to 0.00825 M  with respect to sodium carbonate were 
used, and each successive tube in the series differed to the extent 
•of 0.0005 in molarity. The results by the two methods are:

Molarity of solution with respect to 
Na.CO»

True molarity 0.00575

As determined with HC1 (average
of 3 determinations) 0.00620

As determined with p-nitroso-
thymol (average of 5 readings) 0.00600

Stability of Reference Standards

The influence of aging of the reference standards on the 
accuracy of the method was determined.

A series of twelve reference standards which ranged from 
■0.00275 to 0.00825 M  with respect to sodium carbonate, with 
each successive tube differing to the extent of 0.0005 in molarity, 
was prepared by the method described above, except that the 
indicator was shaken with the known carbonate solutions for 30 
minutes. The reference standards were kept for 8 days, during
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which they were checked periodically with a carbonate solution 
of known molarity which was prepared just prior to the periodio 
comparisons by the same procedure used with the reference 
standards.

The results of these comparisons are:

True molarity of solution with re
spect to NajCOj

Molarity with respect to NajCOi

Determined with fresh standard 
(average of 3 determinations)

Determined with day-old standard 
(average of 3 determinations)

Determined with 3-day-old stand
ard (average of 3 determina
tions)

Determined with 5-day-old stand
ard (average of 3 determina
tions)

Determined with 8-day-old stand
ard (average of 3 determina
tions)

Discussion

While all the foregoing experiments involved the use of 
only sodium carbonate and sodium bicarbonate, it was found 
by preliminary experiments that the method could be applied 
to the corresponding salts of lithium and potassium.

For the p-nitrosothymol method to be accurate and its 
results reproducible, the conditions for mixing the bicarbonate 
solution must be kept the same as those under which the 
reference standards are prepared from known alkali carbonate 
solutions and p-nitrosothymol.

There was no difference in the intensity of the color pro
duced when 1.1 or 2 times the calculated quantity of p-nitro
sothymol was added to the alkali carbonate solutions. Ad
dition of approximately twice the calculated quantity of 
p-nitrosothymol provides a safe margin, especially in the case 
of the unknowns where the carbonate content would have to 
be estimated.

As may be seen from the experimental data, the method 
is more accurate when freshly prepared reference standards 
are used. The reference standards change less when they 
are kept in a closed cupboard than when they are exposed to 
the light.

As was expected, boiling a solution of sodium carbonate or 
sodium bicarbonate with the indicator gave a darker color 
than when solutions of the same strength were shaken with 
the indicator at room temperature.

The p-nitrosothymol method is most accurate when only a 
little carbonate is present with much bicarbonate, the condi
tions under which the titration method is least exact.

Literature Cited
(1) “British Pharmacopoeia”, p. 389, London, Constable and Co.,

1932.
(2) Kolthoff, I. M., and Furman, N. H., “Volumetric Analysis” ,

Vol. II, p. 139, New York, John Wiley & Sons, 1929.
(3) Kremers and Wakeman, “Organic Syntheses”, Collective Vol.

1, p. 511, New York, John Wiley & Sons, 1932.
(4) Kuster, F. W., Z. anorg. allgem. Chem., 13, 142 (1896).
(5) Patein, G., J . Pharm. Chem., 25, 448 (1892); through Mellor,

J. W., “Comprehensive Treatise of Inorganic and Theoretical
Chemistry”, Vol. II, p. 773, London, Longmans, Green and Co.,
1922.

(6) Rogers, C. H., “Inorganic Pharmaceutical Chemistry” , p. 184,
Philadelphia, Lea and Febiger, 1936.

(7) Schindler, It., Mag. Pharm., 33, 14 (1821); through Mellor, J.
W., “Comprehensive Treatise of Inorganic and Theoretical
Chemistry”, Vol. II, p. 773, London, Longmans, Green and Co.,
1922.

(8) Simpson, G., I n d . E n g . C hem ., 16, 709 (1924).
(9) Sumerford, W. T., and Hartung, W. H., J . Am. Pharm. Assoc.,

24, 65 (1940).
(10) Treadwell, F. B., and Hall, William T., “Analytical Chemistry”,

Vol. II, p. 512, New York, John Wiley & Sons, 1935.
(11) “United State3 Pharmacopoeia", 11th decennial revision, p . 336,

Easton, Penna., Mack Printing Co., 1935.

39A N A L Y T I C A L  E D I T I O N

0.00525

0.00537

0.00550

0.00565

0.00567

0.00567



A Schematic Procedure for Identification of 
Common Commercial Plastics

HOWARD iNECHAMKIN 

1971 73rd S t., B rooklyn, N . Y .

THE use of synthetic resins or plastics is daily becoming 
more and more important. Not only are these materials 
being used for original purposes, but, even more important, 
they are gradually replacing tremendous quantities of metals 

and other vital materials in war industry.
The chemist, especially in the commercial or industrial 

testing laboratory, has to keep up with the great strides taken 
by the plastics industry if he is to remain valuable in his po
sition. Tables of the properties and characteristics of the 
synthetic resins are readily available (S) but, to the best of 
the author’s knowledge, no method has as yet been published 
to aid the chemist in the identification of a particular plastic.

This article presents, in schematic form, a simple and con
cise procedure for the identification of the more commonly 
encountered synthetic resins or plastics. Not all the known 
plastics are considered in this procedure, but only those which 
are rather uncommon under ordinary circumstances have been 
omitted. Only those materials which one is likely to find in 
consumer merchandise submitted for test have been included. 
Naturally, with the development of new materials and the 
appearance of new plastics on the commercial market, addi
tions and revisions of the method will become necessary.

A novel feature of the procedure is the rather wide applica
tion of the olfactory sense. In most cases the odors are so 
intense that rather cautious smelling is advised.

An important effect to be noted in the classification is the 
“green zone” around the base of the flame. This green color, 
when present, will be found at the area closest to the burning 
plastic and will be readily discernible. In all the burning tests 
a strip or small rod, if practicable, should be touched to the 
side of a small flame. If it takes fire readily, it should be 
removed from the flame at once; if it melts and draws away 
from the flame, it should be moved so that it is kept in the 
flame until it takes fire, but not for more than 10 seconds. 
When the flame of the plastic is to be examined after removal 
from the Bunsen flame, this should be done immediately fol
lowing the removal, disregarding any burning characteristics 
occurring after the first 2 seconds.

To determine the odor of vapors produced, the flame should 
be blown out immediately upon removal from the Bunsen 
flame and the rising vapors should be smelled cautiously. No 
valid conclusions can be reached from smelling the plastic 
while it burns, and too much vapor will produce a deadening 
effect upon the olfactory organs.

In all cases it is advisable to have specimens of the various
plastics in the laboratory, for comparison of the tentatively
identified unknown material with a known specimen. The 
ideal forms in which plastics are to be examined are sheets and 
rods.

Nomenclature

U r e a  f o r m a ld e h y d e ,  the thermosetting polymer produced by 
the condensation of urea and formaldehyde, is usually glassy and 
infusible. Heating causes the resin to blacken and it ignites only 
with extreme difficulty.

" H H

Structural unit: ^  9 ^

O

Represented by Beetleware and Plaskon

M e l a m in e  F o r m a l d e h y d e , similar to urea formaldehyde in 
properties and appearance, is formed by the condensation of mel
amine and formaldehyde.

Structural unit:

H
H

N—C—N—CHo-
S  %.

■N—C Nw
n h 2

Represented by Melamac and Plaskon
P h e n o l  F o r m a l d e h y d e , the thermosetting resin formed by 

the condensation of phenol and formaldehyde, is one of the most 
widely used of all plastics. The original work of Baekeland (1) 
describes the variation of the properties of the polymer with 
methods of preparation and processing.

Structural unit:
OH

—CHa<̂

Represented by Durite and Bakelite
P l io f il m , a thermoplastic resin produced by the addition of hy

drogen chloride to the unsaturated linkage present in rubber. 
It is widely used in sheet form as a protective covering for 
various articles.

N e o p r e n e , a rubberlike synthetic material produced by poly
merization of the addition product of vinyl acetylene and hydro
gen chloride. It  has properties remarkably superior to those of 
the natural product it can replace, rubber.

Structural unit:
-CH2—C=CH—c h2—■

V in y l  C h l o r id e  D e r iv a t iv e s , thermoplastic resins produced 
by polymerization of vinyl chloride with itself or with other 
compounds such as vinyl acetate. The products are elastic and 
may be transparent. Many of the plastic suspenders and wrist- 
watch bands are made of this material.

Represented by Vinylite V and Koroseal 
C a s e in . These are infusible resins produced by the proces

sing and molding of milk protein. The products are usually 
opaque, but may clear if the casein is hydrolyzed first. The ma
terial is very tough.

C e l l u l o s e  A c e t a t e , a thermoplastic product produced by the 
reaction between acetic anhydride and cellulose, is an ester of the 
alcohol cellulose. Safety film is prepared from this material. 

Represented by Lumarith, Tenite I, and Fibestos 
C e l l u l o s e  N it r a t e , the resin produced by the nitration of 

cellulose with mixed sulfuric and nitric acids. When plasticized 
with camphor it is known as celluloid. It  is a highly flammable 
material which is finding less and less use with the development 
of newer plastics because of this hazard.

Represented by Celluloid and Hycoloid 
M e t h a c r y l a t e  R e s in s , thermoplastic products formed by 

polymerization of one or more compounds of the type a-methyl 
methacrylate, methyl acrylate, ethyl methacrylate, etc. The 
product is readily prepared clear and colorless. The aviation in
dustry is becoming one of the chief users of this resin. A  dis
advantage of the material is its comparatively low resistance to 
abrasive materials.

Represented by Plexiglas and Lucite
P o l y v in y l  F o r m a l , A c e t a l , a n d  B u t y r a l , thermoplastic 

resins produced by the condensation of polyvinyl alcohol with 
formaldehyde, acetaldehyde, and butyraldehyde, respectively. 
They are not very frequently encountered in consumer goods, but
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show definite promise of much wider application than they enjoy 
at present.

Represented by Formvar, Alvar, and Butvar
N y l o n , the condensation polymer formed by the interaction 

of adipic acid and hexamethylenediamine. It is thermoplastic 
and has exceptional tensile strength. Nylon stockings, bristles, 
and tennis racket strings on the maYket illustrate the versatility 
of this product. Parachute manufacture consumes most of our 
present output.

Structural unit:
— C— (C H iJ i— C — (C H j) i— NH- 

. i  i

C e l l u l o s e  A c e t o b u t y r a t e , a thermoplastic resin produced 
by reacting cellulose with acetic butyric anhydride, CjHjCO—
O—OCCII3. It may be prepared in transparent sheets or in 
heavy opaque form. Like cellulose acetate, this product is an 
ester of cellulose.

Represented by Tenite I I
P o l y s t y r e n e , a thermoplastic material produced by poly

merization of the aromatic hydrocarbon, styrene. It is therefore 
highly resistant to attack by inorganic acids and alkalies. It is 
very widely used.

Structural unit:

' II
—C—CH2-

Represcnted by Styron, Lustron, and Loalin
E t h y l  C e l l u l o s e , an ether formed by the intermolecular de

hydration of cellulose and ethyl alcohol. It is very similar in 
appearance and properties to the ester cellulose acetate.

Represented by Ethocel
C e l l u l o s e , the common transparent material widely used for 

wrapping packages. Strictly speaking it is not a synthetic resin, 
but merely reprecipitated cellulose. It is included, however, be
cause of its close resemblance to other materials used for similar 
purposes.

Represented by Cellophane
V in y l id e n e  C h l o r id e  R e s in s , the newly developed very re

sistant resins produced by the polymerization of vinylidene 
chloride, unsymmetrical dichloroethylene. It is produced in fila
ment and sheet as well as tube form.

Structural unit: [—CCI2—CH2—]
Represented by Saran and Velon

Procedure

The plastic, in strip or rod form, if possible, is held at one 
side of a Bunsen flame until it takes fire, but not for more than
10 seconds. The following scheme is then consulted:

I. TheNo flame is produced. The article retains its shape, 
odor of formaldehyde is present in all cases.
A. No other odor: urea formaldehyde
B. Strong fishlike odor: melamine formaldehyde
C. Phenolic odor: phenol formaldehyde

II. The burning plastic extinguishes itself on removal from 
the Bunsen flame. Specimen held just to edge of flame.
A. A green zone is produced.

1. Odor of burnt rubber
a. Green area pronounced: pliofilm
b. Green area small and overshadowed by yellow: 

neoprene
Odor acrid but not that of burnt rubber: vinyl
chloride derivative
Odor sweet, heavy black ash: vinylidene chloride 
resins

B. Odor of burnt milk protein: casein
C. Sparks from flame of burning plastic and acetic odor: 

cellulose acetate
II I .  The plastic continues to burn after removal from the Bunsen 

flame. Flame examined for color during the first second of 
burning.
A. Burning very rapid and intense white flame

1. Odor of camphor: celluloid
2. No camphor odor: cellulose nitrate

2.

3.

B. Flame predominantly blue, may have a small white tip
1. Very strong sweet floral fruity odor: -methacrylate
2. Odor reminiscent of burning vegetation or fresh 

celery. Flame is almost entirely blue. The resin 
is soluble in aqueous 60 per cent (by volume) hydro-
chloric acid (S) : nylon 

y slifi' "Weak very slightly sweet odor: polyvinyl formal 
4. Odor of rancid butter or cheese

а. Sparks produced from flame of burning plastic:
cellulose acetobutyrate

б. No sparks, burning smooth and steady: poly
vinyl butyral

C. Flame surrounded by bright green mantle, odor of burnt
rubber: pliofilm

D. Flame surrounded by a purple mantle, sparks and an
acetic odor: polyvinyl acetal

E. Flame yellow-white and luminous
1. Odor of butyric acid: cellulose acetobutyrate
2. Odor of burnt milk protein: casein
3. Sweet floral odor (marigold), flame smoky: poly

styrene
4. Weak very slightly sweet odor: polyvinyl formal
5. Odor of burnt paper: cellulose
6. Odor of burnt rubber, flame weak, small green mantle 

overshadowed by yellow. White flashes may appear 
in the flame: neoprene

F. Flame surrounded by yellow-green mantle
1. Burns with difficulty and sparks, producing an 

acetic odor. The melted burning plastic, when al
lowed to drip into water, produces heavy black-brown 
foamy granules or flakes: cellulose acetate

2. Burns readily, once started, producing a slight sweet 
odor. The melted burning plastic, when allowed to 
drip into water, produces flat disks which are light 
tan when the plastic is clear, or not very different in 
color from the original plastic when the plastic is 
colored: ethyl cellulose

The same resin may occupy more than one position in the 
scheme. This is to take into account any possible misinter
pretations of the characteristics described.

Sum mary

A  schematic procedure for identification of the commercial 
plastic types includes the plastics which the average chemist 
may encounter in his testing experiences. Seventeen families 
of plastics are discussed briefly, representing about one hun
dred plastics which are marketed under different commercial 
names.
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A Versatile Continuous Reading Thermionic 
V oltmeter

L. J . A N D E RSO N 1 W IT H  J .  C. H IN D M A N  

Scripps In s t itu t io n  o f Oceanography, University o f C a lifo rn ia , La Jo lla , Ca lif.

THERMIONIC instruments for potential measurement 
can be roughly divided into two classes: vacuum tube volt
meters for voltage measurements in low-resistance circuits and 
electrometers for voltage measurements in high-resistance cir

cuits. Few attempts have been made to combine into one 
instrument those characteristics necessary for high-resistance 
work with desirable features usually found only in vacuum 
tube voltmeters. The increasing use of the glass electrode and 
the phototube have put a premium on the development of 
such universal instruments.

A satisfactory laboratory voltmeter for all-purpose work 
should be designed with the following characteristics in mind:

Necessary

Low grid current
Stability
High sensitivity

Desirable

Continuous reading 
Simplicity of operation 
W ide operating range 
Low drift rate

Variable sensitivity 
Circuit simplicity 
Low cost of construction 
Portability

All these characteristics are not entirely compatible. The 
great majority of potential measuring circuits having the 
“necessary” characteristics have been designed around 
special electrometer tubes of relatively high cost or are cir
cuits suitable only for use as null-point indicators {4, 6,8,11, 
IS, 14, IB, 18, 22, 28, 29). None of these instruments has 
enough of those characteristics listed as 
desirable to make it suitable for general 
laboratory use.

For potentiometric titration work an 
instrument that continuously indicates the 
potential is most desirable, since it allows 
the course of the equilibrium to be followed 
at all times. While several continuous-read- 
ing titrimeters have been described {10, 12,
25, 82, 83), few continuous-reading volt
meters suitable for high-resistance work are 
to be found in the literature {16, 24, 81).
Of the circuits published, that of Penther,
Rolfson, and Lykken {24) is the most 
promising for work in high-resistance sys
tems. The principal limitation of their in
strument is that it has a range of linear 
response of only 0.110 volt. Further voltage 
changes must be compensated for with a 
step-potentiometer. In titrations of a routine 
nature where speed is important, it would be 
more advantageous to have an instrument 
with a wider voltage range requiring no ad
justment during the course of the titration.

The circuit described below was developed 
in an attempt to combine in one instrument 
as many of the listed features as possible.

ordinary pentagrid converter, type 1A7GT, which has the neces
sary characteristics for an electrometer tube. The 1A7GT is 
particularly useful, since it also has a low filament current, with 
resulting low heat emission and battery drain.

In the circuit of Garman and Droz the plate and anode grid 
of the pentagrid converter are connected as a conventional 
Wheatstone bridge. The voltage to be measured is impressed 
between the control grid and filament and results in a simultane
ous increase in plate current and an equal decrease in anode grid 
current or vice versa. This results in doubly unbalancing the 
bridge. In their original circuit Garman and Droz connect a 
sensitive current meter across the bridge to indicate the degree of 
unbalance. A high-resistance meter would be desirable, to build 
up a maximal potential difference across the bridge, but a low- 
resistance meter would give a greater deflection for a given volt
age difference.

Experiment showed that, in the voltmeter described, increas
ing the meter resistance about 90 times decreased the sensi
tivity only threefold, indicating that the high resistance al
lowed 30 times as high a voltage to be developed across the 
bridge as the low resistance. The ideal meter, then, should 
have a very high resistance as well as a high sensitivity.

The ideal meter characteristics are approached by connecting 
across the bridge of the Garman-Droz circuit an ordinary vacuum 
tube voltmeter (Figure 1). The second stage is, in effect, a volt-
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Ci.
M.

Ri.
Rt.
Ri.
R«.

Circuit Synthesis

Recently Garman and Droz {10) designed a 
simple vacuum tube voltmeter employing the 
bridge-type circuit usually found in stable elec
trometers. The tube used in their circuit is an

1 Present address, U. S. Navj- Radio and Sound 

Laboratory, San Diego, Calif.

Tested condenser, capacity 0.02 mfd.
0-500 (120-ohm internal resistance) or 0-100 (900-ohm internal resistance) Triplett 

microammeter
10.000-ohm uniform volume control 
5000-ohm uniform volume control
10.000-ohm uniform volume control
2000-ohm uniform volume control (for use with 0-500 microammeter) with switclv 

cover plate for Si 
Rt. 5000-ohm 0.5-watt
Rt. 5000-ohm tapered volume control with switch cover plate for Si and 5:
Ri. 30-ohm 0.5-watt
Rt. 2000-ohm 0.5 watt
Si, Si. Double-pole single-throw switch
S3. Single-pole single-throw switch

Special high-resistance SP3 position switch with off position in  center 
S r3 position switch with off position in  center 
2 1.5-volt flashlight cells 
1.5-volt filament battery 
45-volt plate battery 
2 1.5-volt filament batteries 
2 45-volt plate batteries

St.
Ss.
Vu
V,.
Vz.
Vu
Vi.
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ANODE GRID 
RESISTANCE 
° 2000 OHMS 
0 3000 OHMS

100 200 300 
MICROAMPERES PER 100 MILLIVOLTS
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meter having a resistance of several megohms but with a sensi
tivity of about 850 microamperes per volt. The 1E4G tube was 
chosen for this stage because it has advantages over other voltage 
amplifiers in possessing a low filament current, high transcon
ductance, zero grid bias, and the high stability inherent in triodes.

To this basic circuit were added several other features for in
creasing the versatility of the instrument. One of these is the 
potentiometer circuit, Rv-V\, in the EM  F input lead to the fila
ment of the electrometer tube.

The bridge resistances, R% and Re, are separate variable resist
ances to permit varying the instrument sensitivity as desired 
(see Figure 2). The top view of the instrument (Figure 3) shows 
the relative positions of Rt and Rz. For operation at a given 
maximum sensitivity, either the plate resistance, Rs, or the anode 
grid resistance, Ri, may be fixed. Sb and Rs are included in order 
that the microammeter may be used for balancing the bridge.

Stadie, O'Brien, and Laug (SO) point out the desirability of 
increasing the capacity of the control grid by connecting to it a 
suitable grounded condenser, Ct. This increased capacity serves 
to protect the grid potential from momentary changes due to the 
opening of switch Si. In order to prevent leakage currents, this 
condenser must have a resistance at least as 
high as the internal resistance of the control 
grid. To reduce leakage further it is necessary 
to construct Si and the injjut jack in the grid lead 
with a high degree of insulation from ground.
Many suitable switch designs have been published 
(6,13, 28, 30). The authors have found that glass 
tubing makes satisfactory stand-off insulators 
for this purpose. These can be fastened to the 
chassis by means of a short bolt and de Khotinsky 
cement. The jack in the grid circuit was designed 
to take the Beckman glass electrode fittings.
The electrometer tube is shielded by means of a 
glass cylinder fitted over the tube base and 
covered with a metal cap connected to ground.
The shielded lead to the grid of the electrometer 
tube passes through this metal cap (Figure 3).
The surface of the 1A7GT and the glass cylinder 
are covered with paraffin to prevent leakage of 
surface currents. The control grid lead is the only 
part of the circuit where extraordinary care with 
regard to insulation need be taken.

In the second stage there are two necessary 
controls. One of these, Rt, varies the over-all 
sensitivity by shunting the microammeter.
A value of equal to about 15 times the meter 
resistance gives a good spread of the sensitivity 
control with only 6 per cent reduction in

maximum sensitivity due to shunting. This reduction can also 
be eliminated if contact is broken at the extreme end of the shunt. 
Coating the end of the contact surface with an insulating 
material is a convenient way to do this. The other control, 
Tie, is in the widely used D-battery circuit (9, 26), which iis 
composed of Rs and Re and the 6-volt filament battery. For 
a given setting of Re a fixed amount of plate current is by
passed around the meter, thus allowing the use of a more sensi
tive meter. The resistance of both Rs and R6 should be kept high 
to reduce battery drain and to increase the by-passing range. 
Under these conditions, a small rotation of causes a large 
change in the amount of current by-passed. For ease of control 
a vernier is desirable. An ordinary planetary control with a 5 to 1 
ratio has been found satisfactory. The combination of the fila
ment and D-batteries is a commonly used method of stabilizing 
the circuit against changes in battery voltages (,16, 19, 25, 31).

The entire instrument with all batteries is enclosed in a 7 X 
8 X 1 0  inch metal cabinet. Figures 3 and 4 show' the panel layout 
and some details of the internal arrangement.

Operation and Adjustment
The preliminary steps in the operation of the instrument are:

(1) is opened (position 2, Figure 1); (2) Si and Si are closed by 
rotating Re and the rotation is continued to about the center of 
the range; (3) St is closed by rotating /?<.

In the preliminary adjustment of the instrument it is necessary 
at this point to balance the bridge by varying R2 or Ra. At least 
an hour should be allowed for the electrometer tube to reach 
equilibrium before this adjustment is made. Switch St is opened 
and then the microammeter in the second stage is temporarily 
connected across the bridge by closing St. The plate resistance, 
Rs, is fixed at a convenient value and the anode grid resistance, 
Rt, is adjusted until the current through the meter is zero. This 
adjustment need only be checked occasionally after the tube has 
sufficiently aged. When the adjustment has been made the 
meter is again switched back into the second stage.

Finally, the free-grid potential is located as follows: (1) With 
the sensitivity considerably reduced, Si is connected to the in
ternal biasing battery (position 1, Figure 1). (2) The bias is
adjusted by rotating R, until the meter gives the same reading as 
with the grid floating. The sensitivity is now increased and R, 
further adjusted until no drift or deflection occurs in the meter on 
opening and closing St to the internal bias. The needle is always 
kepton the scale by means of Re.

With these preliminary adjustments completed, the instrument 
is ready for use. The subsequent procedure depends on the type 
of measurement to be made.

For potentiometric titrations with low-resistance electrodes 
the connection of the electrodes is immaterial. The initial elec
trode potential is set to the free grid with the biasing control. 
The needle is set either to the upper or lower end of the meter 
scale with the D-battery control, depending upon the direction 
of voltage change expected during the titration. The circuit is so 
connected that the microammeter needle is deflected downscale 
as the control grid becomes more negative.

When high-resistance electrodes such as the glass electrode are 
used, they are always connected to the grid lead, since one side

F ig u r e  3. T o p  V i e w  o f  V o l t m e t e r , S h o w in g  T u b e  C o m p a r t m e n t
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of any high-resistance circuit must be highly shielded and common 
practice is to shield the glass electrode lead. The starting posi
tion of the titration will then depend on whether this electrode is 
to become more positive or more negative. In order to keep the 
grid current low it is desirable to keep the grid potential within a 
certain range relative to free grid, determined by the grid current 
characteristics of the particular tube used. To stay within this 
range during a titration, the needle is reset with the bias .control 
as it approaches the end of the meter scale. This allows the use 
of maximum sensitivity, if desired, over a voltage range more 
than equivalent to 14 pH units.

If it is desired to use the instrument as a null-point indicator, 
it is necessary simply to adjust the grid potential with the biasing 
control to the free grid potential for zero input voltage and to 
balance out the electrode potential with a precision potenti
ometer inserted in the low-resistance lead.

Operating Characteristics

The grid current of the electrometer tube must be kept low 
for two reasons: to ensure an accurate voltage response and 
to prevent appreciable polarization in the electrode system 
(2). The first of these is important only in measuring circuits 
employing high-resistance electrodes. For a given accuracy 
of voltage measurment the grid current becomes the factor 
which limits the resistance of the electrodes that can be used.

The prevention of polarization is important for all electrode 
systems. According to Müller (20) the limiting current de
pends upon the type of cell and the time of current flow. In 
glass electrode systems, Morton (19) has said that currents of 
10~10 to 10-9 ampere do not cause appreciable polarization. 
Robertson (27) found in working with electrodes of 2- to 3- 
megohm resistance that more than 6 X 10~9 ampere was re
quired to give measurable polarization in one minute. As 
Figure 5 shows, grid currents of 10 ~10 ampere are never 
reached in the voltage range recommended for the operation of 
this instrument. As an additional check with the present 
instrument the following experiment was performed:

With a potentiometer connected in the EMF circuit, the poten
tial of a glass electrode (300-megohm resistance)~calomel cell in a 
buffer solution was determined. The potential was then adjusted 
to —0.2 volt with respect to free grid. The potential of the cell 
as indicated by the meter reading showed no change in 30 min
utes when corrected for the instrument drift. The electrodes were 
then disconnected for 5 minutes. When reconnected, they gave

the same potential as originally measured by null-point determi
nation. The current flowing through the cell was about 3 X 10-u 
ampere. Subsequent work with the same glass electrode has 
shown that no measurable polarization occurs when titrations 
requiring several hours for completion are carried out by the 
recommended procedure.

The advantages of working at the free grid potential have 
been thoroughly discussed by Nottingham (21) and Ras
mussen (26). According to these authors, the gird current at 
the free grid is theoretically zero. On the positive side of the 
free grid, the current increases sharply, owing to an electron 
flow' to the grid. On the negative side of the free grid, the 
current flow is in the opposite direction. According to Met
calf and Thompson (17), the principal causes of this “posi
tive” current are: (1) ionization of residual gas, (2) positive 
ions emitted by the filament, (3) thermionic grid emission due 
to heating of the grid by the filament power, (4) photoelectric 
grid emission due to both visible light from the filament and 
x-rays produced by the anode current, and (5) insulation leak
ages.

By the use of a high order of insulation in the grid lead 
(special input jack and leads, highly insulated switch Sj, 
tested condenser, paraffined tube surface, and desiccant) 
leakage currents have been minimized. The presence of one 
negatively charged grid and two positively charged ones be
tween the filament and control grid will aid in screening the 
latter against positive ions emitted by the filament. The ex
tremely low filament power of the 1A7G tube (0.08 watt as 
compared with the 0.2 to 0.5 watt given as average for elec
trometer tubes, 8) should, make the thermionic and photoelec
tric grid emissions small for this tube. Attempts to lower 
the plate and anode grid voltages and thus reduce gas ioniza
tion and x-ray emission resulted in drastic loss of sensitivity. 
Sacrifice of sensitivity was not deemed advisable, since the 
grid current was already low enough for most measurements.

Figure 5 shows the grid current characteristics for three 
1A7GT tubes, all of which were considered satisfactory for use 
in the voltmeter. Out of a total of eight 1A7GT tubes tested, 
six Sylvania and two Ken-Rad, only three tubes were found to 
be suitable for use; two of these were Sylvanias and one was a 
Ken-Rad. The other tubes in general had a very high 
dlg/dE, so that high currents were found very near the free 
grid potential. Because of this variability in tubes it is neces
sary to make selection of the tubes with the instrument itself. 
The disadvantage of having to select the tubes is one com
monly encountered in tubes not specially designed for use in 
electrometers. Satisfactory tubes are selected by measuring 
the current at the free grid potential and at suitable voltage 
intervals on either side of the potential by observing the meter 
deflection with and without a 5000-ijiegohm resistance in the 
grid circuit. From the voltage sensitivity and the deflection 
difference the current is computed by Ohm’s law.

