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I t  describes and Prices L &  N  
Equipment for p H  Determina
tion. Data and characteristics 
c f  electrodes, measuring and 
accessory equipment facilitate 
intelligent selection.

Q la s s  ( t e d w k
I....

Glass Electrode with No. 7652 Guarded Potentiometer 
and Dual Galvanometer

EQUIPMENTS FOR pH DETERMINATIONS
V E R S A T I L E  • • • D E P E N D A B L Y  A C C U R A T E  • • • IN S T A N T L Y  A V A I L A B L E

Glass Electrode with Potentiometer-Electrometer

A glass-electrode set-up is the nearest approach to a uni
versal m ethod of m aking pH  determ inations. L&N 
potentiom eters for use w ith glass electrodes are of two 
types:

The Guarded pH Indicating Potentiom eter is
used w ith an external b a tte ry  and galvanom eter of high 
sensitivity. T h e  resistors for dam ping and protecting 
the galvanom eter, also the standard  cell, are contained 
w ithin the potentiom eter housing. N o. 7652 P o ten ti
om eter is calibrated in m illivolts; range —400 to 
+ 2 6 0  millivolts. L im it of error =*=3.3 millivolts, equiv
alent to * 0 .0 6  pH . N o. 7657 Poten tiom eter has 
hand-operated  tem perature com pensator (10 to 40 C) 
and  is calibrated  in pH  units (1  to 12.5 pH ). L im it of 
error ± 0 .0 8  pH .

Portable Potentiom eter-Electrom eter. A thor
oughly shielded stage of therm ionic am plification makes 
possible use of built-in, com pact pointer galvanom eter. 
C alibrated in volts, the range of 0  to 1 .1 0 0  volts is su it
able for use w ith any pH  electrode or for oxidation- 
reduction m easurem ents.

The Glass M easuring Electrode, used w ith an 
im proved calomel reference electrode, is the m ost versa-

¿•C 9« ( 3)

L E E D S  & N O R T H R U P  CO M PAN Y
4920 S T E N T O N  A V E N U E  P H IL A D E L P H IA ,  PA.

tile available for pH  determ inations. I t  is suited for 
use in practically  any solution over the range of 1 to 12  
pH  including those containing oxidizing and reducing 
agents. In  the case of solutions containing sodium 
salts o f high concentration, the useful range is 1 to  9.6 
pH . T he electrode is dependable, accurate, instan tly  
available, non-poisoning and will not contam inate  the 
unknow n. I ts  lim it of error is ± 0 .1  pH  which m ay be 
reduced to =‘=0 .0 2  by checking against a buffer solution.
GLASS ELECTRODE AND POTENTIOMETER-ELECTROMETER ....$273.20
Complete including calomel electrode, improved electrode holder 
and chemicals, but not beaker.
GLASS ELECTRODE WITH NO. 7652 pH GUARDED POTENTI
OMETER AND DUAL G A LV A N O M ETER .......................................... 175.70
Price complete including 'calomel electrode, improved electrode 
holder, insulating guard plate and chemicals, but not beaker, nor 
dry cell.
GLASS ELECTRODE WITH NO. 7657 GUARDED POTENTIOMETER 
AND DUAL G A LV A N O M ETER ............................................................  220.70
Same as above, except potentiometer is calibrated in pH units and 
equipped with hand-operated temperature compensator.

Send For Th is 
New Catalog 

EN -96

'------ ' LEEDS & NORTHRUP
MEASURING INSTRUMENTS • TELEMETERS • AUTOMATIC CONTROLS • HEAT-TREATING FURNACES
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T H E  C H E M I S T R Y  of  t h e  T R I B O R O U G H  B R I D G E

P lanned  to  re lieve th e  ever-increasing  traffic prob lem  
in th e  N ew  Y o rk  M e tro p o lita n  area , and  to  fac ili
ta te  m o to r  veh ic le  trav e l be tw een  th e  b o ro u g h s  of 
Q ueens, M a n h a tta n  and  th e  B ronx , th e  T rib o ro u g h  
B ridge is a n o th e r  exam ple  o f  m odern  en g ineering  
ach iev em en t.

R ep resen tin g  an  ex p en d itu re  o f  $63,000,000 fo r 
lan d  and la b o r , iro n , s tee l, concre te , cem ent, l ig h t 
ing , and  o th e r  eq u ip m en t, th e re  w as a n o th e r  item  
w h ic h  p layed  an  eq u a lly  im p o rta n t, th o u g h  less

spec tacu la r p a r t  in  th e  successful co m p le tio n  o f  th is  
enorm ous p ro jec t. We refer, o f  course, to  th e  reag en t 
chem icals w h ic h  w ere used by  research  ch em ists  for 
th e  analy sis  and  te s tin g  o f  basic  m a te ria ls  used in 
th e  w o rk  o f  co n stru c tio n .

In  such  ex ac tin g  la b o ra to ry  w o rk , M erck  R eag en t 
C hem icals are used by e x a c tin g  ch em ists  because 
th e ir  p u r ity  and  d e p e n d a b ility  in su re  u n ifo rm ly  
sa tis fa c to ry  results. Catalogue on  req u est.

M E R C K  & C O .  I N C .  ^ M a n u f a c t u r i n g  H / e m i - l U  R A H W A Y ,  N .  J .



6 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. \

A. H. T. CO. SPECIFICATION

KJELDAHL 
RUBBER STOPPERS

Of a new, black, non-blooming, 
heat-resisting composition

8822

KJELDAHL RUBBER STO PPER S, A. H . T. 
Co. Specification. M ade of a  new, black, pliable, 
non-bloom ing, heat-resisting  com position, w ith  
low sulfur co n ten t an d  contain ing  a  large per
centage of pure  gum . T h is new  com pound 
possesses g rea t tensile s tren g th  and  w ith stan d s 
oxidation to  an  unusual degree.

C ustom ers repo rt g rea t sa tisfaction  in  th e  use 
of these S toppers because of th e ir  long life. One 
custom er reports  stoppers exposed continuously  
to  live steam  under slight pressure for tw o m onths 
showed no sign of deterio ra tion . A nother re
po rts  stoppers in  co n stan t use for e igh t m onths 
were still in  perfect condition, while o rd inary  
stoppers requ ired  tw o renew als in  th e  sam e period.

R ubber Stopper, Kjeldahl, A. H. T. Co. Speci
fication. For use w ith 500 ml or 650 ml Pyrex 
Kjeldahl Flasks; top diam eter 32 mm, bottom  
diam eter 26 mm, height 34 mm. The one-hole 
stoppers have a hole 10 mm diameter. Average 
14 to the pound.
S ty le .............................................. Solid 1 hole

Per lb .......................................................95 .95
Code W ord..................................  Oaofn Oaojf

Ditto, bu t for use w ith 800 ml Pyrex Kjeldahl 
Flasks. Top diam eter 39 mm, bottom  diam eter 
28 mm, height 35 mm; w ith hole 10 mm dia
meter. Average 14 to the 
pound.
S tyle.............................................. Solid 1 hole

8822.

8822-A.

P er lb......................................................... 95 .95
Code W ord..................................  Oaoro Oaosm

5%  discount in lots of 5  lbs. 1 
10% discount in  lots of 10 lbs. > Assorted 
20% discount in lots of 25 lb s .)

Sample of either of above Stoppers sent upon request, 
to organized laboratories under professional direction.

NEW MODEL

VANIER  
ABSORPTION BULBS

FOR SO LID  ABSORBENTS

ABSORPTION BULBS FOR SOLID AB
SO RBENTS, Vanier, N ew  M odel. Designed 
especially for th e  absorp tion  of carbon dioxide 
in  th e  d e te rm ina tion  of carbon in  steel by  the  d ry  
com bustion  m ethod , b u t also efficient w hen used 
w ith ap p ro p ria te  solid absorben ts for the  ab 
sorp tion  of m any  gases and  vapors, including 
m oisture.

T he shape of these bu lbs secures th e  necessary 
s ta b ility  on the  bench an d  on th e  balance. T hey  
are  ligh t in  w eight as com pared w ith  th e ir  ca
p ac ity  b u t are of s tu rd y  construction . For ex
am ple, a N o. 3841 B ulb  used in a te s t ru n  had  the 
following characteristics: w eight em p ty  49.33
gram s, capac ity  80 ml, A scarite  required  for 
charging 67.6 gram s, w eight of charged bulb 116.9 
gram s, w eight of CO2 absorbed— allowing a wide 
m arg in  of sa fe ty— 14 gram s. B ulbs 3S41-A and  
3841-B hold th e  sam e am o u n t of ab so rben t as 
N o. 3841.

All th ree  form s can be convenien tly  charged 
and  cleaned of the  exhausted  reagents.
3841. Absorption Bulb for Solid Absorbents, Vanier, 

New Model, as above described, w ith rubber 
stopper carrying a glass outlet tube. W ith 
detailed directions for charging and clean
ing ...............................................................  2.00
C odeW ord ................................................. Dyyhn

3841-A. Ditto, but. with, ground glass stopper and w ith out
let tube fused to the neck of the b u lb . . 3.50
Code W ord.,...............................................  Dijykh

3841-B. Ditto, two com partm ent type, for use w ith a 
desiccant to  absorb moisture in the upper com
partm ent and an absorbent in the lower 
com partm ent. W ith ground glass jo in t between 
the com partm ents which communicate through 
a  gooseneck glass tube fused to the bottom  
of the upper compartm ent. The gases are 
discharged through a  ground glass stopper and 
outlet tube fused to the neck of the bulb. 5.50 
Code W ord.................................................  Dyymd

Prices su b je c t to  change iv itlio u t n o tice

ARTHUR H. T H O M A S  COMPANY
R ETA IL—W HO LESA LE— EX PORT

LA B O R A T O R Y  A P P A R A T U S AND R E A G E N T S
W EST WASHINGTON SQUARE 

PHILADELPHIA, U.S.A.
Cable Address, “B alance,” Philadelphia
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Determ ination o f Carbon M onoxide in Air
ADAM A. CH R ISTM A N , W A LTER D. BLO CK, AND JU L IU S  SCH U LTZ 

U n iversity  o f  M ich ig an  M edical S chool, A nn  A rbor, M ich.

THE most commonly accepted methods for the determina
tion of carbon monoxide in air are so well described 

elsewhere {1, 5, 8, 11) that only a brief mention of them will 
be made in this paper. The iodine pentoxide method, which 
depends upon the liberation of iodine when the dried gas 
mixture containing carbon monoxide is passed over heated 
iodine pentoxide, is probably one of the most accurate and 
sensitive. Accurate results, however, can be obtained by 
this method only by skilled analysts, who appreciate the many 
sources of error in each step of the method, from the prepara
tion of a suitable sample of iodine pentoxide to the final iodine 
titration. Moreover, because of the time required to season 
the iodine pentoxide and establish reliable blank determina
tions, this method is not convenient if only an occasional 
determination of carbon monoxide is to be made.

Because of the toxicity of carbon monoxide in relatively 
low concentrations, a simple method, which may be used for 
the detection and quantitative determination of from 1 to 10 
parts per 10,000 parts of air, should be of great value. The 
authors believe that analysis by the method described can be 
made with a minimum of special apparatus, without undue 
technical difficulties, and with an accuracy approaching that 
of the iodine pentoxide method. The time required for the 
laboratory manipulations for check determinations is less 
than 1 hour, and concentrations of carbon monoxide which 
would prove toxic if breathed for a period of 1 hour, may be 
detected qualitatively in a few minutes. A rough quantita
tive measure of the carbon monoxide, based on the time re
quired for the qualitative test, is also obtained in the same 
procedure.

P rin c ip le  o f  P resen t M eth od
The air under examination is brought in contact with pal

ladium chloride and if carbon monoxide is present, the follow
ing reaction occurs: CO +  PdCU +  H20  =  Pd +  CO2 +  
2HC1. Bóttger (8) was the first to use palladium chloride for 
the detection of carbon monoxide, and it has since been used 
by various workers, notably C. Winkler (12) and Brunck (4), 
for the quantitative determination of carbon monoxide. 
These latter authors were interested in the measurement of 
relatively high concentrations of carbon monoxide and cal
culated their results from the weight of metallic palladium 
formed in the above reaction. More recently, however, L. 
Winkler (13) has utilized this reaction for the deter
mination of carbon monoxide in concentrations compa
rable to those given in the present work. By his procedure, 
the metallic palladium formed in the reaction is treated with 
bromine in excess of that required to form palladium bromide

and the excess bromine is determined by titration. A recent 
Bureau of Mines publication (2) has reviewed the detection 
and semiquantitative determination of carbon monoxide by 
ampoules containing palladium salt solution.

In the present method, a definite volume of palladium 
chloride solution is exposed to the air containing carbon 
monoxide and after the reaction of carbon monoxide and palla
dium chloride is completed, the excess of the chloride is sepa
rated from the metallic palladium by filtration, and the palla
dium chloride is determined colorimetrically. The addition of 
potassium iodide, in excess of that required to precipitate the 
palladium chloride as palladous iodide, dissolves the latter 
salt to give a red solution, which, in the presence of a pro
tective colloid such as gum ghatti, remains perfectly clear for 
at least 24 hours. This procedure for the colorimetric deter
mination of palladium chloride was employed by Christman 
(6) for the determination of carbon monoxide in blood.

R eagen  ts
G u m  G h a t t i  S o l u t io n . Five grams of gum ghatti are added 

to 500 cc. of distilled w ater and allowed to  stand  for 24 to  48 
hours w ith o c c a s io n a l  s h a k in g .  
After filtration, a  clear solution re
sults which appears to  keep indefi
nitely, although it becomes slightly 
turbid on standing and m ust be re- 
filtered from time to time.

A l u m in u m  S u l f a t e . A 10 per 
cent solution.

P o t a s s iu m  I o d id e . A  solution 
containing 15 grams of this salt per 
100 cc. of solution. Since this solu
tion develops a  yellow tinge on 
standing, only enough for immediate 
use is prepared.

P a l l a d iu m  C h l o r id e  S o l u t i o n . 
Five hundred milligrams of palla
dium chloride (Baker and Company) 
dried a t 100° C. for 1 hour are 
placed in a 400-cc. beaker and 
covered w ith 150 cc. of distilled 
water, 2.5 cc. of concentrated h y 
drochloric acid are added, and the 
mixture is heated until complete 
solution of the palladium chloride 
1 esults. After cooling, th is solution 
is transferred to  a  500-cc. volu
metric flask and made up to  volume. 
Analysis of the resulting solution 
by the standard gravimetric proce
dure, which consists of th e  precipi
tation  of palladium in acid solution 
as the salt of dimethylglyoxime (9), 

F i g u r e  1. A p p a r a t u s  indicated th a t the palladium chlo-

153
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ride was 99.5 per cent pure. I t  is advisable, if large volumes 
of th is solution are made, to  store it in a number of well-stoppered, 
small bottles ra ther th an  in  one large bottle, to  minimize the de
terioration due to  exposure to  air and dust when samples are re
moved for use.

P roced u re
The apparatus required for this determ ination is shown in 

Figure 1. F lask A  is a 500-cc., round-bottom ed, short-necked 
Pyrex flask, fitted through a one-hole rubber stopper w ith a two- 
way stopcock, B. The volumes of these flasks w ith the s to p  
cocks in position m ust be determined, and for convenience in 
calculation, it is desirable th a t these flasks be of approximately 
th e  same volume. The flasks used in the present work varied in 
volume from 528 to  532 cc. One of the upper outlets of the 
stopcock is fitted with a small reservoir, C, whicn has a capacity of 
approximately 7 cc. The second upper outlet of the stopcock, D, 
extends upward for 2 to  3 cm. and is then bent a t  right angles 
away from the reservoir for another 2 to  3 cm. The lower out
let of the stopcock is cut off a t approximately 4.5 cm. and pro
trudes through the lower surface of the stopper far enough (0.5 
to  1.0 cm.) to  ensure the passage of palladium chloride into the 
flask w ithout contact with the stopper. The inside diam eter of 
tube D  should be less than  1.5 mm.

The flasks are attached to  a  vacuum pump, connected w ith a 
m anometer evacuated to  less than  1 mm. of pressure, and the 
stopcocks are closed. There is no appreciable change in the pres
sure within these flasks a t  the end of 24 hours, provided the stop
cocks are properly ground and greased and all rubber connections 
are tightly  fitted. Stopcocks th a t do not m eet these requirements 
should not be used. Lubricants which contain ingredients th a t 
react with palladium chloride m ust not be used. Lubriseal (Arthur
H . Thomas Company) has proved satisfactory. The samples of 
gas for analyses are obtained by opening the stopcocks of several 
of these evacuated flasks until equilibrium w ith the air to  be 
analyzed is attained. Tube D  of the flask containing the sample 
to  be analyzed is connected by pressure tubing w ith tube D of an 
evacuated sample flask of approximately the same volume. The 
stopcocks are now turned so th a t the contents of the two flasks 
are brought into equilibrium. After a  few seconds, the stopcocks 
are closed and the flasks are disconnected.

Three cubic centimeters of the palladium chloride solution and 
0.2 cc. of the aluminum sulfate solution are introduced into reser
voir C and quantitatively transferred to  the flask by three 1-cc. 
washings of distilled water. Care is taken a t all times to prevent 
the access of air into the flask. The flask is now shaken gently 
a t various intervals for the next 2 hours, particularly during the 
period when the major p art of the metallic palladium is forming, 
to prevent the formation of a  layer of metallic palladium on the 
surface of the liquid which will prevent the free access of the 
carbon monoxide to the palladium chloride. The presence of 
aluminum sulfate facilitates the flocculation of the colloidal 
palladium. After the period of shaking, the flasks are allowed to 
stand  a t least 4 hours before the determination is completed; in 
most of the authors’ work, the flasks were allowed to stand over
night or for 24 hours. In  comparative studies, the results for 
the 6-hour period of reaction were sometimes identical w ith those 
obtained for the longer period, and in other cases, slightly lower. 
The differences, however, are so small th a t for practical work 
the shorter period of reaction is recommended.

The excess of palladium chloride is now quantitatively sepa
rated from the metallic palladium by filtration into 50-cc. volu
metric flasks. The volume of liquid in the 50-cc. flasks, after the 
apparatus and filter paper have been thoroughly washed, is 
usually 25 to  30 cc. If the filter paper is satisfactory, this solu
tion should be perfectly clear. Schleicher and Schull 5.5-cm., 
No. 589 Blue Ribbon, or W hatm an No. 40 filter paper has proved 
very satisfactory for this filtration. Two cubic centimeters of 
gum ghatti are added to  the solution and mixed, and 5 cc. of 15 
per cent potassium iodide are added directly to  the solution with 
shaking. Since it has been found th a t small am ounts of palla
dium chloride are adsorbed by the filter paper, these last traces 
of palladium chloride are removed by washing the filter twice 
w ith 2-cc. portions of the potassium iodide solution and once with 
a 1-cc. portion. Each washing w ith potassium iodide solution 
is followed by small volumes of distilled water. These washings 
are filtered directly into the colored solution already in the volu
metric flask and the contents of the flask are finally made up to 
volume. A trace of caprylic alcohol added to the flask will 
minimize the foaming due to  the gum ghatti.