The grid current characteristics of these tubes appear to be 
a function of the bridge balance. Tubes which balance at 
approximately equal plate and anode grid resistances have 
high grid currents, whereas tubes having a high plate resist
ance (low plate current) have a much lower grid current. 
This current would therefore appear to be intimately related 
to the amount of plate current, a not unexpected result, when 
we consider the sources of grid currents discussed above. 
Unfortunately, the conditions for the highest sensitivity cor
respond to those where the highest grid currents are found. 
The free grid current for the tubes found to be suitable was 
less than 3 X 10-13 ampere within the limit to which the free 
grid potential could be located by the procedure described. 
With the unsatisfactory tubes it was not possible to approach 
the free grid potential close enough to secure as low a current. 
The grid currents found make the instrument unsuitable for 
use with circuits having a higher resistance than 30 megohms
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if an accurate voltage response of 1 millivolt is desired over the 
operating range indicated or with a higher resistance than 300 
megohms if an accuracy of 0.1 millivolt is desired for null- 
point measurement. This would obviate its use in mass 
spectrometers or phototube outfits where the resistance is 
105 to 10!0 ohms. However, excellent glass electrodes rang
ing in resistance from 2 to 30 megohms may be purchased 
commercially or constructed by the experimenter (5, 27).

The foregoing remarks apply to the instrument as con
structed. Figure 2 shows that increasing the bridge resistance 
causes a proportional increase in sensitivity and decrease in 
range of linear response. When used as a null-point indicator 
or a short-range voltage indicator in connection with a po
tentiometer this would be no disadvantage.

The choice of meter used with the instrument would depend 
on the use for which it is intended. For null-point detection 
a 0-50 microammeter or galvanometer could be used. As a 
titrimeter a 0-500 microammeter is satisfactory. Both a
0-100 and a 0-500 microammeter have been used in the pres
ent instrument with excellent results. Random fluctuations 
in the meter readings have not been observed. When dry cells 
are used for the filament supply there is a drift which decreases 
to less than 1 microampere per minute after the instrument 
has been turned on for about 2 hours. The authors recom
mend the use of storage cells for the filament supplies where 
practicable, as the meter drift is reduced tenfold by this prac
tice. In all the measurements reported in this paper storage 
batteries were used. Many experimenters have been success
ful in minimizing drift by various methods of internal com
pensation (1, 3, 7, 23). However, rate of drift of the present 
instrument remains relatively unchanged in spite of attempts 
of the authors to make use of such compensation methods.

An attempt also was made to construct a simple alternating 
current power supply to replace the batteries and thus elim
inate the drift effects. When voltage regulator tubes of the
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glow-discharge type were used, it was found, however, tha^ 

the power delivered could not be controlled w ithin the ex

tremely small limits necessary for complete stability. More 

complicated regulating circuits, such as those of Working 

(34), would probably be satisfactory if they could deliver 

sufficient current.

Summary

This article describes a thermionic voltmeter suitable for a 

wide range of laboratory measurements in both high- and 

low-resistance circuits.

A description of the circuit, its characteristics, and opera

tion is given and the following uses are indicated: (1) as a 

direct, continuous-reading titrimeter for glass electrode sys

tems, (2) as a direct continuous-reading titrimeter for low- 

resistance electrodes, and (3) as a null-point indicator in con

nection with a potentiometer. The instrument has proved 

very satisfactory in actual operation over a period of several 

months in each of these applications. Further applications 

such as the measurement of photocell currents, etc., in  cir

cuits of moderately high resistance are indicated.

The total cost of the materials used in the instrument less 

batteries was about $25. The particular batteries used cost 

S5. The low current drain ensures long life for these batteries.
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Simple Automatic and Recording Balance
N. W. MULLER AND R. E. PECK, Illinois Institute of Technology, Chicago, 111.

The paper describes the design, construc

tion , and operating characteristics of a 

simple, rugged, autom atic recording bal

ance, which may be constructed in  the av

erage laboratory workshop. The instru

m ent is suitable for most of the chemical 

engineering laboratory operations where a 

continuous record of sample weight is de

sired over long periods.

THE authors were faced with the problem of continuously 
weighing a sample of approximately 1 kg. during a drying 
test covering one day or more. The reduction in sample 
weight in most cases was about 0.5 kg. This indicated that a 

sensitivity of 0.1 gram would be sufficient and would lead to 
results accurate to 0.5 per cent with the sample weight vary
ing as little as 20 grams.

Numerous balances are described in the literature (1-5). 
These are rather complex and expensive, but are reported to 
be extremely precise over a narrow range of weight. The 
range may be extended by the addition of counterweights 
but for the purpose in mind this would result in constant 
attendance. For the most part, the instruments described 
are not easily built in the average laboratory workshop by 
the student or mechanic available. It was therefore decided 
to design and construct an instrument which would be rugged, 
cover a wide range of weight (1 kg.), and still have a sensi
tivity of 0.1 gram.

In view of the desired sensitivity, compensating devices 
such as those employed by Muller and Garman (S) and Ewald 
(2) were dispensed with and the balance was greatly simpli
fied. The instrument maintains the balance arm at equilib

rium by reeling in or playing out sufficient chain to counteract 
changes in sample weight. The chain mechanism is actu
ated by an energized pointer which is located above the knife 
edges on the balance beam. The pointer makes contact with 
either of two adjustable plates set 0.5 cm. apart, which in 
turn are connected to relays operating the clockwise and coun
terclockwise circuits of a small motor. The recording mech
anism is integral with the chain reel and a moving pen follows 
changes in weight continuously.

Balance and Recorder

The balance is mounted in the wall of the dryer and the com
pensating and recording mechanism is placed in such a position 
that the chain describes a smooth catenary curve between the 
end of the balancc arm and the chain reel. Figure 1 illustrates 
the assembled apparatus. The sample is suspended from the end 
of the balance arm inside the dryer, the chain being attached to 
the other end of the arm outside the dryer. The balance arm is 
maintained at equilibrium by the addition to, or removal of, 
the chain from a reel operated by a small (1.5 kg.-cm., or 20 
ounce-inch) reversible, 110-volt, alternating current motor of 
the shaded pole type.

The actuating circuit diagram is shown in Figure 2. The bal
ance arm pointer is energized by connecting one pole of a 45-volt, 
dry cell battery to the top of one of the steel knife edges by a 
fine copper wire. A condenser is placed in parallel with the 
pointer to reduce sparking at the contacts. A slight change in 
weight causes the pointer to touch one of the contact plates 
which operates the relays energizing the clockwise or counter
clockwise circuits of the motor. The contact plates are insulated 
from the supporting frame by thin sheets of Bakelite paper.

The motor is coupled to the shaft through a gear train which 
reduces the motor speed from 3600 to 1 r. p. m. at the shaft. 
Friction is reduced by mounting the shaft on ball bearings set in 
Bakelite supports. The recording drum and chain reel are 
mounted on the shaft by suitable setscrews and can be removed 
and changed with ease. This affords a wide variety of chain 
speeds and chart sizes.

The recording pen is drawn across the drum at a uniform rate 
by a silk thread which passes over a pulley attached to the hour

F ig u r e  1. A s s e m b l e d  A p p a r a t u s
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beam, and the compensator is adding or re
moving sufficient chain to keep up with 
changes in sample weight.

The size of chain and drum is chosen so 
that each gram of sample weight corresponds 
in magnitude to a large scale division on the 
recording paper. The recording pen is moved 
across the paper at a rate which permits each 
large scale division of the paper to represent 
15 minutes. This makes it easy to convert 
the indicated readings to terms of time and 
weight. By marking the position of the chain 
at a known weight, and setting the chain in 
the same position at the start of all weighings, 
the scale divisions of the resultant graph are 
made to take on absolute values.

C ir c u it  D ia g r a m  o p  C o m p e n s a t o r  The balance was calibrated against a
standard set of analytical weights. The cali
bration curve of scale divisions against 

weight in grams is found to be a straight-line relationship 
over the desired range (Figure 3), provided that there are 
3 or more feet of free chain hanging between the reel and 
balance arm. A plot of weight in grams against time indi
cates the desired sensitivity (Figure 4). The curves indicate 
that changes in weight of less than 0.1 gram are recorded by 
the instrument, but these were found to be unreliable, in that 
subsequent addition and removal of less than 0.1 gram did 
not result in uniform readings in all cases. With a chain

hand of an ordinary alarm clock. In  order that the thread may 
be maintained in tension at all times, it is connected to the pen 
carriage by means of a small spring.

Inaccuracies in winding a chain of large size on the reel are 
removed by attaching a short length of silk thread to the end of 
chain and winding only the thread. This ensures uniform re
moval of the chain weight from the balance arm as the drum 
rotates.

T/'/ne /n ASi/?c//as

F ig u r e  4 . C h a n g e  in  W e ig h t  P l o t t e d  

a g a in s t  T im e  R e q u ir e d  t o  R e a c h  E q u i 

l ib r iu m

Operational Characteristics

The precision attained by the instrument depends upon the 
choice of chain, size of recording drum, efficiency of the con
tact system, and sensitivity of the balance itself. A large 
drum and a small chain cause slight changes in weight to be
come appreciable in terms of the weight-time curve produced 
by the moving pen. The sensitivity is then dependent upon 
the efficiency of the activating contacts and the balance arm 
itself. It  has been found unnecessary in this case to attain a 
sensitivity of better than 0.1 gram over a range of 1 kg. 
These limits were found to be within the over-all sensitivity 
range of the contact system and balance arm. The range of 
weight possible is limited to the available headroom for a 
chain of any particular size.

Hunting is reduced almost to the point of imperceptibility 
by proper setting of the screw adjustment of the variable con
tact plates. A slight amount of hunting is desirable, for it 
indicates that the weighing is not being made on a static

S e a  le. D i v i s i o n s  X ioo
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Table I. Cost of Construction and Material Specifica
tions

1 A. C., 20 ounce-inch, reversible motor complete with reduction
gears. Utah Radio Products Corp., Chicago, 111., or equal $ 3.50

2 20 ampere relays, open type. Allied Radio Corp., Chicago, III.
Cat. No. 107, p. 150, No. 75-600 type, PRA-1 SPST, or equal 4.50

1 2 X  0.25 inch recording pen. Leeds & Northrup. Micromax
recording pen or equal 2.00

2 0.5 X  0.5 X  1.5 inch ball bearings. Boston Gear Works, Bos
ton, Mass., or equal 0.75

1 0.5 X  3 inch m ild steel rod, round, hot rolled 0.35
1 3 X  24 inch brass tube, seamless. Crane Co., Chicago, 111. 1.50
2 5-inch gear blanks, alum inum (salvage from miscellaneous shop

junk) 1.60
1 1 X 6 X 1 2  inch Bakelite board. Allied Radio Corp., Chicago,

111., or equal 0.75
4 Assorted chains 10 feet each in weights of approximately 50,100,

200, and 500 grams per foot _ 0.81
1 Burgess 45-volt, dry cell battery with plug. Allied Radio Corp.,

Chicago, 111., or equal 1.98
Miscellaneous wire, screws, etc. 0.50

$18.24

weighing 200 grams per foot and a chain reel 1.9 cm. (0.75 
inch) in diameter, the mechanism is sensitive to 0.1 gram 
over a range of 1100 grams.

Large ranges of weighings will cause the drum to make more 
than one revolution during the experiment. This is often the 
case when a light-weight chain is used. The record can either 
be cut into sections and glued together to give one long, con
tinuous curve, or the points of the record may be transcribed 
on standard 20 X 27.5 cm. (8 X 11 inch) graph paper. Fig
ure 5 illustrates some typical curves transcribed in the 
second manner.

Results

The instrument has been used successfully in an investiga
tion of the drying characteristics of various slow-drying ma

terials. It was found to be sensitive to 0.1 gram over a range 
of approximately 1 kg. when using a compensating chain 
weighing 200 grams per 30 cm. (1 foot). The accuracy of the 
instrument can be improved by employing a chain of lighter 
weight and a larger chain reel, but this was not necessary. 
Nonuniformities in the lighter chains necessitated the use of 
a carefully made calibration curve for correcting the recorded 
weights. The exact starting position of the chain must be 
carefully set before any accurate weighings can be made with 
the chain weighing 50 grains per foot. This is a troublesome 
procedure and leads to many errors. The authors, therefore, 
do not recommend using a chain weighing less than 100 grams 
per foot. Chains of this kind always produced fairly uniform 
calibration curves.

Cost of Balance

The cost of the balance and accessories is small, and the 
largest item in the construction cost is the one of labor. The' 
materials can be purchased from standard dealers. The en
tire unit cost was $70.00, of which labor is approximately 
70 per cent (Table I).
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The Dip Coater
An Instrum ent for M aking U niform  Film s by the D ip M ethod

H E N R Y  F LE M IN G  PAYNE, American Cyanam id Com pany, S tam ford, Conn.

IT HAS long been recognized that uniformity in thickness 
of a film of surface coating is one of the essential requisites 

for accurate evaluation of the film properties. The ability to 
reproduce uniform films of any thickness in the normal thick

ness range is also desirable. It has been shown ((?) that mechan
ical methods are necessary for this, because uniform films 
cannot be reproduced consistently by hand operation of any 
of the regular application methods.

Arlt (1) describes an automatic spraying apparatus and 
Dunn and Baier (8) describe the automatic doctor blade. 
The spinning disk method was used by Haslam (5), Sander
son (7), and Scofield (<?). Dipping machines have been de
veloped by Bruins (#) and the New York Paint and Varnish 
Production Club (6). A general survey of the various meth
ods is given by Gardner (4).

The object of the present work was to develop a simple but 
reliable dipping method which could be produced commer
cially and, therefore, made available to the surface coating 
industry as a standard method. Several types of apparatus 
were investigated to eliminate, if possible, the use'of a motor.

Apparatus

The rate of fall of an object in media of different viscosities 
will vary with viscosity, and this may be used with suitable

attachments to withdraw a panel at the different rates from a 
container of surface coating. Considerable difficulty was en
countered in maintaining a uniform rate and reproducing re
sults because of the relatively slow motion which was required.

An apparatus was constructed in which the container of surface 
coating was supported on a plunger which could be raised and 
lowered in a cylinder in which liquids of different viscosities were 
put. A definite improvement in this apparatus was made by 
installing a by-pass tube from the bottom to the top of the cylin
der. The plunger had several holes in the disk, through which 
the liquid in the cylinder could flow freely when the plunger was 
raised, but the holes were automatically covered by a supple
mentary leather disk when the plunger began to lower. The rate 
of lowering of the plunger was then controlled by adjustment of 
a needle valve installed in the by-pass tube, controlling the rate 
of flow of the liquid from the bottom to the top of the cylinder. 
A low-viscosity liquid could then be used, such as kerosene, the 
viscosity of which is not affected seriously by normal changes 
in room temperature. At the low speeds required (2 to 4 inches 
per minute), considerable leakage developed between the leather 
and metal disks, so that a given speed could not be reproduced 
by a definite setting of the needle valve. This method would be 
satisfactory if metal check valves were used in the plunger disk, 
and the plunger and side walls of the cylinder machined with 
extreme accuracy.

An apparatus was then constructed similar to that shown in 
Figure 1, but using a clock motor. A set of Boston sprockets 
(Boston Gear Co.) was used to vary the speed with the standard 
chain drive. This type of motor has low power, but by hanging a
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SIDE VIEW
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drill for »moll 

colter pin

BRASS SHEAVE

counterweight on the opposite end of the chain from the panel, 
practically any size of panel or number of panels could be used. 
This apparatus gave excellent speed control and appeared to be 
entirely satisfactory, but on close examination of the coated 
panels, a horizontal striation was found in the coating. This 
was caused by a slight amount of lost motion in the gear reducer 
of the motor.' I t  was not due to the sprockets and chain, because 
when they were replaced with drum and fish line, the same 
striation was observed. Replacement of the clock motor with 
a Bodine KYC-22RC (Bodine Electric Co., Chicago, 111.) gave 
results which were entirely satisfactory. A set of drums was 
made to give withdrawal speeds of 2, 3, 4, 6, 8, and 12 inches per

N o t« :
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14 pitch 
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STANDARD LABORATORY 
RING STAND R00

COUNTER WEIGHT

tap for 1/4" thumb screw 
3/4” x I *  2 ' brass support 
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minute. A fish line was given two complete winds around the 
drum with a counterweight hung on one end and the panel on 
the other end, as shown in Figures 1 and 2. The details of con
struction of the apparatus are shown, but arrangements have been 
made with the Fisher Scientific Co. for the commercial production 
of a similar machine, so that it will be available to those not wish
ing to build it.

Coating Materials

A series of four standard white baking enamels (enamels 
1 to 4, inclusive) was made to determine the rate of with
drawal necessary for uniform thickness films and also the film 
thickness obtained with variation of viscosity of the coating 
material. The viscosity waa measured as seconds required 
to flow from a No. 4 Ford cup at 78° F. in the standard 
manner. The materials varied considerably in ability to 
flow, rate of setup, and composition; but the data showed

clearly that withdrawal rates of 2, 3, and 4 inches per minute 
gave films of uniform thickness, and the faster rates (6, 8, 
and 12 inches per minute) were unsatisfactory. Subsequent 
work was, therefore, confined to the slower rates, but in most 
cases a hand-dipped panel was included for comparison.

The olive drab lusterless finish and the two primers, A and 
B, were used to show the variation which may be expected 
from materials containing a higher ratio of pigment to vehicle 
solids than that in the enamels.

Clear coatings 1 and 2 are the same as the vehicles in en
amels 1 and 2 to illustrate the effect of pigmentation. Clears 
3 and 4 are typical varnishes for comparison with alkyds 1 
and 2 and nitrocellulose lacquer 5. Clears 1 to 5, inclusive, 
are air-drying coatings, but Nos. 6 and 7 are clear-baking: 
metal finishes, such as are used on shell cases, etc.
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LENGTH OF PANEL IN INCHES
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d r a w a l

F ig u r e  6. V a r ia t io n  o f  F i l m  T h ic k n e s s  o f  P r im e r s  

w it h  V is c o s it y  a n d  R a t e  o f  W it h d r a w a l

Pigment 
Vehicles 

Enamel 1 
Enamel 2 
Enamel 3 
Enamel 4

T a b le  I. C o a t i n g  C o m p o s it io n s

White Enamels 
T itanium dioxide 100%

Rezyl 412-1a 
Rezyl 330-5 
Rezyl 330-5, 65%
Rezyl 330-5, 80% ; Melmac 245-8, 20

Beetle, 227-8, 35% b 
% b

Pigment-vehicle solid ratio, 1:1 
Solvent

Enamel 1, mineral spirits 
Enamels 2, 3, and 4, xylene

Olive D rab Lusterless

Pigment
Ferrite lemon 
Medium chrome yellow 
Zinc oxide 
Raven black oxide 
Asbestine 3X  
Celite 349 
M ica 270 

Vehicle
Rezyl 7818-1,100%

Pigment-vehicle solid ratio, 4:1 
Solvent, mineral spirits

%  by Weight 
20 
10 
5 
5 

30 
25 
5

Primer A

Pigment
Titanium dioxide 
Zinc oxide 

Vehicle
Rezyl 412-1, 100%

50
50

Pigment-vehicle solid ratio, 1.6:1 
Solvent, mineral spirits

Primer B

Pigment 
Zinc yellow 
Brown oxide 
Zinc oxide 
Celite 110 
Asbestine 3X  
Barytes 

Vehicle
Rezyl 7818-1, 100%

Pigment-vehicle solid ratio, 2.7:1 
Solvent, mineral spirits

® Trade mark, American Cyanamid Co. 
b Trade mark, American Cyanam id <fc Chemical Corp.

7
50
3

10
20
10

D r y i n g  S c h e d u le s  f o r  C o a t in g s .  The films were dried under 
following conditions before making film thickness measurements:

Enamels 1 and 2 
Enamels 3 and 4 
Olive drab lusterless 
Primer A 
Primer B 
Clears 1 to 5 
Clears 6 and 7

Bake 60 minutes at 265° F.
Bake 30 minutes at 265° F.
Air-dry 48 hours
Bake 60 minutes at 325° F.
Air-dry 48 hours
Air-dry 48 hours
Bake 15 minutes at 350° F.

T a b le  II. C l e a r  F in is h e s

Drier as %  Metal 
to Total Solids Solvent

1 Rezyl 412-1 0.04 Co Mineral spirits
2 Rezyl 330-5 0.04 Co Xylene
3 12.5-gallon varnish 0.04 Co, 0.04 Zn Mineral spirits
4 35-gallon varnish 0.5 Pb, 0.1 Co Mineral spirits
5 Nitrocellulose lacquer ..................... ... Solvent 10
6 Beetle 227-8, 60%; Beetle 592-8,

40% .......................... Xylene
7 Beetle 227-8, 70%; Rezyl 330-5,

30% .......................... Xylene

Composition of Clears

1 Drying oil modified alkyd, 32% phthalic anhydride
2 Drying oil modified alkyd, 41% phthalic anhydride
3 Maleic resin, d iying oil varnisn 

100-lb. Teglac Z 152«
8.25-gal. oiticica oil (Cicoil)
4.25-gal. bodied linseed oil (KPO-Q)

4 Modified phenolic resin, drying oil varnish 
100-lb. Phenac 604 M  b
7-gal. treated fish oil (Celestcrol)
18-gal. dehydrated castor oil (Isoline Z3)
10-gal. bodied linseed oil (KPO-A)

5 Nitrocellulose lacquer (parts by weight on solid basis)
0.5-sec. nitrocellulose 100 D ibutylphthalate 25
Rezyl 99-4 200 Blown castor oil 25
Solvent 10 (parts by volume)

Toluene 4 Butyl acetate 2 ,
E thy l acetate 3 Butanol 1

6 Nonoxidizin^ alkyd plasticized urea-formaldehyde
baking finish

7 Oxidizing alkyd plasticized urea-formaldehyde bak
ing finish

° Trade mark, American Cyanam id Co. 
b Trade mark, American Cyanamid & Chemical Corp.

1, 2, 3, and 4 were heat-processed by standard procedure for varnish 
making.
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The air dry condition was maintained constant at 78° F., and 
CO por cent relative humidity.

Procedure
All panels were dipped under conditions of constant temper

ature and humidity, 78° F., 50 por cent relative humidity. Cold- 
rolled sl.cel panels (auto body Htock) were cleaned thoroughly 
with toluene, and dried in a stream of compressed air free from
oil or moisture. The cleaned panel was hung on a small wire 
hook attached to the fish lino and lowered by hand into the con
tainer of surface coating to a depth of approximately 0.25 inch 
below the surface of the coating. The panel was then withdrawn 
by the dip coaler at a speed dependent on the size of drum used. 
'1 lie drums of various size are interchangeable on the motor shaft 
by simple adjustment of the setscrew. The eoatcd panels were 
maintained in a vertical position and dried as shown in the above 
schedule.

The film thickness was measured by the dial gage method

(Figure 3). The coated panel was held firmly to the bed plate 
at four points by a special clamp shown in the figure. The total 
thickness (film and panel) was measured, the film removed by 
solvent, and the thickness of the panel determined without 
changing the position of the panel under the gage. The film 
thickness is the difference between the first and second measure
ments. It is extremely important that the panel be held rigidly; 
the clamp was designed especially for this work. It is also desir
able that any slight distortion in the metal panel be eliminated. 
This may be done by having a threaded steel pin with a slightly 
rounded end protrude through the bed plate about 0.001 inch 
directly under the dial gage spindle. An Ames upright gage No. 
13 was used in this work. The film thickness may be measured 
by any other method of sufficient accuracy, such as the micro
scope method described by Stoppel (3).

The film thickness was measured at seven points along the 
12-inch panels with the results shown in Tables I I I  to VII.
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T a b l e  I I I .  F il m  T h ic k n e s s  o f  E n a m e l s

Rate of W ithdrawal, Inches per M inute
2 3 4 6 8 12

Inches
from
top »-------------- Film  thickness in mils-------------

E n a m e l  1

---Viscosity 52 seconds, No. 4 Ford cup, 58% solids— %

1 . 5 0.78 0.86 0.90 0.81 0.86 0.88
2.5 0.75 0.90 1.10 1.10 1.01 1.20
4 0.74 0.90 1.14 1.33 1.17 1.23
6 0.77 0.93 1.12 1.33 1.3S 1.41
8 0.77 0.96 1.15 1.42 1.55 1.57

10 0.74 0.96 1.12 1.50 1.70 1.73
11 0.75 0.95 1.13 1.43 1.73 1.70

. . .  . « n  .  j  p  Ay 1*1
■ Yiscosity / 1 secónos, oJ.u /q soiicis

1.5 1.01 1.26 1.07 1.05 1.10 1.10
2.5 1.05 1.32 1.37 1.32 1.30 1.38
4 1.10 1.36 1.53 1.42 1.05 1.60
6 1.08 1.35 1.57 1.78 1.80 1.77
8 1.12 1.31 1.54 2.03 1.99 1.90

10 1.13 1.37 1.01 1.94 2.06 2.02
11 1.10 1.37 1.55 2.01 2.10 2.02

«i QQ ( łA rtA n /lo  AH 1 O f Q A lî l ïq  —— - V is c o s ity O u  S C C O n U a , UVJ. X / o  8011U8

1.5 1.05 1.41 1.24 1.21 1.29 1.27
2.5 1.11 1.54 1.50 1.47 1.43 1.44
4 1.20 1.53 1.70 1.63 1.61 1.65
6 1.20 1.53 1.05 1.79 1.84 1.98
8 1.22 1.52 1.08 1.99 1.98 2.06

10 1.17 1.49 1.70 2.29 2.10 2.14
11 1.14 1.45 1.07 2.35 2.19 2.14

E n a m e l  2

■Viscosity 51 seconds, 46 .2%  solids-

1.5 0.73 0.90 1.00 1.20 1.23 1.17
2.5 0.72 0.93 1.08 1.32 1.50 1.42
4 0.75 0.90 1.10 1.49 1.80 1.83
6 0.74 0.95 1.08 1.50 1.77 2.06
8 0.77 0.93 1.02 1.43 1.67 2.09

10 0.77 0.94 1.00 1.40 1.77 2.13
11 0.72 0.95 1.04 1.41 1.67 2.12

ł?' • i ma 1 àpf C\Of — ~ I ; ,I «viscosny /u seconas, ex i . u/y s o u q s

1.5 0.95 1.28 1.35 1.35 1.73 1.42
2.5 0.95 1.18 1.32 1.01 1.77 1.05
4 0.94 1.23 1.31 1.80 2.07 2.00
6 0.90 1.20 1.30 1.80 2.09 2.28
8 0.90 1.20 1.38 1.87 2.05 2.56

10 0.95 1.15 1.36 1.80 2.10 2.76
11 0.92 1.18 1.37 1.80 2.20 2.70

° Enamel 3. Material flowed on had practically the same thickness as 
hand dipped and 12 inches per minute withdrawal.

Rate of W ithdrawal, Inches per M inute
2 3 4 6 S 12

Inches
from
lop *-------------- Film  thickness in mils--------------

E n a m e l  2 (Con’t.)

•Viscosity 88 seconds, 47 .5%  solids

1.5 1.08 1.40 1.54 1.60 1.82 1.48
2.5 1.08 1.38 1.63 1.92 1.85 1.70
4 1.15 1.42 1.60 2.15 2.20 2.15
0 1.13 1.39 1.01 2.16 2.30 2.38
8 1.15 1.40 1.60 2.18 2.35 2.67

10 1.12 1.42 1.59 2.10 2.57 2.82
11 1.12 1.42 1.58 2.18 2.47 2.82

E n a m e l  3 °
Hand

Dipped

----- Viscosity 52 seconds, 46 .7%  sollids-----

1.5 0.65 0.85 1.00 1.25 1.25 1.14 1.18
2.5 0.70 0.85 1.03 1.42 1.45 1.04 1.70
4 0.07 0.88 1.00 1.50 1.59 1.68 1.72
6 0.08 0.88 1.03 1.48 1.60 2.00 1.77
8 0.72 0.88 0.96 1.53 1.70 2.03 1.90

10 0.72 0.91 1.01 1.50 1.65 2.10 2.04
11 0.72 0.91 0.96 1.40 1.57 2.15 2.25

«.i .. nn j ¿w WAV i
—  Viscosity ou seconas, ** . • /q s o u q s

1.5 0.95 1.10 1.40 1.47 1.47 1.47 , ,
2.5 0.98 1.20 1.40 1.55 1.85 1.78 , ,
4 0.98 1.20 1.39 1.70 2.30 1.98 , ,
6 0.99 1.20 1.42 1.85 2.30 2.46 . ,
8 1.02 1.10 1.45 1.88 2.30 2.50 , .

10 1.01 1.17 1.38 1.88 2.35 2.80 , ,
11 0.98 1.18 1.40 1.86 2.35 2.85

E n a m e l  4
Flowed

On

Viscosity 52 seconds, 45 .3%  solids-

1.5 0.70 0.88 1.03 1.19 1.20 1.15 1.10 1.41
2.5 0.73 0.87 1.10 1.27 1.48 1.37 1.40 1.55
4 0.74 0.88 1.08 1.25 1.56 1.62 1.62 1.71
0 0.70 0.88 1.05 1.32 1.58 2.00 1.80 2.01
8 0.70 0.87 1.04 1.47 1.60 2.10 2.01 2.09

10 0.73 0.90 1.04 1.58 1.68 2.13 2.15 2.17
11 0.73 0.88 1.03 1.52 1.65 2.01 2.12 2.22

1.5 1.10 1.27 1.53 1.55 1.83 1.35
2.5 1.09 1.24 1.50 1.68 1.90 1.72
4 1.10 1.24 1.45 1.83 2.02 1.92
0 1.10 1.22 1.45 1.85 2.11 2.22
8 1.08 1.25 1.44 1.85 2.17 2.51

10 1.10 1.27 1.44 1.87 2.29 2.70
11 1.09 1.28 1.44 1.87 2.73 2.92

Rate of W ithdrawal, 2 Inches per M inute

T a b l e  IV .  F il m  T h ic k n e s s

Rate of W ithdrawal, 3 Inches per M inute

es from top

Primer
enamel

Mils

Enamel

M ils

Enamel
bare

steel“

Mils

DifT.