The standard for the colorimetric comparison is prepared by 
the addition of 2 cc. of the palladium chloride solution, 25 cc, of 
water, 2 cc. of gum ghatti solution, and 10 cc. of 15 per cent 
potassium iodide to  a 50-cc. volumetric flask. The last solution 
is added with shaking and the resultant solution made up to

volume. The color produced by the addition of potassium iodide 
reaches maximum intensity in a few minutes and remains con
stan t for a t  least 24 hours. The standard  color is set a t  20 mm.

S a m p l e  C a l c u l a t i o n . The volume of the sampling flask 
and the flask with which it was equilibrated was 530 cc. The 
sample of air was taken at 23° C .  and 744 mm. pressure. 
From the colorimetric determination, it was calculated that
1.582 mg. of palladium chloride had been reduced by carbon 
monoxide. This reduction was due to the carbon monoxide 
in 265 cc. of air, since the flasks to which palladium chloride 
was added were at a pressure of 0.5 atmosphere. One milli
gram of palladium chloride is reduced by 0.1261 cc. of carbon 
monoxide a t 0° C .  and 760 mm. pressure. Therefore:

1.582 X 0.1261 X J g  X f |  X  ^  = 8.34 parts of carbon 
monoxide per 10,000 
parts of air

T „ , ,. 0.1261 X 760 X 10,000
In  the above equation, ---------- v/oiVH----------> w“ lc“  1S¿76 X ¿00
equal to 13.25, will appear in all calculations. Therefore, the 
simplified equation
^2 absolute tem perature a t  which sample was taken ^

d barometric pressure in mm. a t which sample was taken 
milligrams of palladium chloride reduced =  parts  of carbon 
monoxide per 10,000 parts of air

may be used. The value for the first term of this equation 
will vary with the volume of the flask used in the analysis.

B l a n k  D e t e r m i n a t i o n s . Various amounts of metallic 
palladium were mixed with known volumes of palladium 
chloride in flasks as shown in Figure 1. The separation of 
the palladium chloride from the metallic palladium and the 
subsequent colorimetric determination of the palladium 
chloride were made as previously described. There was always 
a small loss of palladium chloride, which was greater in the 
presence of larger amounts of metallic palladium. Since 
such a loss of palladium chloride would yield slightly too 
high results for carbon monoxide, correction factors must be 
subtracted. If 0.5,1.0,1.5, and 2.0 mg. of palladium chloride 
are reduced, subtract from the final values, as calculated 
above, 0.19, 0.28, 0.33, and 0.38 part of carbon monoxide, 
respectively. Occasionally, as pointed out below, when the 
content of carbon monoxide is high, it is desirable to divide 
the sample a second time, so that only one-quarter of the 
original sample is represented in the actual analysis. In such 
a case, the blanks given above would be doubled.

R esu lts

To check the accuracy of the method, definite volumes of 
an analyzed sample of carbon monoxide were transferred 
from an accurately calibrated gas pipet to an evacuated sample 
flask. Air, free of carbon monoxide, was then allowed to enter 
the flask until equilibrium was established. The flask was then 
equilibrated with an evacuated flask of equal volume and the 
analysis completed as previously described. A typical series 
of results, given in Table I, represents analyses made during a 
period of 2  weeks from a carefully analyzed sample of carbon 
monoxide after the analytical procedures had been well 
standardized, and has been corrected for blanks as previously 
described. The average recovery of carbon monoxide is 
95 per cent.

To check the accuracy of the method further, comparative 
analyses were made by this method and the iodine pentoxide 
method.

Five-liter samples of gas were used for the la tte r method; the 
gas was dried by passage over anhydrone and phosphorus pent
oxide before i t  reached the iodine pentoxide. T he  iodine pent-
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oxide was prepared by the method of Lamb, Bray, and Geldard 
(10) and supported on granulated pumice. The oil ba th  con
taining the iodine pentoxide tube was m aintained a t a  tem pera
ture of 160° to  165° C. All glass connections were used from 
the point of entry  of the gas into the iodine pentoxide tube to 
the 10-bulb iodine absorption pipet. The iodine was titra ted  
with 0.01 N  sodium arsenite w ith all necessary precautions. 
Blank determinations were made before and after each analysis.

The results of the comparative analyses, given in Table 
II, indicate a good agreement between the two methods. 
In general, analyses 1 to 6 , in which the gas mixture consisted 
of carbon monoxide and nitrogen, were somewhat higher by 
the present method than by the iodine pentoxide method. 
However, for gas mixtures prepared by mixing carbon mon
oxide with air, analyses 7 to 10, inclusive, and the garage air 
samples, analyses 11 and 12 , the values obtained by the 
present method are 94 to 99 per cent of tha t of the iodine 
pentoxide method. These latter values are in agreement 
with the recoveries of carbon monoxide when known volumes 
of the gas were measured and analyzed (Table I).

T a b l e  I. A n a l y s is  o f  M e a s u r e d  V o l u m e s “ or C a r b o n  
M o n o x id e  b y  t h e  P a l l a d iu m  C h l o r id e  M e t h o d

Experim ent P resent Found Recovery
Cc. Cc. %

1 0.056 0.054 96
2 0.073 > 0.069 95
3 0.107 0.102 95
4 0.130 0.129 99
5 0.151 0.141 93
6 0.153 0.145 95
7 0.186 0.175 94
8 0.204 0.196 96
9 0.212 0.200 94

10 0.244 0.227 93
11 0.267 0.250 94
12 0.298 0.289 97
13 0.334 0.327 98
14 0.386 0.357 93
15 0.421 0.405 96 

Av. 95
° The volumes of gas indicated  in colum n 2 were transferred quan tita tively  

from the  gas b u re t to  the evacuated  500-cc. gas-analysis flasks. Air was 
then allowed to  en ter un til equilibrium  was established. By this means 
sam ples of a ir containing from  1 p a rt of carbon monoxide per 10,000 parts 
of a ir (expt. 1) to  8 parts  per 10,000 (expt. 15) were available for analysis.

The lower values by the present method as compared to 
the iodine pentoxide method for samples 7 to 12, inclusive, 
are due to the interference of oxygen in the reduction of 
palladium chloride by carbon monoxide. This was demon
strated in numerous experiments in the following manner:

After the gas sample had been divided between two flasks, 
and the palladium chloride, aluminum sulfate, and water had 
been added, air, free of carbon monoxide, was allowed to enter 
one flask until equilibrium was established. The reaction of 
carbon monoxide with the palladium chloride was allowed to 
proceed in the second flask a t a pressure of 0.5 atmosphere. In 
every case, the values for carbon monoxide in the latter flask 
were from 5 to  10 per cent higher than  in the flasks in which the 
reaction of palladium chloride and carbon monoxide occurred a t 
atmospheric pressure. To determine why the lower values for 
carbon monoxide were obtained in the flasks to  which air had been 
admitted, pure oxygen and nitrogen were substituted for air in 
experiments similar to  th a t ju s t described. The values for 
carbon monoxide obtained after the admission of oxygen were 20 
to 25 per cent lower th an  control determinations made in the 
usual manner. The values obtained after the admission of 
nitrogen were only 2 to 3 per cent lower than  those of control 
experiments. These results indicated tha t the major inter
ference in the reaction of palladium chloride with carbon mon
oxide, when a ir is adm itted into the reaction flask to  bring it  to 
atmospheric pressure, is due to oxygen rather than  to  nitrogen. 
To minimize this interference of oxygen, all reactions have been 
carried out a t pressures of 0.5 atmosphere or less.

A rough correlation which is valuable for qualitative work 
may be made between the concentration of carbon monoxide 
in air and the time required for the first appearance of the 
metallic palladium. For 10, 8 , 6 , 4, and 2 parts of carbon 
monoxide per 1 0 ,0 0 0  parts of air, under the experimental

conditions previously described, the first appearance of the 
metallic palladium is approximately 5, 12, 17, 35, and 60 
minutes, respectively. These are average values obtained 
from numerous observations. Individual variations in 
check determinations are sometimes as great as 5 minutes. 
Such a qualitative test is of great value, however, because 
concentrations of carbon monoxide greater than 10  parts per 
10 ,0 0 0 , which would be dangerous to breathe for a period of 
1 hour, form a black scum of metallic palladium on the surface 
of the yellow palladium chloride in a short time. The above 
values are based on reactions at normal laboratory tempera
tures (20° to 25° C.). Berger and Yant (2) have shown that 
the rate of reaction of palladium chloride and carbon mon
oxide is retarded a t temperatures below 10° C.

If one has no knowledge of the approximate concentration 
of carbon monoxide in the gas under examination, the sample 
is divided in the usual manner and palladium chloride, alumi
num sulfate, and water added to only one of the flasks. 
If the appearance of the metallic palladium is so immediate 
as to suggest a concentration higher than 10 parts per 1 0 ,0 0 0 , 
the flask a t half atmospheric pressure, to which no reagents 
have been added, may be equilibrated with an evacuated 
flask, thus obtaining samples containing one-quarter of the 
original sample. The reagents may again be added to only 
one of these flasks to determine whether an additional divi
sion of the sample is desirable before the quantitative pro
cedure is carried out.