M il %

Primer
enamel

Mils

Enamel

Mils

Ename
bare

steel“

Mils

1.5 2.10 1.10 0.65 0.45 69.2

E n a m e l  3 o v e r  P r i m e r  

Viscosity 52 seconds, primer 

2.32 1.32 0.85
2.5 2.10 1.10 0.70 0.40 57.3 2.34 1.34 0.85
4 2.08 1.08 0.67 0.41 61.2 2.35 1.35 0.88
6 2.15 1.15 0.68 0.47 69.1 2.38 1.38 0.88
8 2.02 1.02 0.72 0.30 41.7 2.37 1.37 0.88

10 2.15 1.15 0.72 0.43 59.7 2.34 1.34 0.91
11 2.07 1.07 0.72 0.45 62.5 2.37 1.37 0.91

1.5 2.45 1.45 0.95 0.50 52.6

Viscosity 80 seconds, primer ] 

2.74 1.74 1.10
2.5 2.52 1.52 0.98 0.54 55.0 2.76 1.76 1.20
4 2.46 1.46 0.98 0.48 48.0 2.79 1.79 1.20
6 2.47 1.47 0.99 0.48 48.5 2.75 1.75 1.20
8 2.43 1.43 1.02 0.41 40.1 2.76 1.76 1.16

10 2.43 1.43 1.01 0.42 41.5 2.77 1.77 1.17
11 2.45 1.45 0.98 0.47 48.0 2.80 1.80 1.18

1.5
2.5 
4
6
8

10
11

1.5
2 .5 
46
810

11

Diff.

M il

0.47
0.49
0.47
0.50
0.49
0.43
0.46

0.64
0.54
0.59
0.55
0.60
0.60
0.62

E n a m e l  4 o v e r  P r im e r  A 

Viscosity 52 seconds, primer 1.00 m il

1.84
1.84
1.85 
1.83 
1.87
1.86 
1.85

0.84
0.84
0.85
0.83
0.87
0.86
0.85

2.18 1.18
2.18
2.22
2.20
2.20
2.202.20

1.18
1.22
1.20
1.20
1.20
1.20

0.70&
0.73
0.74
0.70
0.70
0.73
0.73

1.10
1.09
1.10 
1.10 
1.08 
1.10 
1.09

0.14
0.11
0.11
0.13
0.17
0.13
0.12

0.08
0.09
0.120 .10
0.120.10
0.11

20.0
15.1
14.9
18.6
24.3
17.8
16.5

2 .02
2.062 .00
2 .02
2.03
2.02
2.05

1.02
1.06
1.00
1.02
1.03
1.02
1.05

0.88 b 
0.87 
0.88 
0.88 
0.87 
0.90 
0.88

0.14
0.190 .12
0.14
0.16
0.12
0.17

Viscosity 81 seconds, primer 1.00 m il

7 .3
8 .2

10.910.0
11.1
10.0
10.1

2.73
2.78 
2.76
2.79
2.75
2.76
2.74

1.73
1.78 
1.76
1.79
1.75
1.76
1.74

1.27
1.24
1.24 
1.22
1.25
1.27
1.28

0.46
0.56
0.52
0.57
0.50
0.49
0.46

' Rate of W ithdrawal, 4 Inches per M inute 

Enamel
Primer bare
enamel Enamel steel" DifT.

% Mils M ils M ils M il %

55.3 2.51 1.51 1.00 0.51 51.0
57.6 2.53 1.53 1.03 0.56 54.2
53.4 2.58 1.58 1.00 0.58 58.0
56.9 2.58 1.58 1.03 0.53 51.4
55.6 2.54 1.54 0.96 0.58 60.4
47.4 2.52 1.52 1.01 0.53 52.4
50.8 2.46 1.46 0.96 Ö.50 52.0

58.0 3.06 2.06 1.40 0.66 47.0
45.0 3.12 2.12 1.40 0.72 51.4
49.1 3.05 2.05 1.39 0.66 47.5
45.7 3.08 2.08 1.42 0.66 46.5
51.6 3.10 2.10 1.45 0.65 44.9
51.2 3.07 2.07 1.38 0.69 50.0
52.5 3.11 2.11 1.40 0.71 50.7

15.9 2.32 1.32 1.03* 0.29 28.0
21.9 2.38 1.38 1.10 0.28 25.5
13.6 2.35 1.35 1.08 0.27 25.0
15.9 2.36 1.36 1.05 0.31 29.4
18.4 2.32 1.32 1.04 0.28 26.9
13.4 2.36 1.36 1.04 0.32 30.6
19.3 2.32 1.32 1.03 0.29 28.2

36.1 2.96 1.96 1.53 0.43 28.1
45.0 2.96 1.96 1.50 0.46 30.6
42.0 2.97 1.97 1.45 0.52 35.8
46.7 2.98 1.98 1.45 0.53 36.4
40.0 3.02 2.02 1.44 0.57 39.5
38.6 2.98 1.98 1.44 0.54 37.5
36.0 2.96 1.96 1.44 0.52 36.2

° Values taken from enamel 3, Table I I I .  b Values taken from enamel 4, Table I I I .
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T a b l e  V . F il m  T h ic k n e s s  o f  O l iv e  D r a b  L u s t e r l e s s

■Film Thickness-
Rate of withdrawal, inches per minute Hand

2 3 4 dipped
Inches
from
top Mils M il* M ils M ils

Viscosity 33 seconds

1.5 1.20 1.31 1.34 1.42
2.5 1.21 1.35 1.36 1.64
4 1.24 1.33 1.38 1.88
6 1.25 1.34 1.44 2.00
8 1.24 1.33 1.41 2.17

10 1.25 1.34 1.38 2.21
11 1.20 1.34 1.38 2.17

Viscosity 51 seconds

1.5 1.48 1.79 2.25 1.89
2.5 1.50 1.82 2.28 2.05
4 1.50 1.80 2.27 2.21
6 1.52 1.84 2.33 2.50
8 1.52 1.86 2.22 2.77

10 1.48 1.82 2.28 2.89
11 1.49 1.80 2.16 2.90

Viscosity 64 seconds

1.5 1.83 2.08 2.07 1.72
2.5 1.85 2.08 2.08 2.04
4 1.87 2.04 2.24 2.28
6 1.82 2.10 2.25 2.42
8 1.81 2.10 2.26 2.82

10 1.80 2.13 2.20 2.86
11 1.82 2.10 2.12 3.00

Inches
from
top

T a b l e  VI.

Rate of 
2

M il

F il m  T h ic k n e s s  o f  P r im e r s

withdrawal, inches per minute 
3 4

M ils Mils

1.5

P r i m e r  A 

Viscosity 41 seconds, 58 .3%  solids 

0.63 0.83 0.98
2.5 0.63 0.85 1.02
4 0.67 0.86 1.00
6 0.68 0.86 0.99
8 0.66 0.80 1.00

10 0.67 0.79 1.01
11 0.63 0.83 1.03

1.5 0.85

Viscosity 59 seconds 

1.02 1.26
2.5 0.88 1.02 1.23
4 0.90 1.02 1.25
6 0.88 1.00 1.26
8 0.86 1.05 1.25

10 0.89 1.00 1.27
11 0.86 1.02 1.22

1.5 0.84

P r i m e r  B 

Viscosity 34 seconds 

0.89 0.95

Hand
dipped

Mils

0.87
2.5 0.90 0.95 1.05 1.08
4 0.86 0.98 1.03 1.18
6 0.92 0.98 1.07 1.29
8 0.90 0.93 1.05 1.38

10 0.72 0.78 0.94 1.47
11 0.58 0.69 0.84 1.50

Discussion of Data

The results with enamels 1 to 4 show clearly that with
drawal speeds greater than 4 inches per minute do not pro
duce uniform films. Enamel 1, with mineral spirits solvent 
and slower setting than the others, is not entirely uniform at 
the 4-minute rate nor at the high viscosity. Viscosity is much 
more important than the per cent of solids in determining the 
film thickness.

Comparison of enamel 1 (71 seconds) and clear 1 (72 sec
onds), having the same vehicle, shows that approximately 
equal film thickness is produced under the same conditions of 
viscosity and rate of withdrawal. The greater irregularity 
of the clear films at 4-inch withdrawal rate is evidence of the 
better flowing quality of the clear unpigmented material. 
Primer A, having the same vehicle but a greater pigment 
ratio, has less flowing quality than either enamel 1 or clear 1 ; 
therefore uniform films are obtained at the 4-inch rate. 
Highly pigmented coatings tend to become plastic or thixo- 
tropic with very little viscous flow. It then becomes increas-

LENGTH OF PANEL IN INCHES

F ig u r e  8 . V a r ia t io n  o f  F il m  T h ic k n e s s  o f  C l e a r s  

w it h  V is c o s it y  a n d  R a t e  o f  W it h d r a w a l

ingly difficult to produce uniform films by the dip method. 
The decreased flow may be overcome partially by lowering 
the consistency, but this has definite limitations. The olive 
drab lusterless, with considerably greater pigment ratio and 
different type of pigment, requires lower viscoisty for uniform 
films of normal thickness. The pigment ratio in primer B is 
less than the olive drab, but this pigment has a definite tend
ency to flocculate, resulting in thixotropic consistency and
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Inches
from
top

1 .5
2.5 
4

Rate of W ithdrawal 
Inches per M inute Hand 

2 3 4 dipped

M il M ils M ils M ils

C l e a r  1 

Viscosity 46 seconds

8
10
11

1.5
2.5 
4
6
810

11

1.5
2.5 
4
6
8

10
11

1.5
2.5 
4
6
8

10
11

0.60
0.62
0.64
0.65
0.64
0.61
0.63

0.82
0.82
0.85
0.86
0,-83
0.82
0.83

0.79
0.90
0.92
0.95
0.96
0.90
0.91

Viscosity 72 seconds

1.23 
1.20 
1.22
1.25
1.23
1.25
1.23

0.89
0.89
0.94
0.900 .86
0.89
0.88

0.92
1.15
1.30
1.27
1.32
1.34
1.42

C l e a r  2 

Viscosity 43 seoonds

0.60
0.59
0.63
0.60
0.61
0.60
0.60

0.670.66
0.64
0.65
0.66
0.61
0.62

0.73
0.72
0.78
0.76
0.75
0.74
0.75

Viscosity 71 seconds 

0.74 1.05 1.09
1.02
1.04
1.04
1.05 
1.02 
1.00

0.75
0.74
0.73
0.74
0.76
0.76

1.10
1.09
1.10
1.09 
1.08
1.10

0.79
0.94
1.04
1.21
1.36
1.40
1.40

0.99
1.12
1.30
1.60
1.68
1.78
1.70

1.02
1.07
1.35
1.43
1.61
1.64
1.60

1.25
1.36
1.61
1.90
1.99
2.15
2.08

Inches
from
top

Rate of W ithdrawal, 
Inches per M inute 

2 3 4

T a b l e  VII. F il m  T h ic k n e s s  o p  C l e a r s

Rate of Withdrawal

1.5
2 .5 
4
6
8

10
11

1.5
2.5 
4
6
8

10
11

C l e a r  3 

Viscosity 36 seconds 

0.59 0.65 0.75

1.
2.
4
6
8

10
11

1.5
2.5 
4
6
8

10
11

1.5
2.5

8
10
11

0.60
0.60
0.57
0.55
0.55
0.57

0.65
0.67
0 .68
0.70
0.67
0.66

0.78
0.80
0.80
0.79
0.76
0.77

0.81
0.83
0.85
0.82
0.81
0.82
0.80

1.03
1.07
1.07
1.07 
1.06 
1.05 
1.03'

1.15
1.18
1.20
1 . 20
1.23
1.20

0.86
0.90
0.890 .8 6
0.90
0.89
0.88

0.99
1.09
1.09
1.05 
1.07
1.06 
1.06

0.98
1.05
1.10
1.20
1.25
1.25
1.25

Hand
dipped

M il M ils M ils M ils

Viscosity 49 seconds 

0.67 0.91 0.99 
0.69 0.91 0.99 
0.72 0.90 1.00
0.68 0.90 1.02
0.70 0.95 1.05
0.68 0.95 1.03
0.70 0.93 1.02

Viscosity 65 seconds 

1.10

C l e a r  4

Visoosity 35 seconds

0.64 0.90 0.80
0.67 0.90 0.97
0.66 0.89 1.06
0.68 0.90 1.04
0.70 0.88 1.03
0.70 0.87 0.98
0.69 0.90 0.99

Viscosity 48 seconds

0.72
0.80
0.85
0.96
1.06
1.15
1.10

0.73
0.89
1.04
1.15
1.24
1.30
1.34

0.93
0.98
1.10
1.30
1.45
1.49
1.40

0.80
0.92
1.08
1.15
1.38
1.44
1.40

0.87
1.11
1.18
1.37
1.41
1.54
1.48

Inches
from
top

Inches per M inute Hand 
2 3 4 dipped

Rato of W ithdrawal,
Inches per M inute Hand 

2 3 4 dipped

M il M ils M ils 

C l b a r  5

Mils

Inches
from
top M il M il M ils M ils

Viscosity 52 seoonds

C l e a r  6 

Viscosity 35 seoonds

1.5 0.46 0.52 0.63 0.99 1.5 0.55 0.59 0.66 0.95
2.5 0.45 0.53 0.62 1.10 2.5 0.46 0.58 0.64 0.98
4 0.48 0.52 0.63 1.24 4 0.50 0.57 0.66 1.10
6 0.46 0.53 0.61 1.41 6 0.50 0.59 0.64 1.12
8 0.44 0.52 0.61 1.63 8 0.50 0.58 0.66 1.35

10 0.44 0.53 0.64 1.64 10 0.50 0.60 0.65 1.35
11 0.44 0.54 0.61 1.65 11 0.50 0.57 0.65 1.34

Viscosity 71 seconds Viscosity 51 Seconds

1.5 0.55 0.70 0.83 1.15 1.5 0.55 ' 0.74 0.84 0.93:
2.5 0.55 0.70 0.83 1.29 2.5 0.55 0.75 0.89 1.12
4 0.54 0.70 0.83 1.41 4 0.58 0.75 0.90 1.31
6 0.56 0.69 0.84 1.65 6 0.62 0.73 0.88 1.4ft
8 0.56 0.68 0.83 1.70 8 0.60 0.75 0.88 1.49

10 0.55 0.70 0.82 1.90 10 0.56 0.72 0.86 1.66
11 0.55 0.70 0.82 1.90 11 0.60 0.70 0.85 1.68

Viscosity 88 seconds Viscosity 65 seconds

1.5 0.64 0.87 0.90 1.33 1.5 0.74 0.95 1.05 1.25
2.5 0.65 0.90 0.90 1.50 2.5 0.75 0.95 1.06 1.40
4 0.63 0.89 0.91 1.66 4 0.78 0.92 1.04 1.55
6 0.65 0.90 0.90 1.87 6 0.76 0.93 1.07 1.57
8 0.65 0.87 0.91 1.93 8 0.76 0.92 1.05 1.75-

10 0.65 0.86 0.92 2.27 10 0.74 0.95 1.07 i .8 a
11 0.65 0.88 0.90 2.20 11 0.75 0.92 1.10 1.98

Viscosity 121 seconds C l e a r  7

1.5 0.90 1.00 1.22 1.50 Viscosity 35 seoonds
2.5 0.90 1.00 1.20 1.77 1.5 0.46 0.53 0.63 0.81
4 0.89 1.02 1.20 2.00 2.5 0.45 0.55 0.59 0.96
6 0.88 1.00 1.19 2.23 4 0.42 0.56 0.60 1.10-
8 0.87 1.01 1.18 2.50 6 0.42 0.54 0.59 1.13

10 0.89 0.98 1.19 2.65 8 0.48 0.55 0.58 1.33:
11 0.90 0.98 1.17 2.60 10 0.41 0.53 0.59 1.37

11 0.43 0.53 0.59 1.44

Viscosity 50 seconds

1.5 0.60 0.73 0.86 1.00-
2.5 0.59 0.75 0.82 1.11
4 0.59 0.77 0.84 1.31
6 0.63 0.74 0.81 1.47
8 0.60 0.75 0.79 1.59

10 0.60 0.75 0.82 1.67
11 0.60 0.78 0.82 1.70

Viscosity 65 seconds

1.5 0.73 0.93 1.00 1.12
2.5 0.72 0.92 1.00 1.17
4 0.73 0.92 1.02 1.52
6 0.71 0.92 1.01 1.69
8 0.72 0.92 0.98 1.80

10 0.71 0.92 1.02 2.08
11 0.75 0.91 1.03 2.28

irregularity in film thickness. This material is not entirely 
satisfactory for dip coating and shows that the type of pig
ment and degree of dispersion must be considered to obtain 
satisfactory results.

The extreme variation in film uniformity on the panels 
which were hand-dipped makes this method very unsatis
factory for making test panels. The effect of slow setting 
produced by mineral spirits may be seen again in a comparison 
of clears 1 and 2. It is particularly evident in the hand- 
dipped panels. Clears 3 and 4 are both thinned with mineral 
spirits, but No. 4 is slower setting than No. 3 because of a 
greater ratio of oil to resin. The greater irregularity of No. 4 
at comparable viscosities and the 4-inch rate of withdrawal is 
at once apparent. The extreme opposite to this is the fast- 
setting clear No. 5, with which very uniform films were ob
tained at the 4-inch rate even at high viscosity. However, 
uniform films were not obtained with this material by the 
hand-dipped method.

Specification ASX-736 for shell case finishes requires a film 
thickness of 0.6 =*= 0.1 mil. Clears 6 and 7 were tested for 
this specification, and an examination of Figures 4 to 8 will 
show at once the viscosity and rate of withdrawal necessary 
for the desired film thickness. A series of films could be 
prepared by the dip coater covering a range of film thickness

for a study of variation of film properties with thickness. In 
this way the optimum film thickness could be determined.

This work was done under conditions of constant tempera
ture and humidity (78° F., 50 per cent relative humidity). 
It is well known that viscosity changes appreciably with 
temperature, and the temperature coefficient is not the same 
for a variety of coating materials. Where constant tempera
ture is not available, it would be desirable to determine the 
viscosity of the coating under the same conditions as applica
tion and immediately before using. The rate of evaporation 
of the solvent from the film and consequently the setting time 
of the film is affected by the humidity of the atmosphere, but 
this effect is not so great as the temperature-viscosity factor 
and may be neglected over the normal humidity changes.

Sum m ary

Surface coating films of uniform thickness may be made by 
the dip coater on steel panels for test purposes.

Film thickness may be varied over the normal useful range 
by changing the viscosity of the coating, the rate of with
drawal, or both. The range of rate of withdrawal for a wide 
variety of surface coatings is from 2 to 4 inches per minute.

Viscosity is more important than per cent solids in deter
mining film thickness at a given rate of withdrawal.
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There is an optimum flowing quality for the production, of 
uniform films over the normal thickness range. Coating 
materials with very poor flowing quality are not satisfactory 
for application by the dip method.

The data obtained indicate the range of viscosity and rate 
of withdrawal necessary for surface coatings suitable for dip 
application to give a desired film thickness. The actual con
ditions of application should be determined for any specific 
coating and film thickness.

Acknowledgment

The author takes this opportunity to express his apprecia
tion to the American Cyanamid Company for permission to 
publish this work, and to the members of the Engineering 
Staff and Machine Shop of the Stamford Laboratories for 
their interest and cooperation.

Literature Cited
(1) A r lt, H. G., Bell Lab. Record, 14, 210 (1930).

(2) Bruins, P. F., I n d .  E n g . Chem., A n a l .  E d ., 9, 37G (1937).
(3) Dunn, E. J., and Baier, C., Ibid. 13, 427 (1941).
(4) Gardner, H. A., "Physical and Chemical Examination of Paints”,

9th ed., p. 9S, Washington, Institute of Paint and Varnish 
Research, 1939.

(5) Haslam, G. S., I n d . E n g . Chem., A n a l . E d ., 2, 319 (1930).

(6) N. Y. Paint and Varnish Production Club, Official Digest,
Federation of Paint & Varnish Production Clubs, Convention 
Issue, 1940.

(7) Sanderson, J. McE., Proc. Am. Soc. Tesiing Materials, Part II
(1925 and  1926).

(8) Scofield, F., Natl. Paint, Varnish, and Lacquer Assoc., Sci. Circ.
593 (1910).

(9) Stoppel, E. A., Proc. Am. Soc. Testing Materials, Part I, p. 285
(1923).

P r e s e n t e d  before the Division of Paint, Varnish, and Plastics Chemistry at 

the 104th Meeting of the A m e r i c a n  C h e m i c a l  S o c i e t y , Buffalo, N. Y.

Effect of Ethanol Concentration on Purity 
of Potassium Chloroplatinate

In D eterm ination o f  P otash  in  Fertilizers
H . L. M IT C H ELL  and O. \V . FORD  

Purdue University Agricu ltural Experiment S tation , Lafayette, In d .

FOR some time the question of the proper concentration 
of ethanol to be used for the determination of potash in 
fertilizers has been under consideration.

Ford and Hughes (£) reported that higher potash values 
were obtained with 95 per cent ethanol than when 80 per 
cent ethanol was employed as directed by the A. O. A. C. 
method for potash in fertilizers (1). Since this work was 
published, it has been suggested that perhaps the higher 
values were due to differences in the composition of the 
precipitate of potassium chloroplatinate rather than to de
creased solubility of potassium chloroplatinate in the higher 
percentage of the ethanol. It was the purpose of this work to 
investigate the possibility of changes in the composition of 
the potassium chloroplatinate precipitate when various 
concentrations of ethanol are used.

T a b l e  I,. E f f e c t  o f E t h a n o l  C o n c e n t r a t io n  o n

V a l u e  o f  a  P o t a s s iu m  C h l o r id e  S o l u t io n

Ethanol
Concentration K jPtC l«“

% Gram

80 0.2017
So 0.2034
90 0.204.7
95 0.2052

1 Averages of 8 determinations.

Procedure
The work of Ford and Hughes was extended to include potash 

determinations using 85 and 90 per cent as well as 80 and 95 per 
cent ethanol and acid-ethanol. These determinations were 
made on a solution of pure potassium chloride without evapora
tion and ignition. The temperature (20° C.) and the volume of 
ethanol (160 ml.) used were kept constant in all cases. The 
results obtained are presented in Table I.

Sufficient quantities of potassium chloroplatinate were pre
pared as above, using the four concentrations of ethanol, so that 
approximately 1 gram of each could be dissolved in water to make 
500 ml. of solution, and 25-ml. portions were placed in weighed

platinum dishes. Platinum reduction was accomplished by a 
modification of the method proposed by Swisher and Hummel
(5) by adding 1 ml. of formic acid to each dish, heating to boiling, 
and transferring to a steam bath for 10 minutes. The solutions 
were filtered through weighed Gooch crucibles without attempt
ing to remove all the platinum black from the dishes. The 
crucibles had previously been padded with a small disk of What
man No. 5 filter paper and then with asbestos. After drying 
at 110° C., both the dishes and the crucibles were reweighed.

The filtrates from the platinum determination were acidified 
with nitric acid and chloride was determined gravimetrically by 
precipitating with silver nitrate. The platinum and chloride 
values are presented in Table II.

T a b l e  II. E f f e c t  o f  E t h a n o l  C o n c e n t r a t io n  o n  C o m p o s i

t io n  o f  P o t a s s iu m  C h l o r o p l a t in a t e  P r e c ip it a t e

Ethanol
Concen

-Platinui
Theo

n-------- - -Chloride-
Theo

tration Found retical Difference Found retical Difference

% Gram Gram Gram Gram Gram Gram

80 0.0200 0.0201 0.0001 0.0215 0.0219 0.0004
85 0.0200 0.0201 0.0001 0.0215 0.0219 0.0004
90 0.0199 0.0201 0.0002 0.021G 0.0219 0.0003
95 0.0201 0.0201 0.0000 0.0216 0.0219 0.0003

Discussion

Table I is further confirmation of the findings of Ford and 
Hughes that higher percentages of ethanol give higher potash 
values.

Table II indicates that, within experimental error, the 
composition of the potassium chloroplatinate precipitate is 
not changed by varying the concentration of the ethanol used.
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Determination of Aluminum in Biological 
Material
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THE application of a spectrochemical method to the de
termination of aluminum in biological material (5) 
yielded results which .were often lower than those previously 
reported by many other workers (14)- A careful study of the 

method resulted not only in a number of modifications which 
greatly increased the precision of analysis in the lower range 
of concentrations but also in the development of a chemical 
method which could be used to check the spectrographic find
ings. The refinements incorporated in the spectrochemical 
method and the details of the chemical method employed in 
testing it are described in the following paragraphs.

Spectrochemical Method

The chief difficulty in the use of the spectrochemical method 
was encountered in its application to extremely low levels of 
concentration where precision is affected by background fog 
and residual aluminum in the reagents and electrodes. The 
residual aluminum even in the case of individual electrodes 
may vary considerably and therefore a blank correction 
cannot be used with any degree of safety. While a number of 
earlier batches of electrodes were satisfactorily purified by 
means of prolonged acid extraction (6), this treatment has 
not proved consistently reliable for more recently purchased 
batches. This fact led to an examination of available puri
fied electrodes and to the choice of 0.6-cm. (0.25-inch) Dow 
purified graphite electrodes for this work.

The reagents to be employed are purified either by redis
tillation (distilled water, nitric and hydrochloric acids) or, when 
possible, by the removal of aluminum as the phosphate (at pH 
4.2). The latter method has proved satisfactory for the puri
fication of the spectroscopic base (4) which is used to derive the 
calibration curves and as the diluent added to the prepared 
samples to control their inorganic salt composition (4). The 
small quantities of residual aluminum which, together with 
plate emulsion fog, affect the reliability of the lower sections of 
the working curves may be determined spectrographically when 
the working curves arc derived (7).

The reliable evaluation of photometric data obtained for lines, 
the intensities of which are just above that of the emulsion fog, 
has lately been the subject of a number of papers (7, 15, 17, 20). 
The method used to correct for background fog in this study is 
fundamentally the same as that described by Pierce and Nachtrieb 
(/7), with the additional precaution that the internal standard em
ployed is a line in the same range of intensity as the test line (7). 
The advantage of such a procedure is obvious from the fact that

the values for the density or intensity of lines in the medium and 
upper blackening levels suffer little change due to background. 
With 15 mg. of bismuth per 100 ml. of prepared test solution 
(0.2 ml. of which are placed on the arc) the bismuth lines at 
2993.4 and 3024 are of suitable intensity to serve as standard 
lines for the evaluation of aluminum (3082 A.) in the respective 
ranges of from 0.01 to 0.10 mg. per 100 ml., and from 0.05 to 
2.00 mg. per 100 ml., of the prepared sample.

The nitric acid solutions (plus hydrochloric acid, if tin is 
present) of the dry-ashed (500° C.) samples are adjusted to 
volumes dictated by experience. Generally the solutions of 
ashed solid tissues, blood, and individual food items are adjusted 
to volumes corresponding to the weight in grams of the original 
material. The solutions of ashed urine samples are made up so 
that each milliliter corresponds to 10 ml. of fresh urine, those of 
feces ash to a total volume of 100 ml., and the solutions of ashed 
mixed food samples to 500 ml.

In the case of urine the internal standard (1 ml. of a solution 
containing 1.5 mg. of bismuth) is included in making the final 
volume adjustment. Other materials are prepared for spectro
graphic analysis by mixing—in graduated 15-ml. Pyrex centri
fuge tubes—suitable quantities of the prepared sample solutions 
and definite amounts of a spectroscopic buffer salt solution con
taining the proper amount of the internal standard (15 mg. of 
bismuth per 100 ml. of buffer solution). (The buffer solution or 
diluent contains the inorganic salts of ashed urine and is adjusted 
in volume so that 1 ml. is equivalent to 10 ml. of normal urine, 4-) 
The mixtures are concentrated in a glycerol or oil bath to the 
volumes of diluent employed, and 0.2-ml. portions are dried in 
the craters of graphite rods (3.75 cm., 1.5 inch, in length and 
0.6 cm., 0.25 inch, in diameter). The dried rods are then burned 
(with similar untreated rods serving as negative electrodes) for 
2 minutes as a direct current arc from a 120-volt line at 10 amperes 
and with a 50-volt drop across the electrodes. The craters 
(10 mm. in depth and 3 mm. in diameter) in the two electrodes 
help to improve the steadiness of the arc. Step spectra are ob
tained by rotating a 5-step sector (factor of 2) before the slit of a 
Bausch & Lomb large quartz Littrow spectrograph (set at 5) 
and photographing the refracted light on Eastman No. 33 plates. 
The step densities for the test and standard lines are measured 
in a nonrecording densitometer and the separation between the 
respective Hurter-Driffield curves (plotted as densities against 
the log relative exposures of the steps) at a constant density 
(0.30) gives the aluminum concentration when read from a 
calibration curve derived by adding known amounts of aluminum 
to the spectroscopic buffer (6). In the case of very weak lines 
(0.01 to 0.10 mg. of aluminum per 100 ml. of solution), only the 
maximum exposure steps are used, as described in a recent paper
(7). In this case it is advisable to correct for background fog, 
and with urine samples to correct as well for any residual alu
minum which may have been present in the salt stock used to 
derive the working curve (Figure 1 and 7).
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T a b l e  I. A l u m in u m  R e c o v e r e d  b y  C h e m ic a l  M e t h o d

(Using 200 mg. of diammonium phosphate for precipitation)

Range Used A1 Added A1 Found A1 Recovered

Micrograms M  xerograms Micrograms Micrograms

0-5 0 5.0
0-5 0 5.2
0-5 0 4.9 

Av. 5.0

0-5 1 6.3 1.3
0-5 1 5.9 0.9
0-5 1 6.1 1.1

0-50 5 10 5
0-50 5 12 7
0-50 5 11 6

0-50 30 35 30
0-50 30 37 32
0-50 30 35 30

0-50 50 57 52
0-50 50 54 49
0-50 50 55 50

Chemical Method

None of the available chemical methods was adequate for 
the authors’ purpose, since they needed a method which could 
be applied over a wide range of values (1 microgram to several 
hundred milligrams).

Schmidt and Hoagland’s aluminum phosphate method (19) is 
excellent for gravimetric work but obviously could not be used 
for minute quantities. The available micromethods employing 
8-hydroxyquinoline (oxine), the ammonium salt of aurin tri
carboxylic acid (aluminon), or Alizarin Red S, were not suitable 
because of losses and manipulative difficulties.

The oxine methods as described by Berg (3), Hahn and co
workers (10, 11), and Schams (18) were time-consuming and in
adequate for amounts less than 50 micrograms of aluminum. 
Quantities below this value did not precipitate readily as the 
oxinate, a fact which Alten and co-workers had reported (1). In 
addition, the many manipulative steps entailed unavoidable 
mechanical losses. The color obtained by coupling the diazo- 
tized oxine (liberated from the aluminum oxinate) with sulfanil
amide was photometrically suitable, however, and therefore the 
method could readily be applied to quantities of aluminum above 
50 micrograms.

The aluminon method has been employed by a number of 
investigators (9, 12, 16, 22-25). That described by Cox (9) was 
chosen as the best representative of these methods, but was 
found to be unsatisfactory. The principal difficulties encoun
tered were loss of aluminum through adsorption or occlusion 
when interfering iron was removed as the hydroxide, interference 
by the phosphate ion in the final estimation, and failure of the 
color to obey Beer’s law.

The Alizarin Red S method, first described by Atack (2), 

then carefully studied by Yoe and Hill (2fJ) and applied by 
Underhill and Peterman (21), appeared to be the method best 
suited to the authors’ purpose. With certain modifications 
which are included in the description below', it has the fol
lowing advantages over others using Alizarin Red S: The 
isolation of aluminum as the phosphate followed by washing 
with water (and the subsequent removal of iron with cup- 
ferron) removes interfering substances which affect the final 
color (2); employment of a mixed color makes it possible to 
avoid the use of acetic acid, which attacks the aluminum lake 
(2); and this colorimetric procedure permits the use of a single 
stable calibration curve which obeys Beer’s law.

Method of Procedure

I s o l a t io n  o f  A l u m in u m  a s  A l u m in u m  P h o s p h a t e . Sam
ples of urine (100 ml. or less), blood (5 grams or less), tissues 
(5 to 100 grams), feces (24-hour excretion), and mixed food are 
prepared for analysis by the dry-ashing method used for spectro- 
graphic work (4).

Transfer the entire prepared sample of urine or blood—or a 
suitable aliquot in case the aluminum content is greater than 
50 micrograms—to a 50-ml. graduated conical centrifuge tube. 
Add 1 mg. of iron (100 mg. of iron as ferric chloride per 100 ml. of 
water), 1 ml. of saturated ammonium acetate solution, and 200 
mg. of diammonium phosphate (4 grams of diammonium phos

phate per 100 ml.). Dilute to 20 ml., mix well, and add 6 drops 
of 0.1 per cent aqueous bromocresol green solution, making cer
tain that all phosphates are in solution by adding, if necessary, a 
few drops of 6 N  hydrochloric acid. Add dilute ammonium 
hydroxide (30 ml. of concentrated ammonium hydroxide per 
100 ml.) drop by drop until pH 4.2 is obtained (by matching 
against a standard buffer, §).

Dilute to 30 ml. and heat tube and contents in a bath of gently 
boiling water for approximately 30 minutes. Wash down sides 
of tube with a fine jet of hot water, bring the volume to 30 ml., 
and centrifuge for 10 minutes at 1800 r. p. m., discarding super
natant liquid. Wash down the sides of the tube with about 2 
ml. of hot water, loosen the precipitate containing aluminum 
phosphate plus iron phosphate, breaking up hard lumps with the 
pointed end of a glass stirring rod, and dilute to approximately 
20 ml. Coagulate the phosphate by placing the centrifuge tube 
in a water bath for 10 minutes; then centrifuge again for 10 
minutes, discarding the supernatant liquid. It  is not necessary 
to add diammonium phosphate to prepared urine samples or iron 
to prepared blood samples. Moreover, in the case of blood the 
amount of phosphate normally present permits satisfactory 
precipitation of aluminum, if only 100 mg. of the diammonium 
phosphate are added.

I N E E R I N G  C H E M I S T R Y  Vol. 15, No. 1

F ig u r e  1. C a l ib r a t io n  C u k v e  f o r  S p e c -

TROGRAPHIC D ETER M IN A TIO N  OF M lC R O
Q u a n t it ie s  o f  A l u m in u m

Corrected for background and residual alum inum

R e m o v a l  o f  I r o n  I n t e r f e r e n c e . Dissolve the precipitate 
with 5 ml. of dilute sulfuric acid (10 ml. of concentrated sulfuric 
acid per 100 ml.), place in the hot-water bath to effect solution, 
dilute to approximately 10 ml., and centrifuge for 10 minutes to 
separate silica. Transfer the supernatant liquid to a 150-ml. 
Squibb type separatory funnel and dilute to 20 ml. Add 2 ml. 
of a cold aqueous cupferron solution (6 grams per 100 ml.) and 
allow to stand for 1 minute after thorough shaking. Add 10 
ml. of a water-saturated benzene-ether mixture (equal parts by 
volume), shake for 1 minute, and allow complete separation of 
the two phases. Remove the aqueous layer to a second separa
tory funnel and repeat treatment with 10 ml. of the benzene- 
ether mixture. Remove the aqueous fraction to a 30-ml. 
Kjeldahl flask containing 1 ml. of concentrated nitric acid, add 
one or two small clean Carborundum bumping stones, and heat 
with a microburner until fumes of sulfur trioxide appear. Cool, 
add 1 ml. of water, and again heat until appearance of sulfur 
trioxide fumes, to expel oxides of nitrogen.

P h o t o m e t r ic  M e a s u r e m e n t  o f  t h e  M i x e d  C o l o r  o f  t h e  

A l u m in u m  L a k e  o f  A l iz a r in  R e d  S P l u s  E x c e s s  A l iz a r in  

R e d  S. If the range of 0 to 5 micrograms of aluminum is to be 
used, rinse the contents of the 30-ml. Kjeldahl flask completely 
into a 25-ml. glass-stoppered cylinder. Dilute to 14 ml., add 
1 ml. of an aqueous solution of Alizarin Red S (0.075 gram of 
Alizarin Red S per 100 ml.), then add 10 ml. of dilute ammonium 
hydroxide (30 ml. of concentrated ammonium hydroxide per 
100 ml.), mix the contents, and measure the density immediately 
at 580 mfi, with a suitable spectrophotometer.

If the range is 0 to 50 micrograms of aluminum, use a 100-ml. 
glass-stoppered cylinder. Dilute to 85 ml., and add 5 ml. of
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MICROGRAMS A l /1 0 0  m l.

Figure 2. Calibration Curve for Spectrophotometric 
Measurement of M ixed Color 

Cell length 2.5 cm.

the same Alizarin Red S solution and 10 ml. of dilute ammonium 
hydroxide. Other procedures are the same.

The density curve as shown in Figure 2 for the range 0 to 50 
micrograms was obtained with a pure aqueous solution of 
aluminum chloride, containing 5 ml. of dilute sulfuric acid 
(10 ml. of concentrated sulfuric acid per 100 ml.). Density 
measurements were obtained with the photoelectric spectro
photometer described in a previous paper (18). A reagent 
blank of approximately 5 micrograms of aluminum is obtained 
when 200 mg. of diammonium phosphate are used.

Results

Table I Lists the recoveries obtained by the chemical method 
when known amounts of aluminum were added and 200 mg. 
of diammonium phosphate were used for precipitation of 
aluminum. The agreement between findings obtained by the 
chemical and the spectrograpliic methods is shown in Tables 
II, III, and IV. Table I I  gives recoveries of known amounts 
of added aluminum approximating those which may be en
countered in fecal and mixed food samples. Table I I I  il
lustrates the agreement between the results obtained by the 
two methods at the lower levels of concentration. These 
results, listed in the frequencies of their occurrence, with their 
calculated mean values, were obtained from duplicate samples 
of consecutive daily urinary specimens from a subject under 
study. The range of application of the two methods, the 
agreement in the findings obtained by their use, and also the 
levels of aluminum concentration which may be encountered 
in miscellaneous material may be seen in Table IV.

Discussion

Aluminum is the most widely distributed of the metals, 
forming as it does about 7 per cent of the earth’s surface. 
Contamination, therefore, is a serious factor in the determi
nation of aluminum and its complete avoidance is practically 
impossible. Nevertheless, the consistently low results and 
the close agreement between the means obtained on indepen
dent aliquots of urine samples by two such distinctly dif
ferent methods (Table III) point to the fact that contamina
tion has been held to a minimum. The effect of adventitious 
aluminum depends, of course, on the range of concentrations

Table II. Comparison of Analytical Results Obtained by 
Spectrographic and Chemical Methods

Spectrographic
Chemical Method Met hod

Feces Al Al Al Al Al
Sample Added found recovered found recovered

Mg. Mg. Mg. Mg. Mg.

0721 0 1.66 1.84
0 1.66 1.80
0 1.40 1.64

Av. 1.57 Av. 1.76

0721 5 6.66 5.09 6.50 4.74
5 6.50 4.93 7.25 5.49
5 6.16 4.59 6.75 4.99

Av. 4.87 Av. 5.07

0721 10 12.00 10.43 11.20 9.44
10 12.25 10.68 11.30 9.54
10 10.75 9.18 12.50 10.74

Av. 10.07 Av. 9.90

0721 100 105.0 103.4 114.8 113.0
100 105.0 103.4 109.8 108.0
100 92.5 90.9 101.8 100.0

Av. 99.2 Av. 107.0

Table III. Determination of Aluminum in Consecutive 
Samples of Urine from an Experimental Subject

(Comparison of spectrographic and chemical results)

A l Found, Frequencies of Occurrence
M g./l. Chemical Spectrographii

0.010-0.0149 1
0.015-0.0199 2
0.020-0.0249 7
0.025-0.0299 4
0.030-0.0349 7 ‘4
0.035-0.0399 13 8
0.040-0.0449 9 25
0.045-0.0499 12 10
0.050-0.0549 13 23
0.055-0.0599 6 4
0.060-0.0649 4 9
0.065-0.0699 4 3
0.070-0.0749 5 • 2
0.075-0.0799 0 0
0.080-0.0849 4 3

Totals 91 91
Mean 0.046 0.050
Probable error ¿*0.001 =*=0.001
Std. deviation =*=0.016 *0 .011
Coefficient of variation 34.59% 21.75%

encountered and may be serious in the case of urine, blood, or 
animal tissues with a low aluminum content. It is therefore 
advisable to carry out analyses in duplicate whenever suffi
cient material is available.

Silica does not interfere with the determination and there is 
no evidence that any considerable portion of the aluminum 
present in prepared samples of feces or mixed food is in the 
form of insoluble silicate. A number of tests on such material 
containing 1.5 to 100 mg. of aluminum showed that 99 per 
cent or more of the aluminum was in the soluble form. The 
fact that in one case 1 per cent of the aluminum was found in 
the silica does not mean that the aluminum was present as an 
insoluble silicate; a more probable explanation is that it was 
difficult to remove small amounts of adsorbed aluminum com
pletely by w'ashing. Silica is removed in the chemical 
method for photometric reasons only.

At least 1 mg. of iron was found to be essential for the com
plete adsorption or entrainment of 50 to 75 micrograms of alu
minum as the phosphate. Higher amounts are unnecessary, 
and were avoided because of the increased manipulation re
quired in washing the phosphate and in removing the iron 
with cupferron. Phosphate must be present in an amount in 
excess of that needed to combine with all of the added iron and 
the aluminum. Best results were obtained when 200 mg. of 
diammonium phosphate W'ere employed. Larger amounts 
give rise to high blanks, and, in addition, increased quantities 
lead to incomplete removal of excess diammonium phosphate 
by the washing process. The phosphate remaining, when 
carried through to the estimation step, may cause a partial 
precipitation of aluminum phosphate and thus produce low
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T a b le  IV. C o m p a r is o n  o p  A n a l y t i c a l  R e s u l t s  O b t a in e d  by  

S p e c t r o g r a p h ic  a n d  C h e m ic a l  M e t h o d s

Alum inum Found
Sample Spectrographic Chemical

M g./l. Mg./l.

Urine 803 0.04 0.03
Urine 1483 0.06 0.06
Urine 1495 0.08 0.07

M g./100 g. M g ./100 g.

Blood 600 0.02 0.03
Blood 843 0.03 0.03
Blood 945 0.03 0.03

Mg./24 hours M g./24 hour8

Feces 3496a 338 332
Feces 4188 12.5 12.6

Food 3145a 330 324
Food 3717 3.6 3.9

° Following addition of Al to diet.

results. This fact also limits the upper range of estimation by 
chemical means to 50 or 75 micrograms per aliquot, since 
larger quantities of aluminum also tend to recombine with the 
phosphate under the conditions of this method.

The only difficulty encountered with the chemical method 
as outlined in this paper is in establishing the range of the 
concentration of aluminum in the specific sample; this can be 
done only on the basis of experience with a particular series of 
samples. In the case of urine and blood samples, the ali
quots designated usually can be analyzed with the 0 to 5-mi- 
crogram curve, with extrapolation to 7.5 micrograms if neces
sary. This procedure is preferable to using a 0 to 10 micro
gram range, since the quantities of alizarin required in this 
case give an initially high density and thus make it difficult 
to evaluate small color changes. However, since the method 
is sensitive, small aliquots can be used, and the analysis can 
be repeated with larger aliquots when this is deemed advisable.

The stability of the lake formed is sufficient for rapid 
measurement—within 10 to 15 minutes. Under the conditions 
outlined the densities of the mixed color (with increased alu
minum) follow Beer’s law (Figure 2), the greatest density 
spread between the aluminum-lake color and the excess 
Alizarin Red S color being observed at 580 m/x. For most 
accurate results each sample should be developed immediately 
before reading.

With the spectrographic method there is no question of 
specificity when an instrument of sufficient dispersion (large 
quartz Littrow type) is employed. The problem here, as 
previously pointed out, is one of reproducibility, particularly 
for the extremely low concentration ranges. The reproduci
bility obtainable by the present method is excellent when 
judged by the variations in individual results used to plot 
Figure 1. A varying number of spectra was employed for 
each point. Table V shows number of spectra and mean 
error of a single analysis as read from the finally derived curve, 
plotted from the mean values at a number of concentrations.

In the higher concentrations the average error of spectro- 
chemical analysis is approximately =*= 10 per cent. The evalu
ation of spectrum-line blackenings by the usual interval of log 
E separation (6, 7) may be used with excellent results for 
quantities above 0.05 mg. of aluminum per 100 ml. of solution. 
The older method of evaluating weak spectrum lines by the 
method of opacity separation (6, 7) may also be used when 
background is present, provided the standards used to derive 
the curve had approximately the same intensity of background. 
This older method fails particularly in dealing with very weak 
lines in spectra having practically no background. In the 
latter case, the separations are too large, and consequently 
they yield low results. Although the bismuth 3024 line has 
been used as an internal standard it is also possible to use the 
2S98 line (7). When this is done the amount of bismuth 
added should be reduced to 5 mg. per 100 ml. Under these

conditions the 2993.4 line used for the evaluation of weak 
lines will be reduced in intensity to a level corresponding to 
that obtained with the aluminum 3082 A. line, when the range 
is from 0.01 to 0.05 mg. of aluminum per 100 ml.

Sum m ary

A spectrochemica! method and a chemical method are de
scribed for the determination of aluminum in biological ma
terial in the range of from 1 microgram to several hundred 
milligrams per sample.

The precision of analysis of quantities of aluminum in the 
range of 0.01 to 0.10 mg. per 100 ml. of solution by spectro- 
chemical means has been improved by correcting for back
ground fog. The method of background correction found 
most satisfactory entails the use of standard lines of the same 
degree of intensity as that of the aluminum line in the low 
concentration range. The average error of a single analysis 
in the low range is ±0.014 mg. of aluminum per 100 ml. of 
solution.

The chemical method, which equals the spectrochemical 
method in precision, consists of the isolation of aluminum as 
the phosphate, the removal of iron with cupferron, the 
subsequent development of an aluminum lake with Alizarin 
Red S, and the measurement of the mixed color by means of a 
photoelectric spectrophotometer.

T a b le  V. R e p r o d u c ib i l i t y  o f  F in d in g s  b y  S p e c t r o g r a p h ic

M e a n s

(Low concentration range)
Mean Error of

Concentration Spectra Single Analysis

M g./100 ml. M g ./100 ml.

0.03
0.04
0.08
0.13

6
G

11
10

± 0 .012
± 0 .010
±0.015
±0.019
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Barcroft-Warburg Manometrie Apparatus
U sage, R ecent D evelopm ents, and A pplications

JO H N  J . PE R K IN S ,1 Army Medical School, W ashington, D . C.

WHEN reference is made to the use of the Barcroft- 
Warburg respirometer in experimental methods it is 
usually understood that the apparatus consists of a manom
eter fitted with a removable sample vessel or flask, and a 

suitable constant-temperature water bath equipped with an 
efficient thermoregulator, stirrer, and shaking mechanism. 
There are essentially three standard types of manometers 
ordinarily used with this equipment. The first, and most 
common type, is referred to as the Warburg or constant- 
volume respirometer, so named on account of its extensive 
use by 0. Warburg and his colleagues at Berlin, although it is 
similar in design and construction to the original “blood gas 
manometer” employed by Barcroft and Haldane (6) in 1902.

Constant-Volume Respiromcter

The Warburg manometer, as illustrated in Figure 1, consists 
of a Pyrex U-tube with an outside diameter of 7 to 8 mm., care
fully selected for uniformity and precision of bore. For proper 
sensitivity, the internal cross section of the bore should be ap
proximately 1 sq. mm. The vertical arms of the tube are accu
rately graduated in millimeters from 0 to 30 cm., and the hori
zontal alignment of the graduations is of the order of 0.1 mm. 
At the base of the manometer a rubber reservoir and screw-clamp 
arrangement are attached, by which the level of the indicating 
liquid in the tube may be adjusted. One end of the U-tube is 
open to the air and the other end, as shown, is constructed with 
a horizontal arm for attaching a suitable vessel by means of a 
standard taper (T) interchangeable ground-glass joint. A three- 
way stopcock not only permits communication with the air but 
also serves for the introduction of different gas mix
tures into the respiring material, dependent upon the 
experimental requirements.

Each manometer of this type is equipped with a 
removable support or backing made of Monel metal or 
wood and also a special sleeve for attaching to the shak
ing mechanism of the thermostat as described below.
Such an arrangement has been found necessary in view 
of the fact that when the manometer is in its proper 
position the sample vessel must be completely immersed 
in the constant-temperature water bath.

Before making a reading on the Warburg type of 
manometer, the level of the indicating fluid in that arm 
of the U-tube connecting with the test vessel is always 
adjusted by means of the thumbscrew device to the 
same_ given point—for example, the 150-mm. mark. 
Readings are made on that arm of the manometer which 
is open to the air only, and the difference of pressure 
between the interior of the vessel and the outer air is 
thus obtained by subtracting 150 -from these readings.
From the reading of the manometer the volumes of gas 
absorbed or evolved by the respiring material can be 
calculated according to the following formula:

x = h

273

’ T + V, (or) 

Po
(1)

where

= cu. mm. of gas at standard temperature and 
pressure

= reading of manometer (change in height in 
manometrie graduations)

= free volume of gas in the vessel and manom
eter to the level of manometrie fluid 
(total volume of apparatus less volume 
of sample, liquids, and detachable sup
ports placed in the vessel)

T = absolute temperature of the water bath surround
ing the vessel

V/ — volume of all liquids in the vessel in which the 
measured gas might dissolve 

a = solubility of the gas being measured in the vessel 
liquid at temperature T (see Bunsen’s solubility 
table)

Po = normal pressure in terms of manometrie fluid (for 
Brodie’s solution, 10,000 mm.). Brodie's solu
tion may be prepared as follows: sodium chloride, 
23 grams; sodium tauroglycocholate, 5 grams; 
water to 500 ml. (10,000 mm. of this solution are 
approximately equivalent to 760 mm. of mer
cury).

In experiments where a constant volume of material is to 
be used, the quantity within the brackets in Formula 1 re
mains constant for a given vessel and is referred to as the 
vessel constant, k. The majority of vessels used with the 
Warburg respirometer possess volumes of approximately 15 
ml. and their respective constants usually range from 1 to 3. 
Therefore, if the vessel constant is known, it is only necessary 
to multiply the manometer reading by it to find the amount 
of gas evolved at standard temperature and pressure.

MacLeod and Summerson {55) have recently described a 
graphic method for determining Warburg vessel constants at 
various fluid volumes. This type of procedure eliminates the 
tedious computations and is, no doubt, conducive to greater 
accuracy, since a linear relationship exists between the vessel

1 Present address, "White Laboratories, Inc., Newark, N. J.
F ig u r e  1. W a r b u r g  C o n s t a n t -Vo l u m e  M a n o m e t e r  a n d  R e a c t io n
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shown in Figure 3. In this type of manometer also it is necessary 
to determine the apparatus constant, k, which may be derived 
from the following simplified formula:

F ig u r e  2. B a r c r o f t  D if f e r e n t ia l  M a n o m 

e t e r  w it h  F l a s k s

constant, k, and the volume of liquid in the vessel under ordi
nary conditions.

Barcroft Differential Respirometer

The second most popular type of instrument used in micro
respiration studies is, perhaps, the differential respirometer 
developed by Barcroft (5) in 1908. It is similar in construc
tion to that used earlier by Warburg (91) in measurements of 
the rapidity of ozonization. The differential manometer 
differs principally from the Warburg type by having one end 
not open to the air but connected to a second flask which, in 
turn, acts as a compensating vessel and thus eliminates errors 
due to slight changes of temperature or barometric pressure 
during the experiment.

An illustration of the Barcroft respirometer is shown in Figure
2. This is the form now generally employed and particularly 
recommended by Dixon and Elliott (22) for respiration studies 
and similar processes, in which the rate of the process rather than 
the total amount of gas absorbed is to be determined. No screw 
adjustment is required in this type of manometer, as the indicat
ing liquid is allowed to move freely in both arms of the U-tube 
and the readings arc made by simply noting the difference be
tween the readings of the two arms. The U-tube is constructed 
of Pyrex tubing with an outside diameter of 6 to 7 mm. and a bore 
of approximately 2 sq. mm. with graduations from 0 to 200 mm. 
(21). It is essential that this style of manometer be provided 
with two special flasks whose volumes are exactly equal to within
0.1 ml.; otherwise, the compensation will not be perfect and seri
ous errors may be introduced.

The type recommended by Dixon and Keilin (23) with a capac
ity of about 40 ml., has been found very satisfactory, since it is 
made with a removable side arm and hollow stopcock for intro
ducing acid or alkali during an experiment. This style of flask is

where
x
h
A
V/

V, = 
T =

V, = 

Po =

cu. mm. of gas evolved in reaction vessel (right flask) 
reading of manometer 
area of bore in manometer (sq. mm.) 
volume of gas space in compensating (left) flask, 

including manometer tubes to the level of mano
metrie fluid, normally kept at 100-mm. graduation 

volume of gas space in reaction vessel (right flask) 
absolute temperature of water bath 
solubility of gas being measured in vessel liquid at 

temperature T 
volume of all liquids in the vessel in which the meas

ured gas might dissolve 
normal pressure in terms of manometrie fluid

The Barcroft respirometer as modified by Dixon and 
Elliott (22) is preferred by a great many workers for meas
urements involving the oxygen uptake, the respiratory car
bon dioxide production, and glycolysis of tissue slices or 
homogenized tissue suspensions (26, 62, 77, 102).

Summerson Manometer

The third style of manometer in current use with the Bar
croft-Warburg apparatus is an ingenious device recently de
veloped by Summerson (88) and illustrated in Figure 4. It 
offers in a single apparatus the possibilities of either direct or 
differential manometrie measurements. For direct measure
ments it is the equivalent of two single manometers of the 
conventional Warburg type in which one arm of the manom
eter is open to the atmosphere. When used as a differential 
manometer it operates at constant volume, with the attendant 
simplification of differential measurement made possible by 
use of constant-volume vessel constants.

Readings on the Summerson manometer are made along 
the two inner arms which are graduated from 0 to 450 mm. 
The manometer fluid levels and vessel volumes are maintained 
constant at the calibration marks on the outer arms by the 
usual method of adjusting the pressure screw' device on the 
fluid reservoir. The 
differential readings 
are equally precise at 
any vessel pressure, 
and a sensitive ma
nometer fluid may be 
used for the determina
tion of small differences 
in pressure in the 
presence of relatively 
large total pressures.
This type of manometer 
is adaptable to a 
number of different 
manometrie proce
dures, each of which 
has heretofore required 
a separate type of 
in s trum en t .  I t  is 
particularly suited to 
the differential meas
urement of the oxygen 
consumption, respira
tory carbon dioxide 
output, and aerobic 
glycolysis in metabo- F ig u r e  3. D ix o n - K e i l i n

lism studies. F l a s k
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F ig u r e  5. B a r c r o f t -W a r b u r g  A p p a r a t u s  E q u ip p e d  w i t h  
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extending from 0 to 15 cm. in 1-mm. subdivisions. The experi
mental flask has two side arms situated 90° apart to facilitate the 
transfer of contents separately, and also a stopcock for the intro
duction of different gas mixtures if needed. Sodium hydroxide 
may be placed in one side arm to absorb carbon dioxide and the 
other may contain any reagent which it is desired to introduce 
during the experiment. The volume of each flask is approxi
mately 15 ml., although flasks possessing smaller volumes can be 
used with a resulting increase in sensitivity. This instrument 
also requires the use of a constant-temperature water bath similar 
to the one described above.

As oxygen is consumed in the experimental flask the index drop 
is drawn along the capillary tube, the carbon dioxide being ab
sorbed in the alkali. If the gas spaces in both flasks are equal, 
the loss of gas due to absorption in the one is shared equally by the 
other in order to keep the pressure equal on both sides of the index 
drop. The drop, therefore, moves through a volume of capillary 
equivalent to one half the volume of the gas absorbed.

Fenn (29) has clearly presented the theoretical principles 
governing volumeter measurements and further description 
is not necessary. However, with the differential volumeter a 
greater sensitivity can be obtained (to 0.001 ¿tl.) without 
reducing the volume of the vessels to inconvenient sizes. It

F ig u r e  6. F e n n  D if f e r e n t ia l  V o l u m e t e r

Cons lan  t-T empera- 
liire Bath

Close and reliable tem
perature control is of the 
utmost importance in the 
Barcroft-Warburg proce
dures, since the apparatus 
is arranged to measure 
kinetically the oxygen con
sumption as a function of 
time under conditions of 
constant temperature and 
atmospheric pressure. Pre
cise temperature control of 
the bath or thermostat to 
±0.02° C. or better is ac
complished by means of an 
efficient metastatic mercury 
or bimetal thermoregulator, 
a sensitive relay, motor 
stirrer, and an immersion 
heater arranged to provide 
a symmetrical distribution 
of heat throughout the bath.

As shown in Figure 5, the 
shaking mechanism operat
ing on ball-bearing rollers is 
an integral part of the as
sembly and permits the 
attached manometers to 
move through the bath with 
a horizontal reciprocating 
motion, thus allowing read
ings to be made without 
stopping the shaking action. 
By means of a rheostat con
trol various speeds of shak
ing up to about 200 complete 
oscillations per minute with 
an adjustable amplitude of 
movement from 0 to 4 cm. 
can be obtained, and, pro
viding the shaking mech
anism is driven by a 
synchronous motor, any 
speed selected will be con
stant regardless of varia
tions in load or line voltage. 

Dixon and Elliott (22) demonstrated that the rate of shak
ing is a very important factor, especially when studying the 
velocity of oxygen uptake of materials such as baker’s yeast.

F ig u r e  4. 

C o m b in a t io n

S u m m e r s o n

M a n o m e t e r

Recent Developments and Modifications

One of the most widely used and versatile modifications of 
the Barcroft-Warburg apparatus is the differential volumeter 
devised independently by Fenn in 1927 (28) for the measure
ment of cellular respiration and other processes. This highly 
sensitive instrument is illustrated in Figure 6. It operates 
upon the volumetric rather than the manometrie principle 
and is similar in construction to the differential volumeter 
first introduced by Thunberg in 1905 (87), and later modified 
by Winterstein (99) and Widmark (98).