Gases, other than carbon monoxide, react with palladium 
chloride. The unsaturated hydrocarbons such as acetylene 
and ethylene, as well as hydrogen, will reduce palladium 
chloride to metallic palladium and hydrogen sulfide will 
precipitate palladium chloride as the sulfide. The sensitivity 
of palladium chloride solutions to reduction by hydrogen 
depends upon their method of preparation. Daller (7) has 
noted that distinctly acid palladium chloride solutions are 
less sensitive to hydrogen reductions than buffered solutions. 
L. Winkler (13) observed no reduction of his palladium chloride 
solution with a 1 per cent hydrogen mixture, but did observe 
some reduction with a 5 per cent concentration of hydrogen. 
Since his preparation of palladium chloride was buffered 
with sodium acetate, its sensitivity to reduction by hydrogen 
cannot be compared with the acid solution of palladium 
chloride used in the present work. Five hundred cubic 
centimeters of air containing 0.25, 0.50, 1.0, and 2.0 cc. of 
pure hydrogen were shaken with 3 cc. of palladium chloride 
solution, prepared as previously described, without evidence 
of reduction in 24 hours. Palladium chloride, on the other 
hand, exposed to ethylene in concentrations of 6 to 8  parts per 
10,000, gave evidence of reduction after 3 to 4 hours.

If the air under examination contains unsaturated hydro
carbons or hydrogen sulfide in amounts which would yield 
high results for carbon monoxide, these interfering substances 
may be effectively removed by successive passage of the gas 
through a scrubber solution of bromine water and a 33 per 
cent potassium hydroxide solution. The bromine solution 
is prepared by adding one volume of water to two volumes 
of saturated bromine water. To every 100 cc. of this mix
ture are added 5 grams of potassium bromide. In the pres
ent work, to ensure the formation of small bubbles of gas and 
permit efficient washing, aeration tubes of sintered glass were 
used.

Prior to taking a sample for analysis, the gas under examina
tion must be forced through the scrubber solutions until the 
gas above these solutions has been replaced. The gas is 
then drawn through the scrubber solutions into the analysis 
flask at a slow rate to ensure complete absorption of the inter
fering substances. The rate of passage must also be slow to 
ensure the complete removal of bromine vapor by the alkali. 
After the air has stopped bubbling through the absorbent
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solutions, an atomizer bulb is attached and air is forced 
through the solutions, and into the analysis flask until 
a slight positive pressure within the flask is obtained. The 
flask is then disconnected from the scrubber system and the 
stopcock opened momentarily to allow the flask to come to 
atmospheric pressure. In the analyses reported in experi
ments 11 and 12, Table II, the air was washed in the maimer 
just described. Several samples of the air (experiment 11), 
without washing, indicated a content of 6.48 parts of carbon 
monoxide per 10,000 parts of air, as compared to 6.43 for the 
washed sample. This would indicate that for the analysis 
of garage air, the removal of interfering substances is not 
necessary for practical control work.

T a b l e  II. C o m p a r a t iv e  A n a l y s e s  f o r  C a r b o n  M o n o x id e  i n  
G a s  M ix t u r e s “

(All results are expressed as parts  of carbon monoxide per 10,000 pa rts  of air.)

erim ent
Present
M ethod

Iodine Pentoxide 
M ethod

1 1.38 1.30
2 2 .46 2.69
3 5.61 5 .25
4 7 .02 7.00
5 7 .93 7 .90
6 10.36 9.90
7 2 .10 2 .09
8 6 .25 6 .60
9 7.64 8.10

10 11.90 12.10
11 6.43 6.75
12 4 .16 4 .20

a Experim ents 1 to  6, inclusive, represent analyses of carbon monoxide in 
carbon monoxide and  nitrogen m ixtures; 7 to  10, inclusive, analyses of 
carbon monoxide in carbon monoxide and air m ixtures, and 11 and  12, analy 
ses of carbon monoxide in  a  gas m ixture taken from a  closed garage in which a 
m otor was in operation.

Many laboratories may not be equipped with a vacuum 
pump which will evacuate a flask to 1 mm. of pressure as 
recommended. If the sampling flasks can be partially evacu
ated by a foot pump or water pump to a known reduced 
pressure, the volume of gas obtained for analysis by opening 
the stopcock at the site of examination may be readily calcu
lated. Moreover, if it is not necessary to pass the gas through 
scrubber solutions, a sample of air may be taken by the dis
placement method—i. e., an analysis flask filled with water 
may be emptied a t the site of examination and the flask re
stoppered. If the flasks with which these sample flasks are 
equilibrated in the analytical procedure are evacuated Jto 
20 to 25 mm. instead of 1 mm., the pressure within the flasks,

after the sample has been divided, is slightly greater than
0.5 atmosphere. Since, as pointed out previously, reactions 
carried out a t full atmospheric pressure were only 5 to 10 per 
cent lower than those a t half atmospheric pressure, the results 
should be but slightly lower than those obtained by the pro
cedure recommended above.

S u m m a ry
A comparatively simple procedure requiring very little 

special apparatus is described for the determination of carbon 
monoxide in air. The method is based primarily on the fact 
that palladium chloride is reduced by carbon monoxide and 
the excess of palladium chloride which is present is determined 
colorimetrically after addition of potassium iodide.

A ck n o w led g m en t
A grant from the Faculty Research Fund to support this 

research project is gratefully acknowledged. The authors also 
wish to express their appreciation to William Fredericks of 
the Department of Chemistry for bis cooperation in the 
analyses made by the iodine pentoxide method.

L iteratu re  C ited
(1) Am. Gas Assoc., "G as Chemist’s Handbook," 3rd ed., pp. 289-

315, New York, 1929.
(2) Berger, L. B., and Y ant, W. P., U. S. Bur. M ines Rept. Investi

gations 3030 (1930).
(3) Bottger, R., J. prakt. Chem., 76,233-5 (1859).
(4) Brunck, O., Z. angew. Chem., 25, 2479-81 (1912).
(5) Burrell, G. A., and Seibert, F. M., and Jones, G. W., Bur. M ines

Bull. 197, 03-70(1926).
(6) Christm an, A. A., and R andall, E. L., J. Biol. Chem., 102, 595-

609 (1933).
(7) Daller, W „ Z. anal. Chem., 103, 83-8 (1935).
(S) Dennis, L. M., and Nichols, M. L., "G as Analysis,” rev. ed., 

pp. 232-54, New York, M acmillan Co., 1929.
(9) Hillebrand, W. F., and Lundell, G. E. F., "Applied Inorganic 

Analysis,” pp. 281-2, 292-3, New York, John W iley & Sons, 
1929.

(10) Lamb, A. B., Bray, W. C., and Geldard, W. J., J. Am . Chem.
Soc., 42,1636-48 (1920).

(11) Lunge, G., and Ambler, H. R ., "Technical Gas Analysis,” 2nd
ed., pp. 226-40, London and Edinburgh, Gurney and Jackson, 
1934.

(12) Winkler, C., Z. anal. Chem., 28, 269-78 (18S9).
(13) Winkler, L., Ibid., 97,18-27 (1934); 100, 321-4 (1935).

R e c e i v e d  Decem ber 4, 1936.

T he P réparation  o f  T h in  F ilm s
T . P . SA GER 

N a tio n a l B u re a u  o f  S ta n d a rd s , W a sh in g to n , D. C.

VARIOUS means which have been suggested for the prepa
ration of thin films of rubber and similar materials 

include their deposition on glass, porcelain, sheet metal, and 
mercury. The use of rigid surfaces is open to the objection 
tha t in the case of some materials the adhesion of the film 
may be troublesome. The removal from such surfaces, of 
films of materials which are subject to permanent deformation 
on stretching, tends to lessen the uniformity of their thick
ness. In connection with the study of the permeability to 
gases of thin films unsupported by fabric, a satisfactory and 
simple method was found for their preparation.

Regenerated cellulose sheeting, extensively employed for 
wrapping purposes, is used as the base upon which the films 
are deposited. For this purpose it is essential to employ 
sheeting which has not been coated with a moisture-proofing 
composition. The material is held tau t between closely 
fitting steel hoops. The film-forming materials are applied

in the form of their solutions in volatile solvents. Uniformity 
of film thickness is obtained by using dilute solutions and a 
plurality of coats. After the solvents have evaporated and, 
when necessary, the deposited film has been cured a t elevated 
temperatures, the uncoated surface of the regenerated 
cellulose is covered with water. Within a short time the 
film may be readily loosened and removed without any ap
preciable stretching or other damage.

This method of preparation is obviously suitable only for 
films of materials not appreciably affected by moisture. 
Thin films of rubber, Thiokol, Neoprene, cellulose deriva
tives, and oleoresinous varnishes were successfully prepared in 
this manner. The length of time that the film is in contact 
with the moist regenerated cellulose is not sufficient, with 
these materials, to produce any change in their appearance.
R e c e i v e d  February  2 0 ,  1937. Published by permission of th e  D irecto r 
of the  N ational B ureau  of S tandards. U. S. D epartm en t of Commerce.



Absorption o f Hydrogen in Liquid Reagents
A New  Solution  for the A nalytical D eterm ination o f  H ydrogen in  Gas M ixtures

DONALD T . BONNEY W ITH  W IL B E R T  J .  H U F F  
D e p a r tm e n t o f  G as E n g in ee rin g , Jo h n s  H o p k in s  U n iversity , B a ltim o re , M d.

TECHNICAL methods of gas analysis for the deter
mination of hydrogen in general use in the United States 

depend almost universally upon procedures employing ex
plosion or combustion. Of these, the fractional combustion 
over copper oxide (6, 7,16,17, 20, 21, 25-29, 31) or the “slow 
combustion” (9, 10, 18, 30) over a glowing platinum spiral is 
generally preferred. The chief disadvantage of the copper 
oxide method is the time required for the determination, 
during which the operation must be constantly attended.

The “slow combustion” method, while accurate under 
proper control, is not satisfactory when more than one hydro
carbon is also present in the mixture, and is generally re
stricted to the determination of methane and ethane. The 
manipulations required are exacting and the danger of an 
explosion must constantly be guarded against.

While a number of absorption methods involving liquid 
reagents have been proposed, the use of these has been 
limited. Dilute palladium chloride solutions (8, 24), sodium 
oleate solutions containing finely divided activated nickel 
(1,3), sodium chlorate solutions in contact with a palladium 
activator (13, 14 , 15), and silver permanganate solution (11) 
have been suggested. The reactions involved have, however, 
generally been deemed slow or unsatisfactory or the prepara
tion of the reagent and apparatus troublesome and expensive.

Among the methods previously advanced, the most satis
factory appears to be that of Paal and Hartman (23), who 
employed a sodium picrate solution containing a very active 
and stable palladium colloid (22). In accuracy, it has been 
shown by a number of investigators (2, 4, 5, 12) to be equal 
or superior to combustion methods. I t  is, however, time- 
consuming, a single determination requiring as high as 30 
minutes. Furthermore, the absorbent is expensive, because 
of the high palladium colloid content, and 'with high con
centrations of hydrogen it is soon spent. Brunck (4) sug
gested the use of a higher sodium picrate content, and also 
advanced a method for recovering the palladium catalyst 
from the spent solution.

For simplicity and ease of operation, an automatic pumping 
pipet has been developed in the laboratories of this depart
ment. This frees the operator from the necessity for con
stant vigilance and so minimizes the objections raised against 
the time required, and by setting up more favorable contact 
conditions between the solution and the gaseous mixture 
increases the rate of absorption. These desirable features 
suggested the use of reagents hitherto considered too sluggish 
to be practicable and so directed attention to the determina
tion of hydrogen by liquid reagents.

While the method of Paal and Hartman (23) appeared to 
be the most satisfactory of those hitherto advanced, it was 
soon recognized that it would be desirable to replace the 
sodium picrate with a substance having a higher rate of 
absorption and having also the property of being readily 
reoxidized to its original form without affecting the palladium 
catalyst, thereby giving a much longer life.

P relim in a ry  E xp erim en ts

A rapid preliminary study, largely qualitative in nature, 
was made on a variety of materials. Among the inorganic 
substances, sodium metavanadate catalyzed by colloidal

palladium showed some activity. To this mixture other 
metals were added, including silver, cerium, thorium, molyb
denum, tungsten, uranium, and manganese. Molybdenum 
solutions when used alone gave some promise. A ferric 
citrate-colloidal palladium solution showed an absorption 
slightly greater than did the palladium colloid alone.

The colloid used was a sodium protalbinate-palladium 
colloid prepared in a manner essentially similar to that of 
Paal and Amberger (22).

P rep aration s
S o d iu m  P k o t a l b in a t e . Fifty  grams of powdered egg albumin 

were added slowly w ith stirring to  250 cc. of a 3.0 per cent sodium 
hydroxide solution. The mixture was heated a t 95° to 100° C. 
on a water bath  with occasional stirring, until practically all 
the albumin had dissolved. During this digestion considerable 
ammonia was evolved. The solution was filtered to remove 
impurities, chiefly inorganic salts. The filtrate was then made 
slightly acid with 6 Ar acetic acid, the protalbinic acid being pre
cipitated. After settling for 12 hours the precipitated pro
talbinic acid was made into a  thin paste w ith water and dialyzed 
for 3 days w ith distilled w ater in a  Cellophane sack.

The purified protalbinic acid was dissolved by the addition of 
excess sodium hydroxide solution and again dialyzed until
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neutral to litmus. The resulting sodium protalbinate solution 
was evaporated to a small bulk a t 60° to 70° C. and then pre
cipitated and freed from w ater by several successive additions of 
95 per cent alcohol. The sodium protalbinate was further dried 
in a  desiccator. Yield, 14.6 grams or 29.2 per cent.

S o d iu m  P i io t a l b in a t e - P a l l a d iu m  C o l l o id . Three grams 
of sodium protalbinate were dissolved in 50 cc. of w ater and 
sufficient sodium hydroxide was added to combine with the 
chlorine of the palladium chloride. The palladium chloride 
solution, containing 4 gram s of palladium chloride (2.0 grams 
Pd) in 70 to 80 cc. of water, was added slowly while stirring. A 
yellow-red precipitate first formed bu t redissolved. An excess 
of hydrazine was added drop by  drop while stirring and the 
solution was then allowed to stand  for several hours. The 
resulting solution was dialyzed w ith distilled w ater in a Cello-

Ehane sack until neutral to litmus and free from chlorides, 
luring dialysis the solution increased in volume considerably 

because of osmosis. The colloid, thus freed from salts, was 
evaporated to dryness a t  60° to 70° C. and further dried in a 
desiccator.

The palladium colloid preparation was obtained in the form 
of glistening black plates, soluble in w ater and alkaline solutions.

Early in the investigation, it  was recognized that organic 
compounds having a quinoid structure might prove satis
factory, becausc of their ability to shift readily back and 
forth between the quinone and the hydroquinone forms on 
alternate oxidation and reduction. A serious difficulty in 
the use of the simple quinones is their extremely low solu
bility in water. However, 1,2-naphthoquinone and a number 
of the anthraquinone sulfonates are soluble to some extent. 
Accordingly, the use of these was investigated. The 1,2- 
naphthoquinone solutions tested decreased gradually in 
activity, but good results were obtained with the anthra
quinone sulfonates.

A b sorp tion  o f  H yd rogen  by A n th r a q u in o n e -  
C ollo id al P a lla d iu m  S o lu tio n s

As the preliminary teste had shown the solution containing 
sodium anthraquinone disulfonates to be promising, the 
course of the investigation was directed toward the develop
ment of this reagent for use in standard gas analysis.

P r e p a r a t i o n  o p  A n t h r a q u i n o n e  D i s u l f o n a t e s . I t  is, 
of course, desirable to have the organic material which under
goes alternate reduction and oxidation present in a high 
concentration if possible. The solubilities of the various 
disulfonates of anthraquinone vary widely, depending upon 
the position in the molecule assumed by the sulfonic acid 
radicals. According to Lauer (19), the 2,7-sodium anthra
quinone disulfonate is very much more soluble than the 
others, and the procedure followed in the synthesis was de
signed to favor a high yield of the disulfonates and particu
larly the 2,7-compound. The isolation of any particular 
salt was considered unnecessary. The procedure followed 
in the sulfonation was, in general, similar to that of Lauer. 
A t  a later date it was found that sodium 2,7-anthraquinone 
disulfonate or the corresponding disulfonic acid is offered 
in an impure state by commercial sources.

A b s o r p t i o n  A p p a r a t u s . The apparatus employed for 
measuring the rate of absorption of hydrogen by solutions, 
shown diagrammatically in Figure 1, was designed to simulate 
the conditions of routine analysis as much as possible.

I t  consists essentially of a  water-jacketed buret, a, an absorp
tion pipet, b, hydrogen and oxygen reservoirs, c and d, and a 
reservoir of flushing liquid, e. A second pipet could be attached 
a t  /  when desired, either for the storage of nitrogen or for the 
absorption of gases other than  hydrogen. Acidulated salt 
water was used as the flushing liquid and as the confining liquid 
in the buret.

As previously mentioned, the usefulness and convenience of 
procedures f.or the analytical absorption of hydrogen in 
liquid reagents had been enhanced by the development of an 
automatic pumping pipet. Accordingly, the determinations

were usually made in a pipet of this kind, shown diagram
matically in Figure 2.

The pumping mechanism consists of the solenoid, a, glass- 
enclosed iron plunger b, valves c and c \  spray bulb d, and timing 
device e to make and break the circuit of the solenoid. When 
the circuit to  the solenoid is closed the plunger rises, forcing the 
reagent up through tube /. Valve c is forced shut, c ' opens, 
and the reagent is sprayed against the walls of the pipet. W ien  
the current to the solenoid is broken the plunger falls, valve c ' 
closes, and c opens, allowing fresh reagent to be drawn in above 
the plunger. The removal of solutions and cleansing of the 
pipet were facilitated by constructing the pipet in three sections. 
Upon removal of the top section, the pumping mechanism can 
be lifted out and all parts readily drained and washed. During 
the study  of the effect of tem perature on the activ ity  of the 
reagent, the pipet was cooled or heated by means of the w ater 
bath, h. H eat was supplied by an immersion heater consisting 
of a  coil of resistance wire enclosed in Pyrex tubing.

When it was desired to operate out of contact w ith air, the 
upper and lower sections of the pipet were sealed by a  rubber 
ring containing the therm om eter and a rubber gas bag, such as 
is generally employed to prevent access of air to  the back cham 
ber of the usual absorption pipet.

D e t e r m i n a t i o n  o f  A c t i v i t y  o f  R e a g e n t . The pro
duction of the crude disulfonates of anthraquinone by labora
tory syntheses gives a mixture of compounds. Accordingly, 
a number of preparations were made and examined to obtain 
as active a solution as conveniently possible and to determine 
the duplicability of the results.