The instrument consists essentially of a control flask and an 
experimental flask connected by a capillary tube containing an 
index drop of kerosene stained with Sudan III dye to improve its 
visibility. The capillary is constructed of precision-bore Pyrex 
tubing with an internal cross section of approximately 0.3 sq. 
mm. (to contain 3 cu. mm. per cm. of length), and graduations
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F ig u r e  7. F l e is c i im a n n -Am in c o  F e r m e n t o m e t e r

is simple in operation, less expensive, more compact, and can 

be depended upon to yield results equal to the manometric 

methods in convenience and precision.

The subject of volumetric versus manometric methods for the 
determination of gas production has been discussed thoroughly by 
Eisenberg (25). Jares (41), Martin (56), and Burkholder (16) 
have used the differential volumeter for determinations of the 
respiratory quotient and oxygen consumption of certain bacteria 
and tissues. Recently Goodwin and Goddard (34) were highly 
successful in using the Fenn apparatus for measuring accurately 
the gaseous changes which take place between isolated woody 
tissue sections and their environment. They found the apparatus 
to be sensitive to 0.15 eu. mm. of gas per hour at 25° C. Schmitt 
(69) modified the differential volumeter for still higher sensi
tivity and applied it to the determination of the oxygen con
sumption of stimulated nerve. Gerard and Hartline (32) modi
fied this instrument by taking advantage of the greater stability 
afforded by reducing the tissue chamber to capillary dimensions 
(0.5 to 1.2 mm. diameter) and placing this inside a relatively 
large "differential” chamber. Index drop movements, observed 
with an ocular micrometer, were consistent over 5-minute inter
vals, with volume changes of the order of 0.01 cu. mm.

A further development of the capillary method has recently 
been made by Tobias and Gerard (88), so that it is now conven
ient to follow the respiration of ten tissue samples at once, and it 
is possible to measure absolute gas volume changes of 0.001 cu. 
mm., minute by minute, with an error of some 8 per cent minute 
by minute; for longer intervals the error is less than 1 per cent. 
With the capillary microrcspirometcr the reliability of Q02 
values is limited by the accuracy of estimation of the amount of 
respiring material. (QOa is the symbol for respiration rate and 
may be defined as the number of cubic milliliters of oxygen ab
sorbed per hour per milligram of dry might of tissue at standard 
temperature and pressure.)

Another form of microrespirometer operating upon the differ
ential volumeter principle has been developed by Thimann and 
Commoner (86). It permits volumetric readings to be made at
1-minute intervals and is very sensitive to small or transient 
changes in respiration rate (a drop movement of 1 mm. indicates 
a volume change of about 0.06 cu. mm.). It  is capable of gen
eral use with small amounts of biological materials, tissues, or 
organisms, and provides for convenience in manipulation.

Asymmetrical differential respirometers have been constructed 
by Duryee (24) and by Victor (90), with somewhat lower sensi
tivities (0.1 and 0.01 #¡1., respectively). Stefanelli (52) has de
scribed an instrument similar to that of Victor, with a sensitivity 
of 0.003 jul. for measuring the effect of cleavage on the respiration 
of a single egg of Rana fusca. Laser (52) and Meier (57) used a

modified Warburg respirometer with a sensitivity of 0.1 jul- for 
the measurement of the respiration of tissue cultures of Droso
phila melanogasler.

A novel type of respirometer was developed by Heatley, Beren- 
blum, and Chain (37), which permits the measurement of gas 
exchanges of the order of 1 cu. mm. per hour with a systematic 
error not greater than that involved in the usual manometric 
methods. The material to be studied is enclosed in a glass 
chamber equipped with a mica diaphragm. The pressure 
changes taking place in the vessel are compensated by external 
pressure applied by a manometric device. The point of com
pensation is determined with the aid of a sensitive optical indi
cator system involving a pair of small mirrors attached to the 
mica diaphragm. Gerard (31) modified the usual form of War
burg apparatus by immersing in the thermostat the entire ma
nometer including all gas space, thus permitting the use of smaller 
vessels with a consequent increase in sensitivity.

The new Fleischmann-Aminco fermentometer (70), shown in 
Figure 7, appears to be the most recent development and modifi
cation of the Warburg apparatus. This instrument has been 
used by a number of laboratories, principally for the determina
tion of vitamin Bi (thiamine) according to the yeast fermentation 
method (71, 72). It may be used, however, in any experimental 
work in which it is desired to collect the gas from a fermenting 
solution (73-75). The rate of fermentation is measured by the 
amount of gas evolved in a given time interval. The fermen
tometer presents no new departures in principle from other forms 
of manometric apparatus, nor does it achieve new values in ac
curacy, sensitivity, or ability to deal with minute quantities of 
material,

Linderstr0m-Lang (53) first suggested the use of the Cartesian 
diver, illustrated in Figure 8, as an ultramicromanometer and de
tails of the method were presented in a later communication
(54). A thorough discussion of the principle, technique, and 
procedure for making the divers will be found in the work of 
Boell, Needham, and Rogers (11). The delicacy of the instru
ment and method can be readily appreciated by the fact that 
whereas 1 cm. on the Warburg manometer scale corresponds to a 
gas exchange of about 20 cu. mm., 1 cm. on the diver manometer 
scale corresponds to a gas change of about 0.008 cu. mm. The 
actual sensitivity of the Cartesian diver is approximately one- 
fifth of this value; it is 1500 times more sensitive than the stand
ard Warburg manometer. This instrument has been success
fully used for determining the carbon dioxide output, ammonia 
output, and the respiratory quotient in morphogenesis and 
metabolism studies of amphibian gastrula.

Another modification of the Warburg manometer, of particular 
interest to the organic chemist, is the apparatus developed by 
Kuhn and Moller (50) for the exact determination of the number 
of double bonds of highly unsaturated or very slowly hydro
genated substances. The method described measures the hydro
gen used up by the substance against a comparison substance 
under exactly similar conditions. The accuracy attained is such 
that after hydrogenation for a period of 40 hours an error of 
=±=0.5 per cent is not exceeded.
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Apparatus

Gas Change per 
Cm. Manometer 
Scale, Cu. M m . Author

Refer
ence Date

Standard Warburg 
manometer

20 Warburg
Dixon

(95)
(20)

1926
1934

Warburg microma
nometer 3-7

Laser
Meier

(62)
(67)

1932
1931

Fenn volumeter 3-4 Fenn

Schmitt
Duryee

(28)
(29)
(69)
(24)

1927
1935 
1933
1936

Capillary micro
manometer 1.8-2.3

0.06-0.12 
0.001 (sensitivity)

Gerard and Hart- 
line 

Victor 
Stefanelli 
Tobias and 

Gerard

(32)
(90)
(82)

(88)

1934
1935 
1937

1941

Krogh-microma-
nometer 1.6 Bodine and Orr (10) 1925

Differential
volumeter

0.6 Thimann and 
Commoner (86) 1940

Micromanometer 
with mica mirrors 
optically read 0.08-0.04

Heatley,
Berenblum, and 
Chain (87) 1939

Cartesian diver 
ultramicroma
nometer

Linderstr0m-Lang 
0.008-0.02 Linderstrdm-Lang 
0.001 (sensitivity) Boell, Needham, 

and Rogers

n

( w

1937
1938

1939
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A comparison of the sensitivity of the various micro
respirometers mentioned is presented in Table I. The 
amount of gas exchange per centimeter on the manometer 
scale is given for each type of apparatus.

Accuracy and Precision of Results

In discussing the accuracy of the Warburg techniques, it 
may be said that the readings are usually significant to the 
nearest 0.5 mm., thereby permitting the detection of volume 
changes of the order of 0.5 /tl. (0.0005 ml.). However, by 
means of certain refinements and modifications, such as the 
use of special micromanometers with a fine capillary bore 
(less than 1 sq. mm.) and vessels of smaller capacity (less 
than 5-ml. volume), and by making microscopic manometric 
readings, this delicacy of measurement may be increased some 
fifty to one hundred times.

It has been estimated by Dickens and Simer (19) and 
Dixon (20) that the total errors inherent in manometric 
methods of this type usually amount to approximately 2 per 
cent. The determination of the vessel constant is probably 
the most accurate part of the technique. With the standard 
style of Barcroft differential manometer it is possible to de
termine the apparatus constant, k, according to Equation 2 
with an accuracy of at least 0.5 per cent. When a vessel 
constant becomes as large as 10, the accuracy with which the 
reading may be interpreted becomes only 0.1 as great as when 
the constant is 1, and each graduation will represent an in
ternal change of 10 and 1 cu. mm., respectively.

Singh and Mathur (76), using a Barcroft respirometer, 
found the accuracy of the apparatus to be =»=1.25 per cent, 
when used for quantitative determinations of known amounts 
of carbon dioxide liberated by adding measured amounts of 
standard acid from the vessel side arms to an excess of a bi
carbonate solution contained in the main part of the vessel. 
When applied to the determination of a specific substance, 
such as carbon monoxide in blood, the Barcroft-Warburg ap
paratus compares favorably with the well-known referee 
method of Van Slyke and Neill (89). The average discrep
ancy between these two methods according to Roughton 
(66) was found to be 0.06 volume per cent carbon monoxide 
(= 0.3 per cent COHb), and in over thirty replicates by the 
Barcroft method the average discrepancy was 0.12 volume 
per cent carbon monoxide (= 0.6 per cent COHb).

Johnston and Frey (43) found that by using the same reac
tion vessel for each measurement and carefully controlling 
conditions, a precision of 1 per cent could be easily attained 
with the Barcroft-Warburg equipment in measuring the 
autoxidation induction periods of fatty oils. This study pre
sents an interesting feature in that the determinations were 
made at 100° C., thus indicating that these methods can be 
extended to elevated temperatures with convenience and 
relatively good precision. Corbet and Wooldridge (18) in
vestigated the accuracy of the Barcroft differential manom
eter in respiration studies and concluded that single or even 
duplicate experiments should be accepted with caution. The 
experiments should be replicated sufficiently and continued 
for long enough periods to give a standard error of 5 per cent. 
The direct method of Warburg in metabolism experiments 
has been criticized by Brock, Druckrey, and Richter (13) on 
the grounds that when intensive respiration is to be expected 
(as in the oxygen consumption of eggs) the manometer drops 
slightly or rises but very little, thus indicating the formation 
of some compensating gas. The source of error was found to 
be carbon dioxide formed from sodium bicarbonate by fixed 
acids, the absorption of carbon dioxide not being instantane
ous as is generally assumed.

In summarizing the ultimate factors affecting the accuracy, 
sensitivity, and speed of response of the Barcroft-Warburg 
apparatus may be mentioned the limitations arising from:

Manometer

Flotation medium 
(lithium chloride) 
-Air

d-Oil

Gas space 
Total vol. 
about 24- X

SXHoltfreter 
solution 

Tissue 

Glass tail

Fine adjustment

■0 Coarse adjustment

F ig u r e  8. C a r t e s i a n  D i v e r  (B)

Inability of the oxygen to diffuse with sufficient rapidity from 
the gas into the liquid phase.

Speed of shaking—rate of uptake must be independent of rate 
of shaking.

Insufficient rate of absorption of carbon dioxide by the alkali 
present (see work of Dixon and Elliott, 23).

Use of flasks of improper design and shape, thereby inhibiting 
free diffusion of gas into liquid.

Diffusion of gases through ground-glass joints.

Practically all the methods employing the Barcroft-War- 
burg apparatus are based upon the assumption that oxygen 
and carbon dioxide are the only gases produced or absorbed. 
Such a statement may be accepted as correct except in the 
case of certain bacteria, which may evolve hydrogen and other 
gases; in these instances the methods may be of little value. 
The presence of excretory nitrogen has also been shown to 
exert a marked effect on the measurements of the respiratory 
quotient of single cells or small groups of cells (80).

Methods of Measuring Respiration

The present manometric methods for measuring oxygen 
consumption may be classified into two groups—namely, those 
in which the oxygen uptake is measured directly, and those in 
which it is obtained by indirect calculation. (A detailed ac
count of the methods developed by Warburg will be found 
in the excellent review by Krebs, 48.) The direct method 
(14, 17) is, perhaps, the most widely used because of its sim
plicity and suitability for following the course of the oxygen 
absorption of a substance.

It is assumed that oxygen is consumed and carbon dioxide 
is produced during the course of the experiment. The presence 
of alkali in the inset (central well) of the respiration vessel (see 
Figure 1) keeps the carbon dioxide tension at zero. A decrease 
in pressure in the vessel is converted into an equivalent volume 
assumed to be that of the oxygen consumed. The comparison of 
pressure values obtained in the manner indicated above and 
those obtained similarly from a vessel in which no alkali is pre
sent gives, presumably, the increase in pressure due to the libera
tion of carbon dioxide, and these values are in turn converted into 
the equivalent volumes of carbon dioxide produced.

The indirect method (1,92,94,96), on the other hand, indicates 
the total amount of respiration during a definite period, and 
enables the oxygen to be measured in bicarbonate solutions,



and by working out the results for a number of successive 
periods, the course of the reaction can be followed.

The respiratory carbon dioxide is not absorbed in this technique 
but advantage is taken of the fact that carbon dioxide is more 
readily soluble than oxygen in water. Therefore, the manometer 
readings will be the resultant of the oxygen absorption and the 
carbon dioxide production. Three Barcroft or Warburg ma
nometers and vessels are required in this method for a single 
experiment, one set being used as a thermobarometer. The 
other two vessels contain equal amounts of the respiring material 
suspended in unequal amounts, 3 and 8 ml., respectively, of a fluid 
medium such as 0.025 M bicarbonate-Ringer solution or the 
physiological salt solution recommended by Krebs and Henseleit

If the sample of material consists of excised tissue slices, these 
may be sectioned to the proper thickness (4.7 X 10“ 2 cm.) ac
cording to Warburg’s technique (93), or by the method of 
Thomas and DeEds (85), usually, 20 to 50 mg. of moist weight 
are taken. Samples such as a homogeneous suspension of yeast 
cells or bacteria may be prepared in bicarbonate-Ringer solution 
and the two different volumes measured directly into the vessels. 
The flasks used in this particular technique must be equipped 
with venting plugs and outlets for passing in a gas mixture con
sisting of 95 per cent oxygen and 5 per cent carbon dioxide. This 
not only keeps the bicarbonate-Ringer solution in equilibrium 
with the gas mixture but prevents the precipitation of calcium 
carbonate as the solution becomes alkaline upon exposure to the 
air.

If h and H  are the respective readings for the same time 
interval, and assuming that the respiration rate of the sample 
is the same in both manometers, the following relationship 
may be expressed, where k and K are the respective vessel con
stants:

Oxygen uptake = fê co»---SJ?1
«CPI _  JVCQ;

kot I<o,

C02 evolution =
fcoi _  -ftp» 
kcoi Kco,

By the application of the same 
principle, carbon dioxide assimilation 
as compared with respiration, fer
mentation as compared with respira
tion, and butyric acid fermentation 
as compared with lactic acid fer
mentation can be measured mano- 
metrically. The indirect method has 
been of considerable value in the 
study of animal tissue respiration 
under physiological conditions, es
pecially in the investigation of 
tumors. It has been improved upon 
by Dickens and Simer (19) and more 
directly by Dixon and Keilin (S3).

A brief outline of the various steps 
involved in making concurrent meas
urements of the oxygen consumption 
and carbon dioxide production ac
cording to the direct method may 
be given as follows:

1. Determine experimentally the 
time periods required for temperature 
adjustment. (This can be done by 
placing the vessels in the bath under 
experimental conditions and observing 
the time necessary to bring the mano
metrie fluid to a constant level with 
the stopcock of the manometer closed.)

2, _ Place in the side arm of the flask a 
definite amount of a dilute acid, usually
0.5 ml. of N hydrochloric acid, and 0.2
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ml. of 30 per cent potassium hydroxide in the adjacent side arm or 
the central well (mset) of the flask. (This step of the procedure 
can be modified to meet the individual requirements of the ma
terial being studied and will vary with the type of vessel used.)

3. Assemble the manometer and flask and attach to the 
shaking mechanism, thus submerging the flask in the thermostat. 
Shake for about 10 minutes to allow the system to become 
equilibrated at the desired temperature.

4. Remove the unit from the shaker, detach flask, and insert 
sample of respiring material into main compartment of vessel. 
Then reassemble the unit and return it to the shaker. Record 
time A as soon as the sample is placed in the vessel and regard 
this as the beginning of the period of carbon dioxide production.

5. Shake for 3 minutes to allow respirometer to reach tem
perature of bath, then adjust indicating fluid to the 150-mm. 
mark, and note reading B, on the open arm of the manometer, 
together with time C. Close stopcock. C is regarded as the 
beginning of the period of oxygen consumption. The apparatus 
is then allowed to operate for the duration of the experiment.

6. Record time D at the termination of the oxygen con
sumption period and then adjust the manometer fluid to the 
150-mm. mark, followed by reading E. The length of the oxygen 
consumption period will then be D — C; the amount of oxygen 
consumed will be represented by B — E.

7. Remove manometer from shaker and turn the unit in such 
a position as to permit the acid in the side arm of the vessel to 
flow into the alkali, thus liberating the carbon dioxide absorbed. 
Return manometer to thermostat and shake again for 3 min
utes. Adjust indicating fluid, followed by reading F and time
G. G marks the end of the period of carbon dioxide production.

In making a series of determinations with the Warburg respir
ometer, a control unit without respiring material (thermobarom
eter) must be subjected to the same conditions, reagents, and 
treatment as the series. This provides a correction for any 
temperature and external pressure changes during the experi
ment and for any dissolved carbon dioxide in the reagents.

Consideration must also be given to certain other factors 
if the above-mentioned methods are to represent the true 
respiration of the tissue slice or cell suspension in question. 
As previously stated, the kinetics of gas-liquid reactions can
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T a b l e  II. A p p l i c a t i o n s

Material Studied
Function
Measured Apparatus Used Accuracy

Refer
ence Date

Amino acids CO j evolved Warburg (68) 1938
Arginasc (blood)

Ascorbic acid oxidation

CO j evolved 

Oj uptake

Warburg

Barcroft

0.003 mg. 
urea (.97)

(7)
1934
1936

Bacterial growth O j uptake Warburg (36) 1941
Beer oxidation O j consumed Warburg

Dixon-Keilin
(51) 1940

Carboxylase CO j evolved (35) 1941
Catecholase Oi absorption 

COj evolved
Barcroft ±2-3% (58) 1941

Coenzyme I (tissues) Warburg 10% (3) 1939
Coffee oxidation 0* absorbed Warburg (42) 1938
Cozymase COj evolved Warburg ±0.03 tig. (40) 1941
Enzyme purification Oj uptake W  arburg (4.0,27) 1935
Fatty  acid oxidation Oj uptake Warburg (8, 59) 1938
Fatty  oils oxidation Oi absorption Warburg i% (43) 1941
Germicides (evaluation) Oj uptake Warburg (36) 1941
Glutathione (tissues) COj production Warburg

f ł
(100) 1935

Glyoxalase CO j production Warburg (60) 1934
Gases (microanalysis) N2 fixation 

Oj absorption Warburg (15) 1932
Grains (cereal) CO j/O j Warburg (84) 1942
Hydrogen transport (mech

anism) O j uptake Warburg (61) 1940
Hydrogenations (microcat- 

alytic) H j absorption Barcroft (mod.) * 2% (39) 1930
Insulin and carbohydrates R . Q. Warburg (38, 81) 1940
Narcotics (brain tissue) QO j absorption Barcroft (63) 1934
Nitrifying bacteria Oj consumption Warburg (12) 1939
Phenolase (plant tissues) Oj absorption Warburg 2 '. 5 % (67) 1935
Photosynthesis (algae) Oj/C O j Warburg (30) 1940
Sewage eflluents O j absorption Barcroft (101) 1936
Sulfonamide compounds 

(bacterial metabolism) Oj consumption Warburg (47) 1940
Soils (CO* content) CO j production Barcroft (79) 1932
Tea fermentation O j uptake Warburg (64) 1941
Thiamine (biological ma

terials)

Tubercle bacilli (metabol
ism)

COj production 

O2 consumption

Warburg

Fermentometer 
W  arburg-Summerson

Warburg

102-105%
recovery

2%
2%

(33)
(70)
(44)

(46)

1941
1942 
1942

1939
Unsaturated compounds H j absorption Warburg O'. 5% (50) 1934
Urease activity CO j production Warburg (78) 1941
Volatile substances soluble 

in water Ether Warburg (45) 1937
Wheat respiration Oj uptake Fenn (2) 1938
Wood sections Oj consumption Fenn (34) 1940
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be recorded manometrically only if the rates so observed are 
independent of the speed of shaking of the vessel and of the 
relative volumes of the liquid and gas phases. Otherwise, 
the observed rates are dependent upon the speed of diffusion 
of dissolved gas between the two phases and also on the true 
speeds of the chemical processes.

Allowance can be made for the effect of diffusion in mano
metrie experiments by assuming the existence of a stationary 
film of liquid, at the boundary between the liquid and gas 
phases, diffusion through winch determines the rate of ex
change of gas between gas and liquid. Roughton (65) has 
developed an excellent method of allowing for the influence 
of diffusion in manometrie measurements by carefully study
ing the kinetics of carbon dioxide uptake and output by buffer 
solutions, in the presence of carbonic anhydrase. The 
method is based upon the stationary film theory of gas-liquid 
interchange which states that when solution of a gas occurs 
without any chemical reaction

Rate of gas uptake =  A (C; — Cl) (3)
O

where

Di — diffusion coefficient of dissolved gas
5 =  thickness of stationary film
A =  area of stationary film in sq. cm.
Ci =  concentration of dissolved gas at the outer surface 

of the stationary film = a  P i 
a  — solubility coefficient of the gas in the liquid 
Pi =  pressure of the gas in atmospheres 
Cl =  average molal concentration of the dissolved gas in 

the bulk of the liquid phase

Equation 3 is also valid for the liberation of dissolved gas 
from liquid.

Applications

The applications and general usefulness of the Barcroft- 
Warburg apparatus as an analytical tool for biological and 
chemical research can hardly be overemphasized. While the 
greater majority of workers utilizing this instrument have 
been interested chiefly in purely biochemical or physiological 
problems, it nevertheless has been and can be used to con
siderable advantage by workers in allied fields. Typical ex
amples of the diversified applicability of this equipment will 
be found in Table II. It is not the purpose of this paper 
to present a complete bibliography, but rather to provide a 
list of the more important key references and thereby assist 
the analyst and potential user to select those methods par
ticularly suited to his problems.
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Microdetermination of Carbon in Steels
M odification o f the Standard Carbon-Hydrogen Train

EA RL  W . BALIS , H ERM A N  A. L IE B H A FSK Y , a n d  EA R L  H . W IN SLO W  

Research Laboratory, General E lectric Com pany , Schenectady, N . Y.

IN JUNE, 1940, the Metallurgical Section of this laboratory 
asked the authors to determine low percentages of carbon in 

small samples of Nichrome for the purpose of establishing 
whether certain segregations formed in this alloy during 

service were carbides or nitrides.

Since the amounts of carbon involved were far too small for the 
macrocombustion method, the authors developed a micromethod 
by introducing a quartz furnace into the standard carbon-hydrogen 
train (2) just before the Supremax combustion tube (universal 
filling). A modification of some sort is necessary because com
bustion in ordinary' microanalysis occurs at temperatures far be
low the minimum of 1100° to 1150° C. advisable in the case of 
steels. More recently, Smoluchowski (3) requested carbon de
terminations on small samples to corroborate routine analytical 
results obtained in connection with experiments on the diffusion 
of carbon in steel. For this work, the authors modified the stand
ard microtrain in another way—by slipping a furnace directly 
over the first part of a standard quartz combustion tube.

Both modifications eventually gave satisfactory results and 
promise to be particularly useful when such carbon deter
minations are made only rarely, so that the setting up of a 
special train is not warranted. The micromethod of Klinger, 
Koch, and Blascliczyk (1) requires a special train.

Experimental

A u x i l i a r y  C o m b u s t io n  T u b e .  The quartz auxiliary com
bustion tube (Figure 1) was calibrated with a thermocouple in 
the position of the boat, G. Standard microchemical technique 
was observed throughout except for the following details. Granu
lated tin served as accelerator. A  weight of tin equal to half the 
weight of sample sufficed, although much more was occasionally 
added. Before steel samples were run, the train was conditioned 
by burning an unweighed primer of sugar in the conventional 
way. The auxiliary combustion tube was heated to 900° C . in

10 minutes and to 1150° C. in 25 minutes. The steel sample 
usually began to burn with a bright glow 3 or 4 minutes after 
heating was begun. After 30 minutes of heating time had 
elapsed, the current was interrupted, and the train was flushed 
for 20 minutes more. An oxygen flow of 5 cc. per minute was 
maintained for the entire 50-minute period; during the combus
tion of the larger samples, the rate at which oxygen was intro
duced had to be increased in order to maintain this constant flow. 
Suitable blank corrections were determined from time to time on 
boats containing tin. These corrections, usually near 40 micro
grams of carbon dioxide, were applied to the analytical results, 
which are given in Table I.

The reliability of the method is shown by the last three re
sults, which were obtained on a standard low-carbon steel. 
Furthermore, the carbon content of the Nichrome samples

T a b l e  I. R e s u l t s  w i t h  A u x i l i a r y  C o m b u s t io n  T u b e

(Small Nichrome samples)

Sample Sample Weight Tin Carbon

Mg. Mg. %

318A 4.19 34 0.4
322D 3.84 32 1.3
325G 4.10 37 1.1
326A 4.00 24 2.0

2.24 44 2.0
2.14 20 2.1
3.81 36 2.2

327D 3.95 33 0.7
3.75 36 0.7

328C 4.40 29 1.8
2.99 32 1.6

329F 4.49 37 2.5
51690° 23.8 24 0.24

46.0 46 0.26
20.6 19 0.26

a 0.28% C by routine macromethod on this low-carbon steel.
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F ig u r e  1. C r o s s  S e c t io n  o f  A u x il ia r y  (Q u a r t z ) C o m b u s t io n  T u b e

A. Bubble counter
B. Impregnated tubing
C. Corks faced with A1 foil
D . Air jets
E. Nichrome tape, 0.025 X  0.16 X  84 cm.
F. Gold foil baffles 
Q. Porcelain boat 
//. Asbestos tape
I .  Microcombustion tube

F ig u r e  2. P lo t  o p  G r a p h ic a l l y  O b t a in e d  

D e v ia t io n s

Micro results 
Macro results

paralleled the amount of the segregated phase shown by the 
corresponding photomicrographs. This phase could have 
been only a carbide or a nitride, and nitrogen analyses proved 
this element to be virtually absent.

When the work was begun, devitrification of quartz and 
failure of the Nichrome heating units were expected; 20 hours 
of operation between 900° and 1150° C., however, did not 
impair the usefulness of the furnace.

S le e v e  F u r n a c e .  In the hope of simplifying the apparatus, 
a platinum-wound furnace (9 cm. long) was constructed so that it 
could be slipped over the end of a standard quartz microcom
bustion tube with 0.5-mm. clearance. During the combustion 
period, this furnace was placed 0.5 cm. from the entrance end of 
the long furnace in the microtrain; the sample boat was thus in 
the position prescribed for the regular carbon and hydrogen 
microanalysis. A platinum baffle and an air jet were used to 
protect the cork at the entrance of the combustion tube. With 
this sleeve furnace, 1150° C. was reached in 5 minutes and main
tained for 25 minutes more; otherwise the manipulation was 
identical with that described above.

The authors soon discovered that the standard quartz com
bustion tube (walls about 0.8 mm. thick) was too thin for opera
tion at 1150° C. After one failure due to external devitrification, 
quartz of 1.5-mm. wall thickness was used for the first section of 
the tube; operation thereafter was satisfactory. The results ob
tained with the sleeve furnace are given in Table II.

In the analysis of the diffusion specimens, high accuracy 
was sought. Sincje the specimens for the microdetermination 
were taken from between others on which careful macroanaly

ses had been done, it. 
proved possible to com
pare the two methods by 
measuring the deviations- 
from a smooth curve 
drawn through the car
bon contents of all 
samples (Figure 2).

The accuracy of 
results in Table II 
be summarized on 
basis of the average dif
ference between the 
amount of carbon found 
and the carbon content 
of the sample calculated 
from the per cent ob
tained on the smooth 
curve referred to above. 
This average difference 
for the first ten results in 

Table II amounts to only 13 micrograms of carbon, in spite 
of the fact that absolutely uniform samples could not be ob
tained. If the worst value (0.488 per cent on Sample A1F) is 
discarded, the average difference for these ten results drops to 
7 micrograms of carbon. The average difference between the 
carbon found and the true value for the Bureau of Standards 
sample is 3 micrograms of carbon. On the basis of the latter 
figure, 0.1 per cent carbon in a 100-mg. sample of steel can be 
determined within ±0.003 per cent.

T a b le  II. R e s u l t s  f o r  D i f f u s i o n  S p e c im e n s  o f  O r d i n a r y

L o w -Ca r b o n  S t e e l

Sample
Sample
Weight Tin Carbon

Average
Carbon

M q. Mg. % %

A1F 17.15 30 0.514
0.501

106.5 50 0.488
A1G 25.97 30 0.471

0.465
100.1 50 0.459

A1H 103.9 50 0.345 0.354
105.0 50 0.363

A2D 105.6 50 0.445 0.449
102.2 50 0.453

A2E 104.9 50 0.344
0.347

49.90 25 0.349
B. S. 13C« 14.12 30 0.539

102.9
105.3

50
50

0.574
0.571

a Bureau of Standards sample ■» 0.573% C.

Sum m ary

1. The standard carbon-hydrogen microapparatus can be 
readily adapted to the microanalysis for carbon in low-carbon 
steels or Nichromes.