The values for the sodium anthraquinone disulfonate 
content include soluble impurities which may result from the 
preparation, including, of course, important amounts of 
sodium chloride. The tests were carried out as follows:

The sample of hydrogen, usually about 100 cc., was measured 
in the buret and  50 cc. were then  transferred to  the absorption 
pipet. The pipet was closed, a stop w atch started , and the 
circuit for the pumping device closed. After 4 minutes, the 
pumping action was stopped and the unabsorbed hydrogen
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F ig u r e  3. H y d r o g e n  A b s o r p t i o n  A c t iv it y  o f  A n t h r a -  
q u in o n e - P a l l a d iu m  C o l l o id  S o l u t io n s

(L etters on curves correspond to  those shown in Table I.)

drawn back into the buret and measured. The period of 4 
minutes was chosen because in most cases it gave convenient 
absorption values. The maximum am ount th a t could be ab
sorbed in any  one run was 50 cc. In  all tests the current of the 
solenoid circuit was held constant and the speed of the pumping 
action adjusted to 33 to 34 strokes per minute. The tem perature 
of the solution was read during each run. The solutions were 
revivified by oxygen between tests unless otherwise indicated.

S u m m a r y  o f  A c t i v i t y  T e s t s . A  summary of the absorp
tion rates of tests of a number of solutions prepared is shown 
in Table I. In order to present the data as briefly as possible, 
only one value of the absorption rate for each solution is 
given. The value selected is that for the maximum rate 
which was obtained a t a temperature approaching as closely 
as possible 25° C. The low absorption values for solutions 
D, F, E, and A  are probably due to high sodium chloride 
content in the anthraquinone, resulting in false values for the 
weight of sodium anthraquinone disulfonate. Moreover, 
the composition of the colloidal palladium employed in some 
of the earlier solutions was doubtful, as trouble was some
times experienced in securing a completely soluble product.

The activity of the solutions given in Table I is shown 
graphically by Figure 3, in which the volume of hydrogen 
absorbed is plotted against the absorption time.

C o m p a r i s o n  o f  A b s o r p t i o n  R a t e s  w i t h  P u m p i n g  a n d  
B u b b l i n g  P i p e t . A s  indicated, this reagent was intended 
primarily for use with the pumping pipet employed in the 
tests of Table I. However, because of the limited extent 
to which this type of pipet has been applied, a comparison of 
the absorption rates of the anthraquinone reagent in a pipet 
more generally employed should be of interest. A s  the bub
bling pipet is commonly employed in technical gas analysis, 
this type was selected for the comparison (similar to Fisher 
Scientific Company No. 10-645). In  recent years a number 
of modifications of the bubbling pipet have been made, 
many of which appreciably increase the rate of absorp

tion. In this study, however, it was considered advisable 
to restrict the comparison to a single type, so the simple 
bubbling pipet was selected, as it is probably the most gener
ally used.

Although the reagent used (solution F) was of rather low 
activity, satisfactory comparative values were obtained, as 
slight errors in time did not appreciably affect the absorption 
values. In the absorption tests with the bubbling pipet the 
time was noted both for the actual bubbling period and for 
the total elapsed time, as an appreciable amount of time is 
required to withdraw the hydrogen after each pass.

The results of the comparison of the absorption rate with 
the two types of pipet were as follows:

A utom atic pum ping pipet 
Bubbling pipet, actual ̂ bubbling tim e 
Bubbling pipet, to ta l tim e

C c./m in .
4 .76
3 .85
2 .30

C o m p a r i s o n  o f  A b s o r p t i o n  R a t e  o f  A n t h r a q u i n o n e  
R e a g e n t  w i t h  S o d i u m  P i c r a t e  R e a g e n t . Although the 
sodium anthraquinone disulfonate reagent was developed 
principally to give a life longer than that of the Paal and 
Hartman reagent by virtue of the fact that it may be readily 
reoxidized, it also offers the advantage of a greater activity. 
This is demonstrated by the comparison of the absorption 
rates of the two solutions:

Anthraquinone reagent (solution C)
Paal and H artm an 's  sodium  picrate reagent

C c./m in .
9 .3 0
2 .85

V a r i a t i o n  o f  A c t i v it y  w i t h  T e m p e r a t u r e . An increase 
in the activity of the reagent with increasing temperature 
was to be expected from the behavior of palladium black and 
the sodium picratc-palladium colloid solution of Paal and 
Hartman. The variation of activity with temperature was 
studied over the range of 10° to 35° C. employing two re
agents (solutions C and F). In this range the increase of 
activity averaged 2 .8  cc. or 26 per cent per 1 0 ° temperature 
rise. A  decrease in activity was noted in each case after 
heating to above 35° C. Upon subsequent removal of the 
solutions, a portion of the palladium was found to have pre
cipitated, indicating that the reagent becomes unstable a t 
35° to 40° C. This is, however, no serious disadvantage for, 
although the activity does increase with temperature, the 
rate of increase hardly warrants the complication and expense 
required when means for heating the solution is introduced.

D e te r m in a tio n  o f  H yd rogen  in  G as M ixtu res

In order to establish the value of the anthraquinone- 
palladium colloid reagent, the behavior of the reagent toward 
mixtures of hydrogen with the various other gases commonly 
encountered in technical analysis was next examined. These 
mixtures included hydrogen and oxygen, hydrogen and 
nitrogen, hydrogen and saturated hydrocarbons, hydrogen 
and carbon monoxide, and hydrogen and carbon disulfide.

T a b l e  I. S u m m a r y  o f  A c r m T Y  T e s t s

Composition M axim um  Ht
Sodium anthraquinone Absorption

Solution disulfonate Palladium R ate Tem p.
Grama Grams C c./m in . ° C.

C 15.0 1 .0 11.07 23 .5
G 16.0 1 .0 10.44 20 .5
D 18.7 (NaCl?) 0 .7 6 .23 2 6 .0
F 38 .0  (NaCl?) 1 .8 6 .68 27 .5
E 10 .0  (NaCl?) 0 .7 6.01 24 .3
A 8 .0  (NaCl?) 0 .7 4 .21 25 .0
H 9 .0  grama sodium 

n itro  anthra- 
quinone sul
fonate 1 .9 6 .50 2 3 .0

I (P d alone) 1 .0 3 .30 2 9 .0
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H y d r o g e n  a n d  O x y g e n . Hydrogen and oxygen are 
simultaneously absorbed by the anthraquinone reagent at a 
rate higher than their individual absorption rates. In the 
case of detonating gas (2H2 +  0 2) the rate is extremely 
rapid and no change takes place in the anthraquinone reagent. 
Unless the concentration of one of them is known, however, 
determinations of a mixture of hydrogen and oxygen can 
give only the total content of both gases. The simultaneous 
absorption of hydrogen and oxygen may be advantageous 
in certain procedures.

H y d r o g e n  a n d  N i t r o g e n . The determination of hydro
gen in hydrogen-nitrogen mixtures of varying composition is 
shown in Figure 4. The determinations were made employ
ing the most active solutions, C and H ,  which had been 
prepared according to the method adopted as being the most 
satisfactory. The time necessary for the determination of 
hydrogen in gaseous mixtures varies from about 2  minutes 
for low concentrations up to 10 minutes for a concentration 
of 50 per cent. For the usual gaseous mixtures encountered 
in routine analysis, the hydrogen concentration is seldom 
much above 50 per cent.

T a b l e  II . A n a l y s e s  o f  N a t u r a l  G a s

H ydrogen Found by
Copper oxide tube 

A nthraquinone-palladium  (B ureau of Minea
colloid reagent apparatus)

% % %
CnHjn 0 .8  1 .0  0 .8
Oj 0 .8  1.0  1.0
H i 3 .0  3 .0  2 .9
CnHm + 1 and  Nj 95 4 9 5 .0  95 .3

H y d r o g e n  a n d  S a t u r a t e d  H y d r o c a r b o n s . In tech
nical gas analysis, in accordance with the usual sequence, 
the hydrogen would be determined in the presence of saturated 
hydrocarbons and nitrogen. The behavior of the reagent 
with hydrogen-saturated hydrocarbon mixtures was there
fore examined. From analogy with the behavior of the Paal 
and Hartman solution it was expected that the anthraquinone 
reagent would be satisfactory for the determination of 
hydrogen in the presence of saturated hydrocarbons.

This was verified by the results shown in Table II, using 
in one case the anthraquinone reagent for the hydrogen 
determination in natural gas and in the other the fractional 
combustion of the same gas mixture over copper oxide.

E ffect o f  C arbon M onoxide an d  C arbon D isu lfid e  
o n  th e  A ctiv ity  o f  R eagen t

Carbon monoxide and organic sulfur compounds are im
portant catalyst poisons frequently present in industrial 
gases. Accordingly, the effect of the presence of carbon 
monoxide and carbon disulfide upon the activity of the re
agent was investigated. The results of this study may be 
briefly summarized as follows:

C a r b o n  M o n o x id e . (1 ) H ydrogen and carbon monoxide 
m ay be removed simultaneously by the anthraquinone-palladium  
colloid reagent. (2) The absorption rate  is extremely slow be
cause of the poisoning effect of carbon monoxide. (3) Upon 
complete revivification w ith oxygen the reagent regains its 
original activity.

C a r b o n  D i s u l f i d e . Carbon disulfide acts as a  powerful 
poisoning agent for both  the absorption of hydrogen and the 
subsequent revivification w ith oxygen. However, after standing 
in contact w ith a ir for a  period of from 2 to 3 weeks the reagent 
regains its original activity . A concentration (2.3 per cent) of 
carbon disulfide very much higher than  th a t found in gases for 
public u tility  work was employed in this tes t to  exaggerate the 
effect of the low concentrations in industrial gases.