2. In a 100-mg. sample of steel 0.1 per cent carbon can be 
determined within ±0.003 per cent.

3. The method is particularly useful where only a few 
samples are to be analyzed at rare intervals.

4. No attempt was made to speed up the determinations.
5. The usual quartz combustion tubes are not suitable for 

continued use at 1150° C.

Literature Cited

(1) Klinger, P., Koch, W., and Blaschczyk, G., Angew. Chem., 53,
537 (1940).

(2) Niederl, J. B., and Niederl, V., “Organic Quantitative Micro
analysis”, pp. 80-113, New York, John Wiley & Sons, 1938.

(3) Smoluchowski, R., Phys. Rev. (in press).



Ultramicromethod for Sodium Employing 
the Polarograph

C H R IST O P H E R  CA RRU T H ERS 

Research D epartm en t, The Barnard Free Sk in  and  Cancer H osp ita l, S t. Louis, M o.

IN INVESTIGATIONS of the chemical composition of 
isolated mouse epidermis, and of that epidermis under

going carcinogenesis by methylcholanthrene (3, 7), the very 
small amounts of tissue available necessitated the adoption of 

micromethods for the determination of most constituents. 
This was especially true for sodium. For that metal, a polaro- 
graphic technique was devised which depends upon the fact 
that sodium zinc uranyl acetate in dilute hydrochloric acid 
solution can give well-defined diffusion currents which are 
directly proportional to the concentration of the triple acetate 
salt.

Apparatus and Reagents Used

Ileyrovsky polarograph, model X I (E. H. Sargent & Co.).
Redistilled water for sodium standards, washing, and other 

operations, prepared in an all-glass (Pyrex) apparatus.
Zinc-uranyl acetate solution, prepared according to the method 

of Barber and Kolthoff (1). This solution was saturated with the 
triple acetate salt and filtered just before use through a sintered- 
glass disk covered with a layer of asbestos.

Wash solution, made by saturating 95 per cent alcohol with 
sodium zinc uranyl acetate, and filtering immediately before using 
as described above.

Asbestos (“Italian washed and ignited”), ground fine in a mor
tar, washed on a sintered-glass filter, and suspended in redistilled 
water.

Experimental

The calibration data (Table I) were obtained from solutions 
of carefully prepared sodium zinc uranyl acetate in 0.5 N 
hydrochloric acid. The values m and t (where in is the rate 
of flow of mercury from the capillary, expressed in mg. per 
second, and t is the drop time in seconds, 4) were measured in 
0.5 N hydrochloric acid at a potential of —0.6 volt with re
spect to the saturated calomel electrode. The diffusion cur
rent, id, was found proportional to the concentration, C, of 
sodium zinc uranyl acetate over a range of 0.1625 to 0.975 
millimolar, with or without caffeine. This compound easily 
suppressed occasional maxima. These were, however, of such 
rare occurrence that the diffusion currents could be measured 
with or without the alkaloid. The diffusion current and the 
ratio id/C for any particular concentration were significantly

T a b l e  I. C a l ib r a t io n  D a t a  f o r  S o d iu m  in  S o d iu m  Z in c  U r a n y l  A c e t a t e

Various concentrations of sodium zinc uranyl acetate in 0.5 N  hydrochloric acid at 25° C. Air re
moved from solutions with nitrogen, h =  65 cm. Diffusion currents measured at a potential of —0.6 
volt with respect to saturated calomel electrode. W ith  caffeine t =* 3.385 sec., =  2.794 mg.1/1
aec. ”,/a. W ithout caffeine I — 3.512 sec., «=» 2.904 mg.*/* sec. ~I/J.

Sodium Zinc Uranyl 
Acetate

------------------ id—
Observed Corrected

-------id/Q -------

Sodium W ith W ithout W ith W ithout W ith W ithout
M illimolar equivalent

Micro-

caffeine caffeine caffeine caffeine caffeine caffeine

çrams/cc. Microamperes Microamperes Microamp./mmole/1

0 .0 0 .2 0 0 ° 0 .2 0 9 °
0 .1 6 2 5 3 ! 47 1 .23 9 1 .3 4 8 1 .0 3 9 i .’ Î3 9 6 .3 9 7 .0 1
0 .2 6 0 5 .9 8 1 .871 i .6 7 1 6 .4 2
0 .3 2 5 7 .4 7 2 .3 2 4 2 ! 629 2 .1 2 4 2.’ 420 6 .5 5 7.'44
0 .4 8 7 11.21 3 .3 8 4 3 .7 0 7 3 .1 8 4 3 .4 9 7 6 .5 4 7 .1 8
0 .6 5 0 1 4 .9 5 4 .5 5 6 5 .0 2 6 4 .3 5 6 4 .8 1 7 6 .6 9 7 .4 1
0 .9 7 5 2 2 .4 3 6 .8 2 7 7 .3 3 6 6 .6 2 7 7 .1 2 7 6 .7 9 7 .3 1
1 .3 0 2 9 .9 0 9 .3 0 2 10 .3 37 9 .1 0 2 1 0 .1 28 7 .0 0 7 .7 9
2 .6 0 5 9 .8 0 19 .0 94 2 1 .2 7 0 1 8 .8 9 4 2 1 .0 6 2 7 .2 6 8 .1 0
3 .2 5 7 4 .8 0 2 4 .2 8 9 2 7 .3 7 8 2 4 .0 8 9 2 7 .1 6 9 7 .4 1 8 .3 6

less in the presence of caffeine. At the dropping mercury 
electrode, uranium is probably reduced from a valence of 
6 to 4. It was impossible to measure accurately the half-wave 
potential with the author’s instrument, but it was between 
—0.22 and —0.26 volt with respect to the saturated calomel 
electrode. Strubl (6) found that solutions of uranyl salts in
2 N  hydroxylamine hydrochloride gave a well-defined wave 
with a half wave potential of —0.24 volt. The diffusion cur
rent was directly proportional to the concentration of the 
uranyl salts.

Procedure for Solutions

Solutions free of phosphate and organic material, and con
taining only small amounts of potassium, were analyzed as 
follows:

After evaporation to dryness on a low-temperature hot plate 
in 50-cc. Pyrex beakers (cleaned with chromic acid and rinsed 
with redistilled water), the residues were taken up in 4 to 6 cc. 
of zinc-uranyl acetate reagent and allowed to stand at nearly 
constant temperature for several hours (or overnight) to com
plete the precipitation. This was carried out beneath a large 
inverted crystallizing dish, under which was also placed a beaker 
of water to minimize evaporation. When precipitation was com
plete, the supernatant fluid was removed by the filter-stick 
method of Lindner and Kirk (5). For this purpose, Pyrex im
mersion filter tubes (10-mm. disk) of medium porosity were used. 
The precipitate was washed with several 2-cc. portions of wash 
alcohol solution.

The sodium zinc uranyl acetate in the beaker and on the filter 
stick asbestos pad was left at room temperature until dry. Then, 
an accurately measured volume of 0.5 N  hydrochloric acid was 
added to dissolve the triple acetate salt. The amount of acid 
used had to be sufficient to keep the diffusion current in the range 
of the calibration curve. It was not difficult to estimate this 
amount of hydrochloric acid after some trials. The solution was 
passed through filter paper (to remove the asbestos) into small 
“shell vials”, and a trace of caffeine (Merck’s anhydrous powder) 
was added. Shell vials proved to be excellent containers for the 
electrolysis, since the various sizes available readily accommodated 
different amounts of solution, and the dropping mercury elec
trode could be placed well below the surface of the liquid to main
tain a good degree of submersion. After removing the oxygen 
by a stream of nitrogen bubbles, the diffusion current was meas
ured. From this the sodium content could be read directly from 
the calibration curve.

Typical recoveries from pure solu
tions of sodium chloride are shown in 
Tablell. The accuracy for the amounts 
of sodium taken was ±0.7 to =*=1.5 
per cent. Since a 0.1625 millimolar 
solution of sodium zinc uranyl acetate 
(equivalent to 3.47 micrograms of 
sodium per cc.) has a diffusion current 
greater than one microampere, it is 
obvious that the method can be used 
for determining mere traces of sodium.

° Residual current of supporting electrolyte alone.

Procedure for Tissues

In biological materials, interfering 
substances other than phosphate and 
organic compounds are rarely found 
in effective concentrations (5). The 
following procedure has been
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T a b le  II. A s s a y  o f  K n o w n  S o d iu m  C h l o r i d e  S o l u t i o n s

Sodium Added Recovered0 Difference

Mg. Mg. Mg.

0.0590 0.0598 -0.0008
0.1574 0.1560 -0.0014
0.1970 0.2000 + 0.0030
0.2360 0.2380 + 0.0020
0.3147 0.3124 -0.0023
0.3934 0.3960 + 0.0026

° Values after correcting for blanks.

used for the determinations of sodium in 100 to 400 mg. 
(wet weight) of epidermal tissue.

The samples were ashed at 450° C. (a temperature which has 
been shown, 5, to result in no loss of sodium) in a muffle furnace 
until all the organic matter was destroyed. The ash was then dis
solved in 1 cc. of 0.1 N hydrochloric acid and this solution washed 
out of the crucibles into 15-cc. centrifuge tubes with several 2-cc. 
portions of redistilled water. Phosphate was removed by the 
method of Butler and Tuthill (2) as follows: Calcium hydroxide 
powder was added to the solutions in the centrifuge tubes, after 
which they were stoppered and allowed to stand with occasional 
shaking for 2 hours. The tubes were centrifuged and the super
natant liquid was decanted into clean 50-cc. Pyrex beakers, 2-cc. 
portions of water were added to each centrifuge tube, the stop
pers returned, and the tubes agitated until the calcium hydroxide 
was resuspended. Centrifugation was repeated, and the super
natant wash fluid was decantcd into the respective beakers.

Three washings of the calcium hydroxide were carried out. The 
phosphate-free solutions were evaporated to dryness and the 
sodium content was determined as described above. Blanks on 
the hydrochloric acid, water, and calcium hydroxide were neces
sary, especially for the last-mentioned reagent.

Sum m ary

It  has been shown that 0.1625 to 0.975 millimolar solutions 
of sodium zinc uranylacetate in 0.5 N hydrochloric acid give 
well-defined polarographic diffusion currents. These currents 
are directly proportional to the concentration of the triple 
acetate salt. The use of this technique permits the determina
tion of exceedingly small amounts of sodium as in limited 
samples of biological material.
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Electrographic Detection o f Molybdenum in  Steel Alloys
J . A. CALAM ARI, RO BERT  HUBATA, AND P. B. ROTH , Laboratory, New York M edical Depot, Brooklyn, N . Y .

MOLYBDENUM may be detected rapidly by spot tests 
(4, 5) and tests have been described for detecting 

molybdenum in steel alloys (1). A very rapid electrographic 
test for molybdenum and molybdenum in steel alloys is de

scribed here, which may be completed in a few seconds.
When molybdenum or molybdenum alloy is made the anode 

in a neutral or slightly acid solution of nitrate ion, using an 
e. m. f. of 6 to 9 volts and a current of 0.5 to 1.0 ampere, the 
anode becomes passive (2) and the molybdenum and iron 
enter solution as molybdate and ferric ion, respectively. 
When a hydrochloric acid solution of stannous chloride and 
potassium thiocyanate is added, molybdenum forms a com
plex trivalent molybdenum thiocyanate, yielding a carmine 
red solution (4). Trivalent iron is reduced to divalent by 
divalent tin. When the test is carried out electrographically, 
the molybdate is precipitated as lead molybdate with lead 
acetate solution, which also reduces the concentration of 
other soluble heavy metal ions, thereby increasing the sensi
tivity of the test.

Apparatus and Test Solutions

The equipment and procedure are identical with those described 
in electrographic tests {2, 3).

Test Solution A. Dissolve 30 grams of sodium nitrate, reagent 
grade, in sufficient distilled water to make 100 ml. and filter.

Test Solution B. Dissolve 1 gram of lead acetate, A. C. S., in 
sufficient distilled water to make 100 ml. and filter.

Test solution C. Dissolve 30 grams of stannous chloride,
A. C. S., in sufficient hydrochloric acid, A. C. S., to make 100 ml. 
and add to an equal volume of molar potassium thiocyanate. It 
is advisable to mix only sufficient quantity of the two solutions to 
last 24 hours.

Method

Fold a-shless filter paper to form a wad three to four layers 
thick and then dip into test solution A. Place the moistened 
filter paper on the test metal anode and press a graphite cathode 
about 7.5 cm. (3 inches) long and 0.6 cm. (0.25 inch) in diameter 
firmly against the free side of the moistened section of the filter 
paper for about 1 second. An e. m. f. of about 6 to 9 volts is em
ployed and may be obtained by using 4 to 6 No. 6 dry cell batteries 
connected in series. The current is about 0.5 to 1.0 ampere. A 
contact of about 3 seconds is recommended for molybdenum steel 
alloys.

Wash the moistened end of the filter paper with test solution B 
to remove some of the soluble heavy metal ions and to precipitate 
the molybdate and fix it to the paper as lead molybdate. Add a 
few drops of test solution C to the spot on the side of the filter 
paper that was adjacent to the test metal. The trivalent molyb
denum thiocyanate complex formed will yield a carmine red stain.

Molybdenum steel alloys containing 0.2 per cent molyb
denum and upwards have been tested. The intensity of the 
color produced increases with the molybdenum content when 
the current density and time remain constant. When ferric 
ion is present, red ferric thiocyanate forms, but ferric iron is 
reduced quickly to ferrous, which produces a pale green 
stain that does not interfere with the carmine molybdenum 
thiocyanate color.
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An Iodoform Microtest for the Higher 
Alcohols and Ketones

FRA N K  H . STODOŁA 

C o lum b ia  University, New York , N . Y .

IN THE study of the lipides of the tubercle bacillus, higher 
alcohols such as d-eicosanol-2 (1, 7) and phthiocerol (9) 

(C36H74O3) have been among the many compounds isolated. 
To prove the presence or absence of the —CH(OH)CH3 

grouping in these alcohols, it was hoped that the widely used 
iodoform test might be applied. Unfortunately, the methods 
heretofore described for carrying out this test were not appli
cable to these compounds. Scarcity of material or insolubility 
in water prevented the use of procedures based on the isolation 
of iodoform for a melting point determination or microscopic 
study {2-4).

These difficulties have now been circumvented by employ
ing the sensitive color test described by Lustgarten (5), in 
which iodoform gives a deep red color when heated with re- 
sorcinol and potassium hydroxide. As a solvent for the higher 
alcohols and ketones, methanol has been found satisfactory. 
By this method it is possible to detect 1 mg. of eicosanone-2 
or 3 mg. of the corresponding alcohol. The fact that the al
cohols can be used directly in this test is very helpful in those 
cases where the amount of material is insufficient to allow 
oxidation to the ketone. The use of the alcohol is also of ad
vantage in work with compounds such as phthiocerol, which 
cannot be converted to ketones without disrupting the mole
cule.

The test was positive with 1-mg. samples of p-phenylaceto- 
phenone, methyl octadecyl ketone (eicosanone-2), methyl 
pentadecyl ketone, o-benzoxyphenyl acetone, methyl-/?- 
naphthyl ketone, and benzoyl acetone and with 3-mg. samples 
of d-eicosanol-2 and 5,5-dimethyl-2,4-hexanediol. It was 
negative with citric acid, hydantoin, mannitol, benzophenone, 
biphenylene oxide, tricarballylic acid, benzyl sulfonamide, and 
acetyldurene.

Apparatus

The formation of iodoform is carried out in a Pyrex test tube,
A, 2.5 cm. in length. This tube is made by fire-polishing the 
open end (7 mm. in inside diameter) until this dimension is re
duced to 4 to 5 mm.

The reaction between the iodoform and resorcinol-potassium 
hydroxide takes place in a Pyrex test tube, B, 4 cm. long and 7 
mm. in inside diameter. A medicine dropper having an open
ing of 1.5 mm. is used to transfer the contents of tube A to tube
B. If the opening is smaller than this, some difficulty may be 
encountered from solidification of the solution during transfer.

Reagents

S o l u t io n  I. Three grams of potassium hydroxide are dissolved 
in 2 cc. of water and 18.7 cc. (15 grams) of pure methanol are 
added. This solution is stored in a glass-stoppered flask equipped 
with a medicine dropper.

S o l u t io n  II. Pure methanol is saturated with iodine with 
gentle warming. It  is kept in the same manner as the alcoholic 
potassium hydroxide solution.

The Color Test

B l a n k  T e s t . The reagents are tested as follows: Five drops 
of solution I are pipetted into tube A, and to this solution solu
tion I I  is added dropwise until a brown color persists. The tube 
is held for 5 minutes in a water bath at 60° C. and then cooled 
to room temperature. Sufficient powdered potassium hydroxide 
is added to discharge the brown color. This is accomplished by 
rotating the tube on its side, to make sure that the entire inner 
surface is moistened.

In tube B are placed a few milligrams of resorcinol, which is

then covered with a thin layer of powdered potassium hydroxide. 
This mixture is made slightly moist by the addition of a small drop 
of water. Tube B is then heated on an asbestos-covered hot 
plate until bubbles appear. Without removing the tube from 
the hot plate, several drops of solution from tube A are at once 
dropped on the resorcinol-potassium hydroxide mixture. One 
minute of heating should give only a pale green color.

The material under investigation is tested as follows: Because 
some compounds discolor on warming with alkali or give a red 
color with heated potassium hydroxide-resorcinol, it is necessary 
to carry out a blank on 1 mg. of the compound. The material is 
placed in a small test tube and warmed at 60° for several minutes 
with 5 drops of solution I. A slight discoloration does not inter
fere with the test; a deep color shows the compound to be un
suitable for investigation. Several drops of this solution on addi
tion to heated potassium hydroxide-resorcinol should cause no 
change in the pale green color of the potassium hydroxide-resor
cinol. The compounds used in this study met these require
ments.

T e s t  o n  K e t o n e s .  Five drops of solution I are pipetted into 
tube A, containing 1 mg. of the ketone to be tested. The tube 
is held in a water bath until the compound is in solution, and 
solution I I  is added dropwise until the brown color appears. 
The tube is placed in a water bath at 60° for 3 to 4 minutes, solu
tion I I  being added from time to time to restore the brown color. 
Sufficient powdered potassium hydroxide is finally added to dis
charge the brown color when the tube is rotated on its side. If 
considerable iodoform is present, a yellow color may remain.

In tube B are placed a few milligrams of resorcinol, which is 
covered by a thin layer of powdered potassium hydroxide. A 
small drop of water is added to make the mixture slightly moist. 
Tube B is then placed on an asbestos-covered hot plate and when 
bubbles begin to appear, several drops of the solution in tube A 
are added. If the compound tested is a methyl ketone, a deep 
red color is observed in less than 15 seconds.

Test on Alcohols. Eight drops of solution I  are pipetted 
into tube A containing 3 mg. of the alcohol to be tested. The 
solution is warmed until the compound has dissolved and an ex
cess of solution I I  is then added. The tube is kept in a water 
bath at 60° for 3 minutes. By this time, the brown color will 
have faded, so more of solution I I  is added to restore it. The 
solution is heated for another 2 minutes at 60° C. One drop of 
solution I  is added and then an excess of solution II. After an
other 3 minutes of heating at 60° C., excess powdered potassium 
hydroxide is added. This solution is added dropwise to mois
tened potassium hydroxide-resorcinol on the hot plate. If the 
alcohol is capable of being oxidized to a methyl ketone, a deep 
red color results in a very short time.

L im itations of the Method

Some halogen compounds [CC13CH(0H)2, CCI3CHOH.- 
NHCHO, CCljCOOH, and C6H2.CI3OH] have been observed 
by Ware (11) to give red colors when heated with resorcinol and

OH

potassium hydroxide. In this laboratory CCI3.CH—COOH 
was found to behave similarly; hence care must be taken 
in the interpretation of results with halogen compounds.

The sterically hindered ketone, acetyldurene, was found to 
give a negative test. This is to be expected on the basis of the 
behavior of acetylmesitylene observed by Fuson and Tullock 
(4). For other anomalous haloform reactions, see Suknevich 
and Chilingaryan (10), Slotta and Neisser (S), and Paggi (6).
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Detection of Zirconium with 5-Chlorobromamine 
Acid

JO H N  H . Y O E  AND LY LE  G . O V E R IIO LSE R , University of V irginia, Charlottesville, Va.

BROMAMINE acid is the name used by dye chemists for 
the sodium salt of l-amino-4-bromo-2-anthraquinone- 

sulfonic acid. A number of substituted bromamine acids 
react with the tri- and tetravalent cations in aqueous medium, 

giving red precipitates. In acid solution, the reactivity is 
limited to only a few ions, of which the reaction with zir
conium is the most sensitive. The chloro derivatives— 
namely, 5-chloro-, 6-chloro-, and 7-chlorobromamine acid— 
were found to be the most selective of the substituted brom
amine acids studied. Although these three compounds 
behave similarly, the 5-chloro derivative is recommended 
because of its slightly more selective reactions. The chloro- 
bromamine acids give heavy bright red precipitates with 
cadmium, copper, cobalt, nickel, palladium, and zinc in 
ammoniacal medium.

Although the attempted application of 5-chlorobromamine 
acid as a quantitative precipitant for zirconium was un
successful, the reagent may be used for the detection of zir
conium.

Reagents

5-Chlorobromamine Acid. The compound was obtained 
from E. I. du Pont de Nemours & Co., Inc. A 50 per cent 
acetone-water solution containing 2 mg. per ml. of the reagent 
was used.

Zirconium. A stock solution containing 1 mg. of zirconium 
per ml. and 0.2 M with respect to nitric acid was prepared from 
zirconium nitrate and was diluted with water to the desired con
centration.

Nitric Acid. A 2 M solution was employed.

Procedure

Transfer 0.05 ml. of the test solution to a depression in a white 
tile spot plate, and add 0.05 ml. of nitric acid and finally 0.03 ml. 
of the 5-chlorobromamine acid solution. Shake the spot plate 
continuously for several minutes before making the observations. 
A blank prepared in the same manner, except that distilled water 
is added in place of the test solution, should be used for compari
son. Occasionally, the blank may have a small amount of a pale 
red colored precipitate, which floats on the surface of the liquid 
and has the appearance of a slight scum. This should not be 
confused with the precipitate formed in the presence of zirconium, 
which is more granular and darker colored and settles to the 
bottom of the solution.

Characteristics of Reaction

The reaction rate is dependent upon agitation of the 
solution, the concentration of zirconium and of the reagent, 
and the type and concentration of acid present. Continuous 
shaking hastens the formation of the precipitate. At the 
higher concentrations of zirconium the reaction rate is faster 
than at the lower. The use of a higher concentration of the 
reagent hastens the precipitation but may cause interference. 
The reaction rate is about the same in nitric or hydrochloric 
acid but the latter tends to cause increased interference by the

reagent. The reaction rate is greatest at low concentrations 
of nitric acid and decreases markedly with increasing acid 
concentration—for instance, using a zirconium concentration 
of 10 p. p. m. and 0.05 ml. of 0.3 M  nitric acid, the precipitate 
forms within a minute; with 2 M  acid, 2 to 3 minutes are 
required. The 2 M acid is recommended, despite the slower 
reaction rate, to avoid interference by a number of ions.

Table I. Limiting Concentration
Limiting

Concentration

Ion Mg./m l.

N a + 20
Ba + +, Ca + +, Sr ++, K + 10
C d t+, Co + +, Cu + +, M g + +, M n * * , N H (t  5
N i + +, Fb + +, Zn + + 5
Raro earths*, Fe + + +,G a  + + t , Hg + +, I n t + +, Sot  + +,Y *  + + 1
Ce + + + + 0.03
Be + + 0.25
A !+ + +t Cr + + 'f, Th + + + +, Ti + + + + 0.1
PO<— , SO,-- 1

* Trivalent ions.

Interference

In testing for the interference of the various ions, the pro
cedure previously given wras followed using a zirconium solu
tion containing 10 p. p. m. Solutions of the ions alone, and 
mixtures of zirconium and the respective ions were used. 
Suitable blanks were used in all cases. Interference was 
noted if the ions gave a precipitate in the absence of zirconium 
and if precipitation was prevented or the character of the 
precipitate altered in the mixtures of the ions and zirconium. 
The limiting concentrations given in Table I are for a zir
conium concentration of 10 p. p. m. At higher zirconium 
concentrations they are somewhat greater.

Phosphate and sulfate prevent the formation of the pre
cipitate. Fluoride must be absent. In the case of aluminum, 
beryllium, chromium, ferric, thorium, and titanium ions, 
mixtures consisting of zirconium and the respective ions were 
precipitated as the hydroxides, the precipitates were filtered 
off and dissolved in nitric acid, and the interference was 
determined under conditions comparable to the preceding 
interference studies. The results were comparable to those 
listed in Table I.

Sensitivity

In the absence of interfering ions, the minimum concen
tration of zirconium that may be detected is 2 p. p. m. About 
5 minutes of continuous shaking are required and a blank 
must be used. The reaction rate is slow at 5 p. p. m. A 
zirconium concentration of not less than 10 p. p. m. (0.5 micro
gram in 0.05 ml.) is recommended.



Colorimetric Determination of Cobalt 
with Terpyridyl

M . L. M O SS  W IT H  M . G . M E LLO N , Purdue University, Lafayette, In d .

IN STUDYING the terpyridyl method for iron (2), inter
ference by cobalt was found to result from formation of an 

orange, complex ion of cobalt and terpyridyl. The con
stitution of the complex, according to Morgan and Burstall 

CO, is analogous to that of the ferrous complex in which two 
molecules of the triamine are held by coordinate forces around 
the octahedral structure of the metal. The two molecules of 
the base are believed to lie in perpendicular planes deter
mined by the nitrogen atoms.

2,2'-Bipyridyl and 1,10-phenanthroline contain the same 
iron-specific cyclic N—C—C—N group and both are excellent 
reagents for iron, but neither gives sufficient color with cobalt 
to be of interest. 2-Pyridylhydrazine also gives colors with 
cobalt and iron but is not a satisfactory reagent for either.

The proposed method is simple and direct, requiring only 
the addition of terpyridyl reagent to a solution of cobaltous 
ion and measurement of the color which immediately develops.

Experimental Work

S o lu t i o n s  a n d  A p p a r a t u s .  The color-forming reagent was a 
0.1 per cent aqueous solution of terpyridyl (2,6-di-2'-pyridylpyri- 
dine) hydrochloride calculated on tfie basis of the free triamine.

Standard solutions of cobalt nitrate containing 0.5 and 0.05 
mg. cobalt per ml. were prepared by dissolving the desired amount 
of the hexahydrate of reagent grade in redistilled water and mak
ing appropriate dilutions.

Adjustments of pH were made with 6 N solutions of ammonium 
hydroxide and hydrochloric acid and buffering was accomplished 
with small quantities of a 20 per cent ammonium acetate solution.

Standard solutions of the anions studied were prepared from 
the alkali metal salts in most cases. Nitrates, chlorides, and sul
fates were used for the cations. Each solution contained 10 mg. 
of the ion in question per ml.

Transmittancy measurements were made with a General Elec
tric recording spectrophotometer set for a spectral band width 
of 10 mu and pH values were measured with a glass electrode 
meter.

C o l o r  R e a c t i o n .  Three to 5 ml. of the reagent solution should 
be used for 0.25 mg. of cobalt, or 10 p. p. m. in 25 ml. The slight 
increase in color intensity produced by doubling the quantity of 
reagent is not significant. Approximately the same amount of 
reagent is required for 0.25 mg. of iron. The hue is orange and 
absorption maxima occur at 445 and 505 m/i. A weak band at 
about 553 mp can be isolated with an instrument operating on a 
spectral band width of 5 mji or less. The molecular extinction 
coefficient at 505 mju is 1360.

Effect of pH. An exceptionally wide variation in pH is 
permissible, no effect on the intensity or hue resulting from 
changes between 2 and 10. This range is even wider than 
that permissible in the determination of iron with terpyridyl.

Effect of Cobalt Concentration. Beer’s law is valid 
for cobalt concentrations between 0.5 and 50 p. p. m., the 
range most suitable for determinations with a 1-cm. trans
mission cell. Transmission curves for various concentrations 
are shown in Figure 1.

Stability of Color. The cobalt complex contains an 
excess of 1 electron over the number required for maximum 
stability. Fading occurs within 24 hours at pH 3, neces
sitating the use of freshly prepared standards if the color 
measurements are to be made visually. A slight improve
ment was observed at pH 9, although the cobalt complex 
appears to be much less stable than the corresponding ferrous 
complex in any case. Transmission values for the solutions 
represented in Figure 1 increased 2 to 3 per cent in 24 hours. .

Effect of D iverse Ions. In determining the extent of 
interference by diverse ions, the following procedure was 
adopted:

The desired volume of solution containing the ion under con
sideration was added to a 25-ml. volumetric flask containing 
0.25 mg. of cobalt measured as cobalt nitrate solution. After 
addition of 10 ml. of water and 3 ml. of reagent, the solution was 
diluted to the mark and the transmittancy curve run, using 2-cm. 
transmission cells with water in the blank cell.

The following ions may be present in concentrations ex
ceeding 500 p. p. m. without causing more than 2 per cent 
error in the determination of 10 p. p. m. of cobalt: aluminum, 
ammonium, barium, beryllium, calcium, lead, lithium, mag
nesium, manganese, potassium, sodium, strontium, thorium, 
acetate, arsenate, bromide, carbonate, chloride, citrate, 
fluoride, iodide, nitrate, nitrite, orthophosphate, oxalate, 
pyrophosphate, silicate, sulfate, sulfite, tetraborate, thio- 
cyanate, and thiosulfate.