C ap acity , L ife , and  R ev iv ifica tion  o f  R ea g en t

C a p a c i t y . Although the reagent has the advantage of 
being readily reoxidized by contact with oxygen or air, it

F i g u r e  4 . A n a l y s e s  o f  H y d r o g e n - N i t r o g e n  M i x t u r e s , 
S o l u t io n  C

is necessary for it to have some capacity for absorbing hydro
gen. The greater the capacity, of course, the greater will 
be the number of hydrogen determinations possible before 
revivification becomes necessary. A test was therefore 
carried out to determine the volume of hydrogen tha t could 
be absorbed before the solution became too sluggish for use. 
During this test the reagent was sealed from the atmosphere 
by the rubber ring and gas bag previously mentioned. The 
volume of the reagent was 120  cc.

The results of this test are shown in Figure 5. I t  is seen 
that the hydrogen absorption rate is still satisfactory after 
800 cc. have been absorbed.

R e v i v i f i c a t i o n  a n d  L i f e  o f  t h e  R e a g e n t . The revivi
fication of the anthraquinone reagent by oxygen or air has 
been mentioned frequently. Some data showing the rate 
and completeness of the revivification are of interest, as it 
affects so greatly the life, and thereby the economy, of the 
reagent. The rate of revivification, as would be expected, 
varies with the amount of the reduced material present and 
the oxygen concentration. During the determination of the 
hydrogen absorption rates under the various conditions set 
up in the study of the reagent, the solutions were kept in a 
highly oxidized state in order to eliminate the effect of the 
degree of reduction. Under this condition, not necessary in 
practice, the revivification proceeds rather slowly. I t  may 
be said, conservatively, that with a corresponding state of 
reduction, the rate of oxygen absorption during revivification 
is as great as that of hydrogen absorption, and probably 
exceeds it. Apparently, the influence of the hydrogen-ion 
concentration upon the rate of revivification is also important.

That complete revivification may be effected has been shown 
repeatedly throughout the investigation by the absorption 
of oxygen volumes during revivification equivalent to the 
hydrogen previously absorbed.

The ability of the reagent to be completely revivified sug
gests the possibility of a long life. Of the solutions so far 
prepared, all but two have been removed from operation in 
order to recover the palladium for use with other prepara
tions and for no other reason. The two exceptions suffered 
loss of activity due to precipitation of the palladium by 
excessive temperatures purposely used during the study of 
the variation of activity with temperature. I t  so happened 
that these solutions (C and D) were subjected to the greatest 
number of hydrogen absorption tests. Solution C, whose 
volume was 120 cc., absorbed a total volume of 2708 cc. 
Prior to the drop in activity a t elevated temperature, 2250 cc. 
of hydrogen had been absorbed with no loss in activity. The 
loss of activity after the absorption of 2708 cc. amounted to 
10 per cent.



APRIL 15, 1937 ANALYTICAL EDITION 161

Solution D, whose volume was 120 cc., had absorbed a 
volume of 28G0 cc. before it was subjected to excessive tem
perature with a resulting loss of activity. However, after 
the precipitated palladium colloid was filtered out and re
placed by fresh colloid, the solution was continued in use, 
and absorbed approximately 2 0 0 0  cc. more of hydrogen.

Although the effect of long standing has not been thoroughly 
studied, a comparatively inactive solution (solution A) had 
stood from January 9 to September 20 without apparent loss 
of activity or precipitation of the colloid.

A p p lica tio n  o f  R ea g en t to S tan d ard  G as 
A n alysis  P ractice

A c t i v it y  o f  R e a g e n t  i n  a  S t a n d a r d  S i z e  P u m p i n g  
P i p e t . With the standard 200-cc. automatic pumping 
pipet the activity of the reagent is somewhat increased, 
owing to the greater surface exposed. Thus, with pure 
hydrogen the value of the maximum absorption rate for 
solution C is 14.5 cc. per minute in comparison to 10 .8  cc. 
per minute with the small pipet employed in most of the ac
tivity tests.

U s e  i n  R o u t i n e  G a s  A n a l y s i s . From this investigation 
the anthraquinone-palladium colloid reagent appears, at 
present, to offer a satisfactory method for the determination 
of hydrogen in routine gas analysis. Its use may be limited 
to some extent, however, by the type of apparatus employed: 
I t  would probably not be applied to apparatus of the Bureau 
of Mines type equipped with copper oxide tube, as this 
apparatus would require the addition of at least two extra 
pipets, one for the hydrogen reagent and one, or perhaps two, 
for the carbon monoxide reagent. From the standpoint of 
both time and accuracy it would be undesirable to restrict 
the use of the copper oxide tube in this apparatus to the deter
mination of carbon monoxide.

The application of this reagent seems feasible with appara
tus of the types of the United States Steel Corporation,

F ig u r e  5 . H y d r o g e n  A b s o r p t io n  C a p a c it y  o f  R e a g e n t , 
S o l u t io n  C

Bone and Wheeler, the Elliott, the Illinois modification of 
the Morehead (equipped with slow combustion pipet), 
Hempel, Sheppard, and the Bureau of Mines type equipped 
with the extra absorption pipets and without the copper 
oxide tube. In the analysis of gases of low hydrogen and 
carbon monoxide content, the use of this reagent appears to 
be preferred to the fractionation over copper oxide.

F u rth er  D evelop m en t

In order to be economic the methods of preparation should 
be reduced to a production routine and, if possible, simplified. 
An investigation of the effect of the variation in alkalinity 
must be carried out. I t  appears that the hydrogen-ion con
centration controls to a marked degree the rate of absorption 
of both hydrogen and oxygen and the tendency of the reagent 
to foam. An increase in the foaming tendency with use 
was attributed to the absorption of carbon dioxide from the 
air with accompanying increase in hydrogen-ion concen
tration. Upon addition of a small amount of sodium hy
droxide, no foaming occurred. In the case of the two most 
active reagents, solutions C and H, the foam broke imme
diately upon stopping the pumping action.

S u m m ary

The literature concerning the various liquid reagents which 
have been proposed for the determination of hydrogen has 
been reviewed and a brief criticism of such methods has been 
made.

A new reagent has been developed, consisting of an aqueous 
solution of sodium anthraquinone 2,7-disulfonate and col
loidal palladium peptized by an alkaline albumin compound, 
sodium protalbinate. This reagent has the advantage of 
being readily revivified by contact with oxygen or air, as
suring active hydrogen absorption over long periods of 
operation.

The characteristics of the reagent, with particular reference 
to its application to routine gas analysis, have been studied 
and may be summarized as follows:

1. The reagent is more active than  any liquid reagent tested 
by the authors for the determ ination of hydrogen. W ith pure 
hydrogen the absorption rate, in a suitable gas-analysis pipet, 
is about 15 cc. per minute.

2. The reagent operates satisfactorily a t room tem perature.
3. Hydrogen m ay be determined accurately in the presence 

of nitrogen and saturated  hydrocarbons. The absorption is 
complete.

4. In routine analysis carbon dioxide, unsaturates, oxygen, 
and carbon monoxide should be removed prior to  the hydrogen 
determination.

5. Although temporarily poisoned by carbon monoxide and 
carbon disulfide, the reagent regains its activity  upon standing 
in contact with oxygen or air.

6. Hydrogen and oxygen m ay be removed simultaneously.
7. The reagent appears to remain active after standing 

several months and appears to be unaffected by light.
8. The capacity is sufficient to  care for a number of determi

nations before revivification becomes necessary. The spent 
reagent is completely and simply revivified by contact w ith air 
or oxygen.
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A Spectrophotom etric Method for the 
Determ ination o f Iron in Ores

J .  P . M E H L IG , O regon  S ta te  C ollege, C orvallis , O re.

T h e sp cc tro p h o to m etr ic  m e th o d  e m p lo y 
in g  th e  m o lecu la r  e x tin c tio n  co effic ien t  
h a s b een  sa tis fa c to r ily  ap p lied  to  th e  d eter 
m in a tio n  o f  iron , by m ea su r in g  th e  tra n s-  
m itta n c y  o f  l ig h t  a t  g iven  w ave le n g th s  
th ro u g h  th e  sy s te m  c o n s is t in g  o f  th e  a m e 
th y st-co lo red  com p lex  form ed  b y  th e  ad d i
t io n  o f  sa licy lic  acid  to  ferric io n s  in  a ce tic  
acid  so lu tio n .

VARIOUS constituents, either naturally colored or form
ing colored systems with appropriate reagents, may be 

determined colorimetrically by means of visual or photoelec
tric comparison with colorimetric standards consisting of 
known amounts of the constituent being measured or of 
some other system equivalent in color. Another colori
metric method involves the use of a spectrophotometer, with 
which known solutions may be used to construct a curve 
coordinating transmittancy of light of a given wave length 
and concentration of the constituent. Determination of the 
transmittancy of an unknown solution enables one to read off 
concentration from the curve, as in the determination of 
manganese in steel (8). A variation of the method, eliminating 
the curve and employing the molecular extinction coeffi
cient, has been used in the determination of copper in ores (4).