The ultimate effect of the interfering ions is summarized in 
Table I, which shows the approximate limiting concentrations 
permissible for the determination of 10 p. p. m. of cobalt with 
an error of not more than 2 per cent. Transmission curves 
for solutions containing several interfering ions are shown 
in Figure 2. Iron, cyanide, and dicliromate must be absent. 
Antimony, bismuth, and tin precipitate under the conditions 
recommended.

400 <¿0 MO 460 -iSO 500 5Í0 540 5&0 580 eC-0 6.!0 640 660 6S0 700
Wavelength, m/u.
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Silver interferes slightly and no advantage can be gained 
by converting it to the ammonia complex. Copper, zinc, 
and cadmium, if present in sufficiently high concentrations, 
give low results for cobalt, apparently by complex formation 
with the reagent.

Titanium, zirconium, and cerium interfere somewhat. 
Reduction of eerie ion with hydroxylamine reduces sub
stantially the interference of cerium. Uranyl ion, although 
colored, may be present up to 100 p. p. m.

Of the metals studied, chromium, nickel, copper, and iron 
cause the greatest difficulty. Attempts to eliminate iron 
interference by formation of ferric citrate or phosphate were 
unsuccessful.

Salts of most mineral acids do not affect the color reaction. 
Certain ions which affect the iron-terpyridyl reaction pro
foundly, such as carbonate, silicate, and phosphates, do not 
produce any measurable effect on the cobalt reaction.

Interference by dichromate, cyanide, and vanadate is 
sufficient to require separations. Five p. p. m. of dichromate 
caused an error of 70 per cent.

Discussion

Terpyridyl is an excellent reagent for iron according to the 
characteristics by which colorimetric methods are usually 
appraised. While the reagent is not so sensitive for cobalt 
as for iron, it can be used over a considerably wider range of 
concentrations in the determination of cobalt. The liberal 
tolerance in control of pH is significant. Most methods 
employing the organic reagents require considerable care in 
this respect.

One objection to the proposed method is the instability 
of the colored complex. Standards for visual comparison 
should be prepared for each day’s work. This is only a 
minor consideration in view of the increasing use of photo
electric instruments. More serious is the interference of

iron, copper, and nickel. Presence of these metals requires 
separations.

Nitroso R salt, commonly recommended, gives considerably 
more color with moderate amounts of cobalt (1 to 5 p. p. m.) 
than does terpyridyl, but for concentrations lower than 0.1 
to 0.5 p. p. m. it is of little value because of the yellow color 
of the reagent itself. The advantage of sensitivity is thus 
confined to concentrations within the range susceptible to 
measurement with terpyridyl. Nitroso R salt also requires 
more care in control of pH and the color appears to be no 
more stable than that obtained with terpyridyl. Terpyridyl 
is not available commercially.

T a b l e  I .  E ffec t  o f  D iv e r s e  I o ns

Ion

Ae- 
Cd + + 
C e++++
Cu + +
Cr + + +
N i + + Ti++++
UO! + +
Zn + +
Zr+++t
AsOa (As)
MoO*--
VOi-
wo.--

Added as

AgNOj
Cd(N03)2
CeCNHiMSCWt
C u(NO j)i
CrtKSCWa
N i(N O j)i
Ti(SO«)j
UCMCaHjOj)*
Zn(NO»)t
Zr(NOi).
NasAsOa
(N IW jM oO.
K VO i
NaiWOi

Present Error

Ainouut
Permis

sible

P . p. m. % P. p. m.

100 2 100
500 4 250
200 4 100

5 0 5
20 3 15
10 3 5
75 3 50

100 1 100
20 2 20

100 2 100
500 4 300
100 5 50
20 4 10

100 0 100

Recommended Procedure

T r e a t m e n t  o f  S a m p le . Dissolve the sample by appropriate 
means and remove any interfering constituents in accordance 
with the tolerances listed in Table I. Adjust the pH to 2 to 10. 
(Twenty per cent ammonium acetate solution, 6 N ammonium 
hydroxide, and 6 N hydrochloric acid may be used.) Dilute the 
solution in a volumetric flask so that each 100 ml. contains 2 to 5 
mg. of cobalt.

M e a s u r e m e n t  o f  D e s ir e d  C o n s t i t u e n t .  Withdraw a 25- 
inl. aliquot of the sample solution, add 5 ml. of 0.1 per cent ter
pyridyl solution, dilute to 50 ml., and mix well. (Dissolve the 
terpyridyl in the least possible amount of G N hydrochloric acid 
and dilute to the proper volume with iron-free water.) Measure 
or compare the color by any of the usual means. (Standards for 
visual work should bo prepared daily.) A blue-green filter such 
as Corning No. 428 and a2-cm. transmission cell are recommended 
for photometric measurement.

Sum m ary

A new colorimetric method for the determination of cobalt 
is described. Variations in pH between 2 and 10 do not af
fect the colored complex and Beer’s law is valid for cobalt 
concentrations from 0.5 to 50 p. p. m. This is the optimum 
range for determinations with a 1-cm. transmission cell. 
Interference by most of the common metals except copper, 
nickel, and iron is not serious. Cyanide and dichromate 
should be absent. Because of the limited stability of the 
color, fresh standards for visual work should be prepared 
daily.
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The Microvol
Apparatus for M easuring Sm all V olum es o f Gas

R . T. SANDERSON1, Western Geophysical Com pany, Los Angeles, Calif.

A SIMPLE and useful device 
for measuring very small 

volumes of condensable gas in 
a vacuum apparatus is the 
microvol. Volumes of the order 
of 0.05 cu. mm. can be meas
ured within 10 per cent, the 
accuracy improving rapidly 
with increase in sample size. 
A single such device can readily 
be constructed to measure a 
complete range of volumes from
0.01 cu. mm. up to several 
milliliters. A microvol has been 
found very satisfactory in the 
analysis of the soil atmosphere 
for substances present in con
centrations of less than one part 
per million, and should be gen
erally applicable in microanaly
sis of gases.

As shown in Figure 1, the 
microvol is somewhat similar in 
construction to a McLeod gage, 
with the essential added feature 
of an inner-sealed bulb, I'\ open
ing to the outside. In use, the 
microvol is connected to the 
vacuum system at E through a 
inercuiy valve or stopcock. The 
apparatus is thoroughly evacu
ated, the gas to be measured be
ing contained in a storage tube 
or held condensed in a trap. 
Liquid nitrogen is poured into F 
through G. The microvol is then 
opened to the tube containing

1 Present address. The Texas Com

pany, Beacon, N. Y.

the gas, which is allowed to expand into the closed vacuum sys
tem and condense on the outer walls of the cooled bulb. When 
condensation is complete, as indicated by a McLeod gage con
nected to the system, air is admitted to the mercury reservoir, N, 
through K and stopcock M, to force the mercury through J  to 
level I, where it closes off the microvol bulb from the rest of the 
system. The entire gas sample to be measured is thus trapped.

The liquid nitrogen is simply removed by allowing the mercury 
to touch bulb F, causing the nitrogen to boil out in a single spurt. 
The bulb is then warmed to room temperature, with the hand, by 
contact through the mercury, or by filling with W'arm water. 
After the mercury has been drawn down to I  again by exerting a 
rough vacuum at L, the evaporated gas is slowly compressed into 
the calibrated capillary system A, B, C by raising the mercury, 
and measured at any volume at which it exerts a readily measur
able pressure.

The microvol is constructed entirely of Pyrex. For measuring 
volumes from 0.05 cu. mm. up to 0.5 ml., the following approxi
mate dimensions have been found satisfactory for the measuring 
capillary: A, B, and C are each about 10 cm. long, and 0.4, 3, 
and 6 cu. mm. per mm., respectively. Capillaries A', B', 
and C' are of the same stock as A, B, and C, since they are for use 
as manometers in reading the pressure of gas in the calibrated 
tube. Bulb F is 20 to 30 mm. in diameter, and opening G is about 
10 mm. in diameter. Bulb II need be only slightly larger than F; 
a diameter of 35 mm. is sufficient. The calibrated capillary is 
joined to the top of II through a short piece of 8-mm. tubing, D. 
The mercury reservoir, Ar, may be constructed from a 200-ml. 
flask.

The measuring capillary must be carefully calibrated before 
sealing to the apparatus. In calibrating the joints, it is conveni
ent to make a permanent mark on the uniform-bore capillary, 
close to the joint on each side. It is then only necessary to de
termine the total volume between marks, as the gas volume can 
be read either above or below each joint with ease. There will be 
no discontinuities in measurable volumes. Spare capillaries 
of the same stock can conveniently be calibrated and kept in 
stock for emergency repairs.

The microvol has the following definite advantages over a 
McLeod gage used for the same purpose: The entire gas 
sample, rather than a part only, is directly measured, so that 
the microvol is more sensitive. The pressure-volume products 
can be checked very simply by readings at widely different and 
quickly adjusted mercury levels. A much larger range of 
volumes can be measured in the same apparatus.

lodom etric Semimicroprocedure for Determination of Arsenic 
in Sodium Cacodylate and Cacodylic Acid

VICTOR LEVINE A N D  WALLACE M. McNABB 

Departm ent of Chem istry and Chem ical Engineering, University o f Pennsylvania, Ph ilade lph ia , Penna.

IN THE semimicromethod for the determination of arsenic 
in organic compounds described in a previous paper (£), 

the samples were decomposed with concentrated sulfuric and 
nitric acids. However, this method of decomposition is not 

applicable to cacodylic acid and its sodium salt. Attempts 
were made to decompose the cacodylate with sulfuric and 
nitric acids, but when the reduction with hypophosphite was 
carried out a yellow precipitate formed which volatilized upon 
heating. Upon further investigation, the most satisfactory 
method of decomposition for the cacodylate was found to be

somewhat similar to the one used for the decomposition of 
minerals (2). This consists of heating the sample with potas
sium acid sulfate in the presence of small amounts of con
centrated sulfuric acid. Specimens of neoarsphenamine were 
subjected to this treatment without successful decomposition. 
Therefore the method is recommended for sodium cacodylate 
and cacodylic acid only.

A p p a r a t u s .  The all-glass apparatus recommended for use in 
the determination of mercury (3) and arsenic (4) in organic com-

76
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T a b l e  I. D e t e r m in a t i o n  o f  A r s e n ic  i n  S o d iu m  C a c o d y la t e

Compound

Sodium
cacodylate

Cacodylic
acid

a n d  C a c o d y l ic  A c id

-------- Arsenic
Semimicro

method

Found------ *
Distillation

method“
Arsenic

Calculated

% % %

46.03
46.65
46.65

46.71
46.55
46.85

Av. 46.64 46.70 46.83

54.30
54.38

Av. 54.34 54.31

“ Sample was decomposed in  distillation flask with acid sulfate and sul
furic acid and analysis completed according to procedure of Association of 
Official Agricultural Chemists (i) .

pounds is suitable for the analysis of cacodylic acid and sodium 
cacodylate.

Weigh the dried sample (of size to yield approximately 15 mg. 
of arsenic) on a piece of cigaret paper or in other convenient man
ner and transfer to the flask. Introduce into the flask 5 to 6

grams of potassium acid sulfate and 0.5 ml. of concentrated sul
furic acid, attach the condenser, and heat gently until all the 
potassium acid sulfate is melted. Continue heating vigorously 
until no further signs of carbon remain, allow to cool, and wash 
the condenser and walls of the flask with water. Dilute to a 
volume of approximately 20 ml., insert the glass stopper, and 
shake until the fused mass is dissolved. Add 3 r̂ams of sodium 
hypophosphite (NaII2P02.Hj0) and follow the original procedure
(4).

The results in Table I show the method to be satisfactory. 
An investigation is being carried out in applying the method 

to the determination of arsenic in arsenic-containing insecti
cides, such as calcium, magnesium, lead, and copper arsenates.
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Microbiological and Chemical Assay of 
Nicotinic Acid in B Complex Products

R . D. G REEN E  A N D  A R C H IE  BLACK , E. R . Squ ibb  and Sons, New Brunsw ick, N . J . ,  AND

F. O. HOW LAND, E. R . Squ ibb and Sons, Brooklyn, N . Y.

THE important role of nicotinic acid (niacin) in human 
nutrition has stimulated the search for a method of 
assay which would possess the specificity of the biological 
assay with dogs and yet afford greater accuracy, speed, and 

economy. A number of chemical procedures based on the 
Konig cyanogen bromide reaction and several microbiological 
methods have been reported to meet these requirements. 
The dog method has not been used extensively for quantita
tive tests, so that comparative data are limited. The re
covery experiments and duplication studies in connection 
with the various rapid methods are subject to limitations as 
criteria of the reliability of these procedures. It is believed 
that further comparative assay data from procedures as 
widely different as the chemical and microbiological tests 
will provide useful evidence as to their applicability. In the 
present studies tests have been made on various natural 
sources of the B complex. The chemical method as modified 
by Jones (4) and the Snell and Wright (8) microbiological 
method were used. Microbiological assays were made by 
R. D. Greene and A. Black, and chemical assays by F. 0. 
Howland.

Methods

M ic r o b i o l o g i c a l .  The procedure is essentially that of Snell 
and Wright (5). However, in the preparation of the hydrolyzed 
casein supplement, the optional charcoal treatment has been used 
as a regular procedure. In performing this step the authors 
treat a solution of hydrolyzed casein of pH 3.5, containing about 
25 mg. of solids per ml., with 2.5 mg. of Darco G-60 per ml. 
Recently Isbell (3) has reported poor growth with charcoal- 
treated casein hydrolyzate, due to p-aminobenzoic acid de
ficiency. The authors’ hydrolyzate, treated at greater dilution 
with charcoal, supported optimum growth. Although p- 
aminobenzoic acid was not a limiting factor in their tests, its 
routine addition seems a desirable safeguard against variations 
in the casein supplement.

For the preparation of inoculum they have used a dilution of 
1 to 25 rather than 1 to 10. For incubation of cultures they have 
used temperatures of 30° C. and later 37° C. (9) with equal 
success.

In supplying the biotin requirement of the organism they 
have used the supplement prepared from egg yolk and later pure 
biotin with equal results. In their experience the free pure 
biotin at a level of 0.001 microgram per 10 ml. of medium was

T a b le  I. R e c o v e r y  o p  P u r e  N i c o t i n i c  A c id  i n  t h e  P r e s 

e n c e  o f  W h e a t  G e r m  E x t r a c t

Added Found Recovered Recovery

Micrograms of nicotinic acid per 10 ml. of mediuma %

0 0.096
0.025 0.122 0.026 ÍÓ4
0.050 0.152 0.056 112
0.075 0.174 0.078 104
0.100 0.203 0.107 107
0.150 0.264 0.168 112
0.200 0.324 0.228 114

a Medium  according to Snell and W right +1.4 mg. of wheat germ extract 
per 10 ml.

T a b le  II. E f f e c t  o f  A c id ic  T r e a t m e n t  o f  S a m p le s  o n  

M i c r o b i o l o g i c a l  A s s a y

Sample Nicotinic Acid
No. Description Aqueous Acidic®

Mg./g. M q./q.

2463 Yeast 0.214 0.231
2488 Yeast 0.603 0.599
2514 Yeast 0.218 0.229
2522 Yeast 0.342 0.371
2540 Yeast 0.560 0.488
2560 Yeast 0.506 0.512
2561 Yeast 0.194 0.216
2294 Yeast extract 1.80 1.85
2541 Yeast extract 3.04 2.83
2542 Liver extract 0.508 0.462
2287 Rice bran concentrate 1.64 2.15
2426 Rice bran concentrate 1.18 1.53
2485 Rice bran concentrate 0.97 1.33
2523 Rice bran concentrate 1.02 1.42
2459 W heat germ extract 0.049 0.069

Flour, patent 0.0069 0.0095
Flour, whole wheat 0.0293 0.0362
Yellow corn, ground 0.0156 0.0194
Rolled oats 0.0051 0.0057
Whole m ilk powder 0.0049 0.0051

0 Autoclaving for 15 minutes at 15 pounds with 25 volumes of 2 N  HC1 or 
2 N H!SO..
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T a b le  III. M ic r o b i o l o g i c a l  a n d  C h e m ic a l  A s s a y s  f o r  

N i c o t i n i c  A c id

Microbiological0______ ____________ Chemical

Sample
No.

No. of 
tests b

No. of
Range Av. tests & Range Av.

15,037 2

M g./g• M g./g.

Rice Bran Sirup 

1.69-1.74 1.71 1

Mg./g. Mg./g.

1.61
13,917 2 1.41-1.42 1.41 1 1.24
12,727 2 1.47-1.47 1.47 1 1.24
9,279 2 1.78-1.79 1.78 2 1.78-1.82 1.80
7,922 2 1.63-1.69 1.66 1 2.10
7,594 2 1.67-1.72 1.69 1 1.50
7,280 2 1.65-1.73 1.69 1 1.90
6,093 2 2.08-2.21 2.14 1 2.20
5,538 2 1.88-1.91 1.89 1 1.80

13,917 2

Dried Yeast 

0.23-0.23 0.23 1 0.36
12,009 6 0.21-0.25 0.23 3 0.17-0.24 0.20
11,322 4 0.34-0.43 0.38 2 0.32-0.35 0.33
10,811 4 0.43-0.46 0.44 2 0.36-0.40 0.38
9,925 2 0.34-0.36 0.35 2 0.37-0.42 0.39
6,532 2 0.54-0.55 0.54 1 0.44

12,874 4 0.52-0.65 0.59 2 0Í54HX76 0.65
11,724 4 0.54-0.62 0.57 4 0.54-0.74 0.60
11,725 2 0.54-0.58 0.56 1 0.39
12,875 4 0.58-0.62 0.60 3 0 Í42-Ó!57 0.50

14,236 2

Yeast Extract 

1.63-1.75 1.69 1 2.0
7,633 5 1.79-1.96 1.87 2 1.7-2.5 2.1
6,347 4 1.80-2.22 1.98 2 2.0-2.1 2.05
6,000 2 2.00-2.23 2.12 1 1.8
5,514 2 1.91-1.95 1.93 1 1.8
5,248 2 1.98-2.15 2.06 2 2.1-2.3 2.2
4,871 2 1.91-2.05 1.98 1 1.8

7,991 2

W heat Germ 

0.067-0.071 0.069 2 0.066-0.071 0.068
7,646 2 0.071-0.071 0.071 2 0.060-0.070 0.065

11,716 2 0.074-0.079 0.076 3 0.064-0.089 0.078

9,414 4

Malted Wheat Germ Extract 

0.096-0.111 0.102 1 ............. 0.068
4,902 4 0.087-0.112 0.100 3 0.07-0.13 0.093

98,750 2 0.114-0.115 0.114 3 0.08-0.15 0.123
1,610 2 0.100-0.108 0.104 a

15,351 2 0.103-0.104 0.103 a

6 A 2

Cane Molasses 

0.0047-0.006 0.0053 1 None
8A 2 0.0098-0.01 0.0099 2 None-0.04

° A ll other than yeast products prepared by acid treatment as in Table I I .  
J> Independent tests.

more than sufficient for Lactobacillus arabitiosus 17-5, whereas the 
methyl ester was almost inactive. Shull, Hutchings, and Peter- 
Bon (7) have reported that the methyl ester is not utilized by 
Lactobacillus casei e.

C h e m ic a l .  The chemical assays of nicotinic acid were carried 
out by a modified cyanogen bromide method which has been fully 
described by Jones (4).

Factors Affecting Microbiological Assay

S p e c i f i c i t y  o f  R e s p o n s e .  In order to test the sufficiency 
of the basal medium the authors added extracts of rice bran, 
yeast, and liver in amounts judged by assay to be equivalent 
to the levels of nicotinic acid in the standard series, up to 
optimum. The titration curves produced from the addition 
of these supplements to the basal medium followed the 
standard curve very closely and indicate that results based 
on the usual assay range involve negligible stimulation due to 
substances other than nicotinic acid. This question has 
been approached in a different way by determining the 
recovery of varying increments of pure nicotinic acid in the 
presence of a constant quantity of a wheat germ extract, a 
product relatively low in nicotinic acid. The recovery data 
from this experiment, shown in Table I, confirm the results 
obtained from the addition of the other B complex supple
ments.

P r e p a r a t i o n  o f  S a m p le s  f o r  A s s a y .  Several of the 
earlier reports on both chemical (5, 6) and microbiological 
(8, 11) assays of cereals indicated that the results were

dependent to a marked degree on how drastic were the 
conditions of extraction. Recently other reports (1, 2, 10) 
have gone into this matter more extensively, showing that 
cereal products, as distinguished from yeast or animal prod
ucts, contain a water-soluble precursor of nicotinic acid 
which yields maximum values in the microbiological assay 
only after treatment with alkali or strong acid. The question 
has been raised as to whether this microbiologically inactive 
precursor of nicotinic acid is active for animals, and the con
sequent issue as to the available nicotinic acid of cereal foods 
and feedstuffs must await clarification by further research.

The authors’ experiences with a variety of products of 
cereal origin, ranging from original grains to highly potent 
concentrates, have paralleled those of other investigators. 
In order to determine the conditions necessary for the prepa
ration of samples for test, they have made comparative 
microbiological assays of a variety of products subjected to 
treatments ranging from aqueous to 4 N acid. As a result 
of these experiments, summarized in Table II, they have 
adopted the use of strong acid as a standard preparatory 
treatment for cereals, whereas other materials have been 
prepared by aqueous extraction.

Microbiological and Chemical Assays

The results of parallel microbiological and chemical assays 
of various cereal and yeast products are presented in Table III. 
For the most part the results from the two methods are in 
agreement and indicate that both these rapid and relatively 
inexpensive tests are reliable measures of nicotinic acid, al
though somewhat greater individual variations were observed 
in the chemical tests of materials of lower nicotinic acid 
content.

Sum m ary

In agreement with recent reports it has been shown that 
preliminary acid treatment of cereals, as distinguished from 
other products, leads to higher microbiological assay values 
for nicotinic acid.

Comparative assays of various pharmaceutical B complex 
products for nicotinic acid by the Snell and Wright micro
biological method and by the cyanogen bromide method as 
adapted by Jones have shown substantial agreement between 
the results from these widely different procedures and tend to 
establish the validity of both as measures of this factor. In 
the testing of the materials of lower nicotinic acid content in 
this series the microbiological method appeared to be some
what more suitable.
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Spectrochemical Assay for Traces o f Tungsten
A. G . SCOBIE

Hudson Bay M in in g  and Sm elting  Co., L im ited , F lin  F lon, M an itoba

A spectrographic procedure w hich is ex

tremely sensitive in  the estimation of traces 

of tungsten has been developed. The 

efficiency of the m ethod depends on the 

tungsten-collecting properties of hydrated 

a lum ina  when precipitated by sodium  b i

THE research laboratory of this company was recently 
faced with the problem of determining trace amounts of 
tungsten in a series of classifier sands. A spectrographic 
survey revealed the feasibility of using this instrument in the 

final evaluation, but a check of the common methods in use 
for the isolation of tungsten (3, 4) showed these methods to 
give incomplete separation for trace amounts. An investi
gation into the possibility of modifying these procedures, or 
developing others, was thus indicated.

Assay Procedure

Weigh 10 grams of 200-mesh ore or concentrate into a 400-ml. 
beaker, wet the sample well with about 20 ml. of water, and add 
100 ml. of hydrochloric acid. Cover, digest at 60° to 70° C. for 
about 1 hour, and then boil down to approximately 25 ml. Cool, 
add 25 ml. of hydrochloric acid and 10 ml. of nitric acid, and again 
boil to former volume. Add 20-ml. portions of nitric acid with 
successive boiling down until chemical action is complete. Then 
add 20-ml. portions of hydrochloric acid until all nitric acid is 
removed. Take nearly to dryness on a low-temperature hot 
plate, but do not bake.

Take up in 10 ml. of hydrochloric acid and 20 ml. of water and 
heat on a low-temperature hot plate until all iron goes into solu
tion. Dilute to 200 ml. and heat to just below boiling. Stir in 
pulp of about half of a No. 41 Whatman filter paper (12.5-cm.) 
ana continue digestion on plate with occasional stirring for 15 to 
20 minutes.

Filter through 12.5-cm. No. 40 Whatman filter paper and wash 
free of iron with hot 2 per cent hydrochloric acid solution. Both 
the residue and filtrate are further treated to recover tungsten.

R e s id u e .  Ignite gently in a No. 1 porcelain crucible until all 
organic matter is oxidized, add about 10 grams of powdered fused 
sodium bisulfate, and mix with residue. Heat in muffle at low 
temperature until ebullition ceases and then at bright red for 
about 10 minutes. Cover, remove, and cool until fusion has 
solidified. Dissolve in about 50 ml. of boiling water and then 
our in thin stream into 100 ml. of boiling 10 per cent sodium 
ydroxide solution, constantly stirred. Boil about 5 minutes, 

settle, and filter, washing well with hot water. Discard residue.
F i l t r a t e .  Boil down to about 100 ml., adding 10 per cent 

sodium hydroxide dropwise during the process until ferric 
hydroxide just fails to persist. Pour this boiling, nearly neutral 
solution in a thin stream into 150 ml. of vigorously stirred, boiling 
20 per cent sodium hydroxide solution in a 1-liter beaker. Cover, 
place on pad on low-temperature hot plate, and continue boiling 
about 30 minutes. Remove, add about 500 ml. of boiling water, 
and allow to settle. Decant and again wash with same quantity 
of boiling water. Decant, dissolve the residue in the least possi
ble hydrochloric acid, boil down as above, and again pour into 
boiling sodium hydroxide. Filter decantations through 18.5-cm. 
No. 1 Whatman filter paper, finally transferring the residue to the 
filter paper and washing well with hot water. Neutralize the 
filtrate with hydrochloric acid, evaporate, and combine this fil
trate with that from the residue treatment.

To this combined sodium tungstate solution contained in a 
1000-ml. beaker, and diluted to 700 to 800 ml., add 3 to 5 ml. of 
0.1 per cent methyl orange and after bringing to the neutral point 
with hydrochloric acid, add 5 to 10 ml. of excess acid. To this 
solution pipet 10 ml. of aluminum solution, cover, and heat to 
boiling. Transfer to a medium-temperature hot plate and with 
constant boiling add saturated sodium bicarbonate solution from

carbonate in  d ilu te  tungsten solution. 

This collector is efficient in  a solution con

ta in ing  any quantity  of alkali salts, and  

w ith  it  0.00002 per cent of tungsten in  an ore 

or concentrate may be isolated and esti

mated spectrographically.

a dropping pipet until the hydrated alumina just begins to pre
cipitate. Boil for about 5 minutes, add more methyl orange, and 
resume the addition of bicarbonate at about 25 to 30 drops per 
minute until the solution is definitely basic. Add 10 to 15 drops 
of excess bicarbonate and boil for 2 to 3 minutes. Settle, filter 
through 12.5-cm. No. 41 Whatman filter paper, and wash with hot 
water.

Transfer paper and residue to a porcelain crucible, ash in muffle 
at low temperature and then at 800° C. for 30 to 60 minutes, cool, 
and weigh the oxides. By means of this weighing, any alumina 
extracted from the sample, over and above that added, is ac
counted for. If the increase in alumina is greater than a few per 
cent, increase the observed value of the tungsten concentration 
by the same amount to obtain the correct value.

Crush the oxides, but do not grind finely, and weigh 30 mg. into 
a drilled electrode. Arc together with standards and estimate the 
intensity of the tungsten line 2S96.45 A.

T a b le  I. R e c o v e r y  o p  T u n g s t e n

SiOi
-- Sample -

FeCU Tungsten Residue
— Recovery—  

Filtrate Total

Grams Grams Mg. Mo. Mg. Mg.

1.0 0.20 0.06 0.14 0.20
2.5 0.20 0.08 0.11 0.19

5.0 0.20 0.20 0.20
10.0 0.20 0.195 0.195

l ’.O 10.0 0.20 o !o65 0.13 0.195
2.5 5.0 0.20 0.075 0.125 0.20

Equ ipm ent

A Ililger automatic Littrow-type large quartz spectrograph is 
used. The arc image is focused upon the slit by means of a Ililger 
spherical quartz condenser and the exposure is regulated by means 
of a rotating sector between the lens and slit. Tne arc source is a 
motor generator set regulated to deliver 15 to 17 amperes at 
about 150 volts across the arc and ballast resistance.

Eastman No. 33 antihalation plates, 10 X 25 cm. (4 X 10 
inches), are used to photograph the spectrum and are subse
quently developed for 6 minutes in D ll developer at 65° F. and 
fixed in F5 fixer for 20 minutes.

The crushed sample is weighed into ordinary spectrographic 
raphite electrodes 2.5 cm. (1 inch) long and 0.78 cm. (•/,* inch) in 
iameter, and uniformly drilled 0.47 cm. (3/if. inch) deep with a 

0.39-cm. ( s/ j 2- in c h )  drill. The samples and standards are arced 
to give a spectrogram as called for in A. S. T. M. specifications for 
zinc analysis (/). The line densities are read on Bausch & Lomb 
viewing stands by means of B. & L. magnifiers.

S t a n d a r d  T u n g s t e n  S o l u t i o n .  Prepare a standard solution 
by dissolving 0.136 gram of tungstic acid in the least possible 
quantity of dilute sodium hydroxide solution and diluting to 1000 
ml. with water. This solution contains 0.1 mg. of tungsten per 
milliliter.

A lu m in u m  S o l u t i o n .  Chemically pure potassium aluminum 
sulfate is used to prepare a solution containing 10 grams per liter 
of aluminum. Weigh 168 grams of the hydrate, add 100 ml. of 
hydrochloric acid, and dilute to 1 liter. For use in the prepara
tion of standards, check the aluminum content of this solution 
by following the precipitation procedure with sodium bicarbon
ate, as previously described, and adjusting if necessary.

79
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Preparation of Standards

The standards arced consist of definite amounts of tungsten 
in an ignited alumina base. The tungsten content of these 
standards is expressed as a percentage of their aluminum con
tent; thus the 0.1 per cent standard contains 0.1 mg. of 
tungsten per 100 mg. of aluminum. The tungsten solution 
for the standards is measured out as follows:

Pipet 2.0 ml. of standard tungsten solution (0.2 mg. of tung
sten) into a 100-ml. volumetric flask and dilute to volume. 
Pipet 50 ml. of this solution (0.1 mg. of tungsten) into a 1-liter 
beaker containing 10 ml. of aluminum solution (100 mg. of 
aluminum). Dilute to 700 to 800 ml. and precipitate the 
hydrated alumina with sodium bicarbonate, as described above, 
filter, and ignite to obtain the 0.1 per cent tungsten standard. 
Then dilute the 50 ml. of tungsten solution remaining in the 100- 
ml, volumetric flask to volume, again pipet 50 ml. with 100 mg. of 
aluminum, and repeat the precipitation procedure to obtain the 
0.05 per cent standard. Continue this pipetting and diluting of 
the tungsten solution until the 0.0016 per cent standard is 
obtained. This was the ultimate dilution discernible by means of 
the author’s spectrograph.

T a b l e  II. R e c o v e r y  o p  T u n g s t e n

Residue from Preliminary Acid Filtrate from Preliminary Acid

(2) (3) (4) (5)
Tungsten Tungsten Tungsten Tungsten
recovered recovered recovered recovered

in first refusing after on Total
(1)

Weight
NaHSO* insoluble first iron retreating Tungsten
fusion from (2) removal iron ppt. (4) Recovered

Gram M a . Mg. Mg. Mg.

0.23 0.024 N. D .a 0.003 0.001 0.028
0.14 0.023 N. D. 0.004 N. D. 0.027
0.2t) 0.015 N. D. 0.010 N. D. 0.02.5
0.17 0.012 N . I). 0.008 0.002 0.022
0.03 0.006 N. D. 0.003 N. D. 0.000
0.47 0.008 N. D. 0.002 N. D. 0 010
0.07- 0.006 N. D. 0.004 N. D. 0.010
0.32 0.000 N. D. 0.007 0.001 0.014

u None dct< cted.

DcvelojJment of Procedure

In the preliminary spectrographic investigation, using 
various carriers, several persistent and satisfactorily graded 
lines in the tungsten spectrum were observed—namely, at 
2656.54, 2896.45, and 2946.98 A. (#). The use of the spectro
graph as a means of final evaluation thus appeared possible 
and it was on the basis of spectrographic estimation that the 
procedure outlined was developed.

The common methods in use for the determination of 
tungsten claimed no great completeness in the isolation of 
traces of the element, so a preliminary check of these pro
cedures became essential.

Using a pure sodium tungstate solution, the procedure of 
Schoeller and Powell {4) was followed up to the ignition of the 
tungsten-tannin-cinchonine complex. The ash was then dis
solved in ammonium hydroxide, the ammonia boiled off, a stand
ard amount of copper as a carrier added, and the solution sulfated 
and fumed to dryness. The spectrogram of this solid was then 
compared with that of copper sulfate, to which the same amount 
of tungsten had been added directly. It was found that from a 
solution containing 0.20 mg. of tungsten, an average of only 0.03 
m;;. was recovered, while none was recovered from a solution con
taining 0.02 mg. This separation was thus useless as a pre
liminary for spectrographic estimation.

An effort was then made to isolate the tungsten as mercurous 
tungstate, precipitating this compound from a carbonate solution 
with an excess of mercurous nitrate as outlined by Hillebrand (S). 
This precipitate was ashed at a low' temperature, taken up in 
ammonia, and arccd with copper sulfate as Defore. Precipitating 
from tungsten solutions containing 0.20 mg. per liter and a pH 
range of 3 to 9, recoveries of 0.09 to 0.04 mg. were obtained. 
Thus the use of mercurous carbonate as a gathering agent, while 
more efficient than cinchonine and tannin, was still not quantita
tive.

The use of a suitable collector appeared to be the most promis
ing possibility. Numerous collectors were tried and it was 
finally found that hydrated alumina, as precipitated from boiling 
solution with sodium bicarbonate, gave a quantitative collection 
of tungsten.

An estimate of the efficiency of the alumina collector was first 
obtained by collecting various small quantities of tungsten in 
alumina, filtering, and sulfating the residue. Other samples were 
prepared by precipitating tungsten-free alumina as before, filter
ing, adding the same quantities of tungsten as had been collected 
in the previous series, and sulfating the residue. In all cases the 
corresponding tungsten lines observed were of the same average 
density. However, because of the low aluminum content of the 
aluminum sulfate arced (and thus of tungsten, since in the 
standards the tungsten is a definite percentage of the aluminum), 
the tungsten lines could not be discerned below the 0.025 per cent 
tungsten standard. By using an aluminum compound of lower 
molecular weight, the increased aluminum and tungsten content 
of the sample arced results in greater sensitivity of the tungsten 
lines. With the ignited alumina base, as recommended, the sensi
tivity was increased so that the 0.0016 per cent tungsten standard 
could be observed.

Because of the possible danger of loss of tungsten as tungsten 
oxide at high temperatures, a series of tests was run on standards 
to determine if the alumina base permitted such loss. A quantity 
of the standard was ignited strongly at 1000° to 1100° C. for 2 
hours and this sample compared with the original, which had 
been ignited at a moderate temperature (<800° C.). In all 
cases, the standards showed no change in line density.

In the application of this procedure to ore analysis, it was found 
necessary to extract tungsten from both the residue and filtrate 
after the initial acid treatment.

In Table I are listed some results obtained, using pure 
silica and ferric chloride. The combined extraction from 
both the residue and filtrate under the procedure outlined 
thus appears quantitative.

The tungsten distribution resulting from the preliminary 
acid treatment of a series of samples and the sensitiveness of 
the procedure outlined are shown in Table II. The samples 
are high in sulfides and contain 1.4 to 6.7 per cent of acid- 
insoluble matter.

All tungsten is recovered from the residue in one fusion. 
A small additional recovery is made in some cases on re
treating the iron precipitate from the preliminary acid treat
ment filtrate. Thus two successive extractions are specified 
in the procedure.

In the procedure outlined for ores, various other elements 
are collected by the alumina and are readily observed in the 
spectrogram. Their collection is not necessarily quantita
tive. They include lead, arsenic, antimony, tin, zinc, bis
muth, and silica, among others, and after ignition are weighed 
together with the alumina as AU03. Unless these elements 
form an unduly large percentage of the oxides weighed and 
affect the carrier characteristics of the alumina, they will not 
otherwise change the calculated tungsten content.
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A Fractional-Distillation Microapparatus
CARL TIEDCKE 

Laboratory of Microchemistry, New York, N. Y.

ONE of the most important operations in organic chemical 
work is distillation. Several excellent working appara

tus have been designed during the past 30 years for fractionat
ing macroquantities of liquids under normal and reduced 

pressures, among which are those of ICubierschky (4), Frie
drichs (2), Widmer (8), Midgley (5), Othmer (6), and Jantzen 
and Tiedcke (S). The latter, with its specially constructed 
receiver unit, is widely used as a standard apparatus for the 
separation of high molecular fatty acids in the form of their 
esters.

Figure 1. D iagram of Apparatus

Microdistilling equipment, however, has not received the 
same concentrated attention, despite the fact that improve
ments in microchemical procedures generally have kept pace 
with the tremendous progress in the chemistry of vitamins, 
hormones, and other biologicals. This may partly be due to 
the fact that an accurate microthermometer has not been 
developed. As a result, microdistillations are used primarily 
to purify samples and not for sharp separation of fractions as 
in macrodistillations. In fact, much of the dissatisfaction 
with microdistillations often stems from attempts by opera
tors to make quantitatively sharp fractionations with equip
ment (including that described herein) which is obviously 
limited to qualitative purifications. However, arbitrary 
fractions can be made as a first step to closer refractionation. 
Some microdistillation apparatus for making arbitrary frac
tions have been reported, noteworthy among others, those of

Craig (1) and Shrader and Ritzer (7). The limitation of 
microdistilling equipment to purifications cannot be too 
strongly emphasized.

Because as much as 5 to 20 per cent of the initial sample in 
distillations, for all practical purposes, can be considered lost, 
owing to retention of liquid by the surfaces of the apparatus, 
it becomes obvious that microdistillation apparatus should be 
designed with minimum surface areas and minimum distance 
between the distilling flask and receiver. Only in this way 
can maximum recovery of sample and distillate be obtained. 
Unfortunately, some of the published designs do not meet 
this very important requirement.

In his widely diversified microchemical practice, the author 
repeatedly encountered need for improved microdistilling 
apparatus. It was apparent that suitable apparatus, to meet 
these needs and requirements, could not be built by the simple 
expedient of reducing the dimensions of efficient macrodistill- 
ing apparatus. Consequently a new apparatus was designed 
in which minimum distance between distilling flask and re
ceiver was obtained by using an “inside receiver” and which 
also permitted collection of the arbitrary fractions without 
interruption of distillation.

Because of the size and shape of the new apparatus, exact 
calculations are either extremely difficult or impossible, and 
proper proportioning of the parts was made solely on a trial 
and error basis in various experimental models. Citing the 
dimension of these earlier models is without value. For most 
purposes, the dimensions of larger or smaller equipment to 
purify materials with boiling points falling between 60° and 
300° C. can be made proportional to those of the unit here 
described. If departure must be made from the proportions 
given, a very elementary principle of distillation should be 
rigidly adhered to—i. e., the volume of the distilling flask plus 
the volume of the condenser chamber and connections should 
be substantially less than the volume which the sample will 
occupy when transformed into vapor at its boiling point. 
Unless this principle is observed, reflux action will prevent 
distillation, especially with high boilers or mixtures with high 
boiling components.

Apparatus

The apparatus (Figure 1) consists of the distilling flask A with 
a capacity of 3 to 5 ml. The lower section of neck if is 5 mm. in 
diameter: its upper section, 10 mm. in diameter, connects the 
flask with the chamber, C. This chamber has two openings; 
the one on top is 25 to 30 mm. in diameter and into it is fitted 
condenser E with a ground-glass joint at e. ( f  ‘/s ground-glass 
joints, while not specified for the model which the author is 
currently using in his practice, will be used in future units.) The 
condenser is drawn out to a tip and is cooled by a stream of cold 
water which enters through the glass tube, i, filling the condenser 
and emerging at o. Since the effective condenser surface is 
small, tubes i and o are of a relatively large diameter (5 mm.) to 
permit very rapid replacement of cooling water. Tube D, 20 
to 25 mm. in diameter, lies within C and is fitted with a ground- 
glass joint at d. This tube has a 5-mm. hole at p through which 
the distillate drops from the tip of the condenser into the receiver 
unit, F. This unit consists of 3 small beakers of 1-ml. capacity 
each, made of glass and attached to each other by fusion. It is 
placed in tube D through the opening which is closed during dis
tillation with rubber stopper e. D has a slightly flattened floor 
to provide a better footing for the receiver. The two outer 
beakers of the receiver unit are fitted with glass buttons elevating 
the beakers 0.6 cm. (0.25 inch) above the flattened floor of D to 
insulate the beakers, so that reheating of the distillate is re



82 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. 15. No. 1

tarded as much as possible when running high boiling point 
samples. The receiver is moved under the condenser tip by 
means of the glass rod, b, which passes through the bore of 
stopper c. (6 is not fused to the receiver unit, as might appear 
from the picture. Adjustment of the receiver unit could perhaps 
be made easier at first by providing a glass loop on the unit to be 
engaged by a hook on the end of b.) Since the rod must fit 
tightly, it may be lubricated with glycerol if necessary. The 
apparatus is easily and quickly assembled and cleaned.

Operation is very simple. The liquid to be distilled is placed 
in A through the top opening by means of a pipet. For vacuum 
distillations, a porcelain chip is added to suppress bumping. 
However, even if bumping occurs, the collected distillate is not 
likely to be contaminated, since the receiver is almost entirely 
shielded from splashed or entrained liquid. This protective 
arrangement, which also prevents the rubber stopper from com
ing into close contact with the vapors, is one of the principal 
features of the design. Heat is applied according, to require
ments, by direct flame, a constant-temperature bath, or electric 
hot plate.

For best results heat should be slowly and carefully applied. 
All the distillations cited, including the acetone-ethyl alcohol 
mixtures, required a minimum of 15 minutes. Since micro
distillations are usually run without temperature readings, a 
fair degree of temperature control is obtained by the thermom
eter of the bath or a calibrated rheostat in the hot-plate 
line. The apparatus may be used for distillation under nor
mal or reduced pressures. Its efficiency has been tested with 
many liquids with boiling points from 60° to 300° C. as follows:

Three groups of liquids were selected for tests with boiling 
points under 120° for distillation at normal pressure, 120° to 
200° for distillation at about 15 mm. pressure, and 200° to 300° 
for distillation at about 0.1 mm. For the first group, 3-cc. 
samples of acetone and ethyl alcohol mixtures were made in the 
ratios of 1 to 1, 1 to 2, and 1 to 3. On distillation of the 1 to 1 
mixture, the first fraction of about 1 cc. was found to be pure 
acetone, as evidenced by refractive index and odor. The third 
fraction, also of about 1 cc., was found to be pure ethyl alcohol. 
Similar good results were obtained for the other ratios.

For the second group a mixture of benzaldehyde (boiling point 
179°) and benzoyl chloride (boiling point 198°) was distilled at a 
pressure of about 15 mm. Carbon and hydrogen determinations 
showed the first and third fractions to be practically pure separa
tions.

For the third group a mixture of lauric acid (boiling point 225°) 
and myristie acid (boiling point 250°) was distilled at 0.1 mm. 
and gave almost complete separation of these two fatty acids. 
Separate refractionation of the first and third fractions then 
yielded pure fatty acids as determined by elementary analyses.

The efficiency of separation of any distillation equipment is 
governed by many factors. The one factor which imposes 
greatest limitation on a microdistillation apparatus is that of 
the range of difference in boiling points of components in a 
mixture. In the equipment described, mixtures with com
ponents having only a 20° difference in boiling points are 
readily separated without interruption to collect the lower 
fraction. As the difference increases to about 40° continuous 
fractionation becomes increasingly difficult, and with a dif
ference of over 50° fractions must be taken off separately. 
When continuous separation is attempted, the lower boiling 
component, depending on the vacuum used, mil either be 
exhausted by the vacuum system, or condensed, reboil, and 
also be discharged by the vacuum system.

Thus for a mixture involving components with more than a 
50° difference in boiling points, this apparatus can recover only 
one component continuously, though both may be recovered 
if the convenience of continuous operation is sacrificed. For 
materials with boiling points above 250°, fractionation be
comes increasingly difficult because of bumping tendencies, 
larger losses due to surface wetting, and the tendency for re- 
fluxing to occur at higher distillation temperatures.

Microdistillation apparatus is intended primarily for puri
fications by means of distillation methods. Several practical 
cases encountered by the author in his practice illustrate its 
use.

A research residue of about 5 cc. was submitted for purification 
and confirming identification. The sample was thought to be 
quinoline (boiling point 238°) containing about 10 per cent of 
aniline (boiling point 184°). On distilling a 3-cc. sample, the 
last two beakers of the receiver (about 1 cc. each) contained 
pure quinoline as determined by elementary analysis. The 
fraction in the first beaker proved to be aniline.

Another research residue consisting of 7-picoline (boiling point 
143°) containing about 20 per cent of a-picoline (boiling point 
128°) was separated at 15 mm. and the last two beakers (1 cc. 
each) yielded pure 7-picoline checked by refractive index. Ten 
per cent of the 4-cc. sample distilled was lost.

In the above cases both components were recovered and iden
tified. An example of wide differences in boiling points was 
presented by purification of a glycerol-water mixture submitted 
for identification of glycerol. Because a vacuum of 0.1 mm. was 
used, the water estimated to be about 10 per cent could not be 
collected, since at this pressure it passes into the vacuum system 
without condensing. Pure glycerol was obtained and checked 
by both refractive index and elementary analysis. Only 75 per 
cent of the glycerol was recovered. The comparatively high 
loss of 25 per cent was caused by heavier wetting films due to 
high viscosity.

While these examples generally indicate use of this micro
distillation equipment, it is difficult to state precisely the 
exact limitations of any microdistillation apparatus for puri
fication work. Each problem requires individual handling 
and successful use is largely dependent upon the skill and 
judgment of the operator.

Since the term “microquantities” is purely relative, samples 
smaller than 5 cc. are, in the author’s conception from the 
standpoint of distillation, considered “micro” and are best 
distilled in the apparatus described. For samples larger than 
5 cc. macro designs can be employed because in most instances 
losses of sample due to retention by glass surfaces are of no 
consequence. The apparatus with the dimensions described 
in this paper is suited to distilling 2- to 4-cc. samples. The 
same design properly proportioned can be made for any 
microquantity down to 0.5 cc. For still smaller samples, the 
apparatus of Craig (1) is recommended, which collects the 
distillate as an adhering drop on the indented tip of the con
denser.

In the design of the apparatus described, the size of the 
receiver beakers is a critical factor for determining the other 
dimensions of the apparatus parts.

If, for example, 1 cc. of liquid is to be distilled and three ar
bitrary fractions are to be taken, the total capacity of the three 
receiver beakers need not be larger than 1 cc., thus making the 
volume of each beaker about 0.3 cc. Such a receiver unit can be 
constructed much smaller than a receiver unit of 3-cc. capacity, 
and hence tube D, chamber C, and condenser E can all be of 
smaller dimensions. It also follows that as the number of beakers 
in a receiver unit are increased, their individual capacity must be 
decreased in order to maintain their proper relation to tube D, 
location of hole p, and the condenser tip.

Since parts can be easily made in proportion, an apparatus 
of proper size can be made for any microquantity from 0.5 to 
5 cc., making it for all practical purposes a truly universal 
microdistilling apparatus.
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The application of the polarographie method of an

alysis expands steadily. Some of the analysis being 

made with the Heyrovsky Polarographs now in use 

include the analysis of brass; of steel and iron; of lead, 

magnesium, nickel, and zinc alloys; of metallic impuri

ties in aluminum; of lead and zinc in paints; of major 

constituents in plating solutions; and the differentia

tion of waters. Accuracy; rapidity; the possibility of 

detecting and identifying minute quantities and of 

making simultaneous determinations of several com

ponents; small sample requirement; preservation of 

sample; and permanent photographic recording of

every analysis are some of the reasons why the 

Heyrovsky Polarograph is becoming so widely accepted.

The procedures established thus far by no means de

fine the field of polarography— the perfected instru

mental system of the Heyrovsky Polarograph creates 

unlimited possibilities for analytical and research ap

plications.

A bibliography of more than 700 papers dealing with 

the polarographie method of analysis and a booklet 

discussing the Polarograph and polarographie analysis 

are available without charge on request.

E. H. SARGENT & CO., 155-165 E. Superior St., Chicago, Illinois
M ichigan Division: 1959 East Jefferson, Detroit, M ichigan

S A R G E IV T
S C I E N T I F I C  L A B O R A T O R Y  S U P P L I E S
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L a M O T T E  C H E M I C A L  
CONT ROL  SE RV I CE

Embraces a Wide Field
pH . . . Boiler Feed Water . . . Chlorine  

Soils . . . Water Treatment, E lectroplating, 

Papermaking, Sugar Processing, Leather, etc.

I f  you have an operation requiring routine chemical 
control tests, we will gladly tell you how they can 
be simplified with standardized outfits that are ac
curate, inexpensive, and easy to operate. There is 
no charge or obligation for this service.

The LaMotte Research Department, in coopera
tion with authorities, has developed standard tests 
for every industry. Hundreds of operators have 
come to us with their problems, and we have sup
plied definite data concerning the application of 
tests to their specific operations. Simply write 
us, outlining the nature of the operation involved.

L a M O T T E
C H E M I C A L  PRODUCTS CO.

Originators of Practical Application of pH Control 

Dept. T .r Towson, Balt imore, Md.

C o o r s  P o r c e l a i n
GOLDEN, COLORADO

Vol. 15, No. 1

T o  S a v e  Y o u r  T i m e  .  .

COORS • CHEMICAL AND SCIENTIFIC PORCELAIN WARE

ßaiic Ĉ aipmcnl O F  A L L  M O D E R N  T E S T I N G  L A B O R A T O R I E S

From t he  DIE P O T
comes g la m o ro u s  

color to please the 

eye and  cha l lenge  

the imagination...........

Truly COORS ware 

is an essential prod

uct in the manufacture 

of

WHATMAN Folded Filter Papers 

Nos. iz  and 14 are great time savers in 

the laboratory. They filter faster than 

unpleated papers of the same degree of 

retentiveness and they are ready to drop 

in the funnel without any time consum

ing preliminaries.

Workers in Sugar, Fertilizer, Water, 

Hospital and countless other types of 

laboratories look upon WHATMAN 

Folded Filter Papers as long tried and 

true friends.

WHATMAN No. iz  is the ready 

pleated paper for general work, avail

able in circles from iz .5 cm to 50 cm 

diameter; No. 14 has parchmentized 

points to prevent breaking, even with 

the heaviest solutions and is available 

in sizes 31, 38.5 and 50 cm diameter 

only.

Like all WHATMAN Filter Papers, 

all sizes are available for immediate 

shipment through all dealers in Labora

tory Apparatus.

Samples cheerfully supplied.
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The A  m e r i c a n  P l a f i n u m  W o r k s
N. J. R R. A VC. AT O L IV C  R ST.

N e w a r k , N . J . -

S T A N D A R D  100 ML  P L A T I N U M  DI SH — A C T U A L  S I ZE — FI G.  1 IN O U R  C A T A L O G  E 17

LU M E TR O N  M O D E L  400

Accurate and dependable for 
routine colorimetric and tur- 
bidimetric analysis.

An ideal instrument for c lin i
cal and metallurgical work and 
for industrial and educational 
laboratories.

• Simple to operate
• Portable, Compact, Rugged
• Always Ready For Readings
• Plugs into A ny 105 to 130 

V o lt A .C . or D.C. Light C ir
cuit.

Complete w ith  6 color filters 
and 12 matched test tubes. . . .  $ 1 0 5

IFRITE FOR INFORMATIVE BULLETIN

~k ★ 

C H E M I C A L  D I S T I L L A T I O N

E Q U I P M E N T

W e are proud that Hicks' Chemical D istillation Equip
ment isdo ing its p a rtin a id in g  industry in  th e w a re ffo rt.

V  S TILLS
V  TOWERS
V  e v a p o r a t o r s

V  k e t t l e s

V P R E S S U R E  v e s s e l s  

V E X T R A C T O R S

S. D. HICKS ENGINEERING CO., I n c .

Engineers and Designers o f Chemical 
D istillation Equipment 

1671 HYDE PARK AVE., HYDE PARK, MASS.

S C H A A R  & C O M P A N Y
Complete Laboratory Equipment 

754 WEST LEXINGTON ST., CHICAGO



January 15, 1943 A N A L Y T I C A L  E D I T I O N 15

— for Melting, Drying, Evaporating
and  other Labo ra to ry  Uses 

" GUemca"  INFRA RED

D R Y I N G  L AMP
V

A convenient, multi-purpose lamp for laboratory use —  Handy 
for such needs as evaporating, melting, drying precipitates, ad
justment of temperatures of liquids, heating equipment, etc.

Uses standard G. E. 250-watt R 40 Drying Lamp —  a complete unit 
with self reflector and direction control of radiant heat, adjusting 
clamp allows for varying of the lamp position on standard to ob
tain approximate control of heat intensity.

Results are rapid, owing to the high efficiency of bulb which de
velops high radiant energy.

E 7151— Lamp complete with cord and clamp ready for attaching
to stand (without stand)............................................................ $3.75

E 7150 —  Bulb on ly ................................................................... $1.75 Catalog No. E 7151

THE CHEMICAL RUBBER COMPANY
2310 Superior Ave. N. E. C leveland, Ohio

Laboratory Apparatus •  Chemicals •  Rubber Goods •  Handbook of Chemistry and Physics

MICRODiTERMINATION OF IRON
REAGENT— Nitroso-R Salt 

METHOD —  Colorimetric 

REFERENCE— Sideris, Ind. Eng. Chem., Anal. Ed., 14, 756 (1942)

The green color formed by ferrous iron with Nitroso-R Salt at pH 8 
to pH 10 is proportional to the amount of iron present and can be 
measured easily with a photoelectric colorimeter. The method is espe
cially suitable for the microdetermination in plant tissues of iron in con

centrations of from 0.2 microgram to 50 micrograms. Quantities as small 
as 0.2 microgram can be determined accurately.

Ferric iron is reduced to the ferrous state with hydroxylamine sulfate, 
and sodium acetate or ammonium hydroxide is used to maintain the 
proper pH.

Write for an abstract of the article in which the colorimetric determina
tion of iron with Nitroso-R Salt is described. Eastman Kodak Com
pany, Chemical Sales Division, Rochester, N . Y.

T h e r e  a r e  m o r e  than 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
< O D A K .
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WILL C O R P O R A T I O N  

ROCHESTER, N. Y.
Office and Warehouses

Will Corporation, 596 Broadway, New York City 
Buffalo Apparatus Corp., Buffalo, N. Y.

A large red sweep second hand travels once 

around the dial in 60 seconds. The black hand 

indicates number of minutes up to one hour. 

The self-starting motor is controlled by a handy 

switch lever on the left upper side of the case. 

The push button at the top returns both hands to 

zero setting.

The 5V2 inch diameter dial face and large, clear 

numerals insure visibility; graduated in y 2 second 

divisions; each full second interval is l/ i inch 

long permitting ready estimation of split seconds; 

switch lever is instantaneous in action— no lag.

Mounted in attractive lacquered metal case with 

4-ft. flexible cord and plug. For 105-120 volts, 

60 cycle A.C. only.

High Temperature Furnaces
W e  are experienced and successful in the design 

and manufacture of high temperature furnaces particu
larly for research laboratories requiring a range from 
2 0 0 0 °  to 3 0 0 0 °  F. In this field we have served some 
of Am erica's leading Chemical and Industrial plants.

If your furnace requirements are unusual, our de
signs as well as our quotations will interest you. 
Address Harper.

H L-7610-F High 
Temperature Electric 
Laboratory Furnace

N I A G A R A  F A L L S  
N .  Y.

TOPS IN QUALITY
jjO A  łt u łb e  t h a n .

H A L F  A C E N T U R Y !

ELECTRI C  
I N T E R V A L  T I M E R

For tim ing  split-second intervals 

up to 60 m inutes

A rugged, accurate, attractively designed elec

tric timer— replaces a stopwatch for many 

laboratory purposes. Operates from 60 cycles, 

105 to 120 volt A.C. current.

HARPER
E L E C T R I C
F U R N A C E
C O R P O R A T I O N

INDUSTRIAL 

LABORATORY TABLE 6610

One of the best methods we have of 
judging the merit of our furniture is the 
reaction of our users . . . twenty and 
thirty years after their first purchase 
they came to Peterson for their current 
requirements... convinced that Peterson 
quality and experience is the soundest 
foundation in the world upon which to 
build their laboratory requirements.

Write lor 
PETERSON'S 

Furniture Catalog. 
Gratis of course.

LEONARD P E T E R S O N  & CO., Inc.
1222-34 FULLERTON AVE. CHICAGO, U. S. A.
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L U M E T R 0 N
PhotoelectricCOLORIMETERand FLUORESCENCE METER

A high precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

Mod. 402EF for determination oi Vit. Bi and Bi

Also

Reflection Meters Electronic Vit. A Meters
Clinical Colorimeters Electronic Photometers
Continuous Flow Colorimeters Electronic Interval Timers

Barrier-Layer Photocells

Write for Literature. Prompt D elivery.
P H O T O V O L T  C O R P .

95 Madison A ve. New York City

P R E C I S I O N  A P P A R A T U S
For Difficult

Combustion Procedures

Parr Fuel Calorimeters permit accurate, simplified calorific
evaluations of any combustible material—solid or liquid. They are 
of three types: Adiabatic, Oxygen and Peroxide.

Parr Oxygen Bombs are used for determinations of sulphur and 
other constituents in oils, petroleum products, organic chemicals, 
coal and other carbonaceous materials.

Parr Sodium Peroxide Bombs assist in the oxidation of samples
prior to the determination of sulphur, the halogens, phosphorous 

and other elements in difficultly soluble organic materials.

W A N T E D !
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Parr Peroxide Com
bustion Bombs fea 
ture ample capacity, 
ingenious construc
tion , a h igh fac to r o f  
safety and ra p id  
opera tion . Bui. E-64 
M o d e l  A C - 1  5 ,  
above, has half-gram  
capacity . M o d e l 
A C -12, above at 
r igh t, fu ll gram  
c a D a c itv .

Parr O xygen Bomb C a lorim 
e te r —  ava ilab le  with either 
a single valve, self-sealed 
bomb, o r double valves, also 
self sealing. Bui. N o. 63

Parr Adiabatic  
Bomb Calorim
eter (below) —  
a compact, self- 
contained unit 
with a circulating 
water jacket. 
Adiabatic tem
perature control 
eliminates a ll 
corrections for 
heat loss

Specia lists  in design ing  and  bu ild ing  equipm ent for "exacting" reactions or determ inations since 1899. A  partia l lis t includes:
•  CATALYTIC HYDROGENATION APPARATUS
•  MELTING POINT APPARATUS
•  FUEL TESTING EQUIPMENT
•  BOTTLED GAS VALVES
•  TURBIDIMETERS

Write to us direct, or see your laboratory supp ly  dealer

P  Ä P P  I N S T R U M E N T
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