In order to test further the reliability of the latter type of 
method, particularly with samples containing higher percent
ages of the desired constituent, determinations of iron were 
made on a series of ores, as shown in Table I. The system 
measured consisted of the amethyst-colored complex formed 
by the addition of salicylic acid to a solution containing ferric 
ions in the presence of acetic acid. All transmittancy meas
urements were made with the photoelectric spectrophotome
ter built for Purdue University by the General Electric Co. 
The molecular extinction coefficients as determined for solu
tions of known iron content varied from 1144 a t 460 mu 
through 1622 at 520 mp. to 1528 a t 550 m/i.

P rocedure
A 0.2-gram ore sample was dissolved in concentrated hydro

chloric acid and oxidized w ith concentrated nitric acid, and the 
solution was accurately diluted to  1000 ml. a t 30°. The ame

thyst color was produced in 10 ml. of this solution according to 
the directions of Snell (5), and the volume was then accurately 
made up to  100 ml. a t 30°. Particular care was taken  to  have 
the pH value of the final solution within rather close limits. 
Bech (1), in discussing the photoelectric determination of salicylic 
acid w ith ferric chloride, says th a t a  decrease in pH  value reduces 
the color intensity and th a t the pH  value should not be below 2.2.

By means of the spectrophotom eter the transm ittancy of the 
am ethyst solution in a 1-cm. cell was determined a t intervals of 
10 mu from 460 to 550 m^, inclusive. These wave lengths were 
chosen because they  include the flat portion of the spectral trans
mission curve where readings are more nearly accurate. The 
photom eter scale was frequently checked w ith Bureau of Stand
ards glasses. Using the value of the extinction coefficient deter
mined for the wave length in question, the percentage of iron was 
calculated (A) and the average of the ten figures was taken as the 
percentage of iron in the sample.

The results of the determination of iron in twelve ores 
are shown in Table I, which also includes for comparison the 
figures obtained by the dichromate method with diphenyl- 
amine as indicator (2).

Attention should be called to the possible effect of a small 
error in determining the transmittancy. The photometer 
scale of the instrument used can be read only to the nearest 
0.1 per cent. For an ore containing about 50 per cent of 
iron, each 0 .1  per cent on the scale corresponds to about 
0.17 per cent of iron, or a percentage error of 0.34. I t  was 
therefore thought best to make the transmittancy measure
ments at as many as ten different wave lengths and then to 
take the average of the resulting percentages. This should

T a b l e  I. R e s u l t s  O b t a in e d  b y  t h e  S p e c t r o p h o t o m e t r ic  
M e t h o d

Iron by
--------Specti

Average
rophotom etric V alues-----

dichro iron for Difference
Sam ple m ate 10 wave D eviation from  mean between

No. m ethod lengths Average M axim um m ethods
% % % % %

1 37.62 37.62 0 .08 0 .23 0 .00
2 36.84 36.93 0 .12 0 .24 + 0 .0 9
3 36.12 36.07 0 .12 0 .26 - 0 .0 5
4 35.11 35.13 0 .07 0.18 + 0 .0 2
5 34.45 34.53 0.09 0 .16 +  0 .08
6 52.83 52.75 0 .16 0.31 - 0 .0 8
7 49.59 49.34 0 .25 0.39 - 0 . 2 5
8 50.68 50.35 0 .33 0 .50 - 0 .3 3
9 52.20 52.09 0 .13 0 .27 - 0 .1 1

10 54.04 53.94 0 .16 0 .56 - 0 .1 0
11 56.00 55.97 0 .17 0 .25 - 0 .0 3
12 57.62 57.60 0 .06 0 .13 - 0 .0 2
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give a more reliable figure than to take the average of ten 
readings a t any one wave length.

The spectrophotometric method, provided a spectropho
tometer possessing the precision of the Purdue instrument is 
used, is capable of giving results for iron in ores which will be 
within ±0.30 per cent of the values given by the dichromate 
titration method and many will be within * 0 .1 0  per cent. 
Results may be duplicated on the same sample with a pre
cision of about ± 0 .1 0  to ± 0 .2 0  per cent.
T a b l e  I I .  C o m p a r is o n  o p  P e r c e n t a g e  E r r o r s  i n  I r o n  a n d  

C o p p e r  D e t e r m i n a t io n s

-   Percentage E rro r--------------»
M axim um  M inim um  Average

Iron, 12 sam ples 0 .65  0 .0 0  0 .20
Copper, 11 sam ples 1 .98  0 .0 0  0.69

In Table II  is shown a comparison of the reliability of the 
results for iron, on a percentage basis, with those previously 
obtained by the writer (4) for copper ores, where the actual 
percentages were much lower. The figures indicate that the 
spectrophotometric method involving the use of the molecu
lar extinction coefficient can be satisfactorily extended to the 
determination of iron where the percentage of the constituent 
determined is relatively high.

S u m m a ry
The spectrophotometric method employing the molecular 

extinction coefficient has been applied to the determination

of iron in ores. Although the iron content is relatively high, 
the percentage error is smaller than when similar trans- 
mittancy measurements were made on the copper-ammonia 
system where the copper content was relatively very low.

The spectrophotometric method gives results for iron in 
ores which check well with those given by the dichromate 
method.
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Determ ination o f Acetylm ethylcarbinol
Effect on  Certain A nalytical Procedures

A. F . LA N GLY KK E AND W. II . PE TE R SO N , U n iversity  o f  W isconsin , M ad iso n , W is.

SINCE acetylmethylcarbinol is found in varying quantities 
among the fermentation products of a large variety of 

bacterial cultures and enzymatic preparations (3, 8, 11, IS, 
14 , IB), a knowledge of its characteristics and its effect on 
various analytical procedures is particularly desirable. Be
cause of the nature of the compound it reacts in many of the 
common analytical procedures, causing error in the final 
results. Thus, because of its reducing properties it interferes 
in the common methods for the determination of reducing 
sugars. Since it is volatile it appears in distillates and causes 
error in the analyses for volatile products. I t  reacts with alka
line iodine and therefore interferes with the ordinary method 
for the determination of acetone (6). I t  gives rise to acid 
products on oxidation and in this way interferes with methods 
for the determination of alcohol which depend on oxidation.

The acetylmethylcarbinol used for these experiments was 
obtained from the Lucidol Corporation, Buffalo, N. Y. The 
liquid material was crystallized by holding for one month at 
a temperature of approximately —10° C. The material so 
obtained was of a mushy consistency and showed a yellow 
coloration and pungent odor which were removed by washing 
several times with ether. The resulting white crystalline 
powder gave a melting point which varied from 84° to 125° C., 
depending on the rate a t which the oil bath was heated. 
Statements in the literature indicate that the melting point 
of dimeric acetylmethylcarbinol is rather irregular and varies 
with the method of crystallization (1,2).

Determination of the molecular weight of the crystalline 
material by elevation of the boiling point indicated an initial 
value of about 160 which dropped to 101 after boiling for 25

minutes because of conversion to the monomer. Other in
vestigators (1, 2) have found molecular weights for acetyl
methylcarbinol dimers which ranged from 170 to 195 as com
pared to the theoretical value of 176.

R ea ctio n  w ith  A lk a lin e  Iod in e

Since acetylmethylcarbinol contains the acetyl group 
(CH3CO—) directly linked to carbon, it will react with alkaline 
iodine to form iodoform (5). To verify the nature of the reac
tion between acetylmethylcarbinol and iodine, aliquots of 
standard aqueous solutions of the compound (containing 3 to 
10 mg.) were made alkaline with 1 N  sodium hydroxide and 
standard iodine solution was added. Iodoform was precipi
tated and, after standing for 10  to 15 minutes, the excess iodine 
was liberated by the addition of 1 N  sulfuric acid and titrated. 
The averages of a large number of determinations are pre
sented in Table I. The iodine used approaches six atoms per 
molecule of iodoform, which supports the following formula
tion for the reaction:
31* +  6NaOH =  3NaOI +  3N aI +  3H .0  
CHsCHOHCOCHj +  3NaOI =

C H I, +  C H 3CHOHCOONa +  2NaOH

The iodoform isolated from one reaction sublimed a t 118° 
to 119° C. as compared to the reported value of 119° (9). 
Lactic acid was recovered from the products of the reaction by 
extraction of the acidified solution with ether. From the ether 
extract the zinc salt was prepared and analyzed. The water 
of crystallization was determined by drying to a constant 
weight a t 1 1 0 ° C., the zinc content by ignition, and lactic
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T a b l e  I .  R e a c t io n  o f  A c e t y l m e t h y l c a r b in o l  w i t h  A l k a 
l i n e  I o d in e

Sample

0.1 N  I2 per 
M g. 

C H jC H O H - 
COCHa 

Cc.

A tom s I per 
Molecule 

C II3 C H O H -  
C O C H 3

P er C en t of 
Theory

C rystals washed with 
e ther

0.671 5.91 98 .5

Ether-w ashed product 
recrystallized from 
acetone

0.672 5 .92 98.7

Theoretical for reaction 0.681 6.00 100.0

T a b l e  I I .  V o l a t il it y  o f  A c e t y l m e t h y l c a r b in o l  i n  A q u e o u s  
S o l u t io n

Fractions, Per- *-------------A cetylm ethylcarbinol in D istillate
centage of T o tal C oncentration of Solution:

D istilled 0 .005% 0 .0 2 % 0.072% 0.1 0 % Av.
% % % % %

25 31 .8 32 .1 31 .5 31.8
50 59 .7 60 .3 59.6 59^2 59.7
75 83.7 83.9 83.1 83.6

acid by the method of Friedemann and Graeser (4) with the 
following results:

Calcd. for Zn(C,H.,03)-3H 20 :H20  18.2. Found: 18.0
Calcd. for ZntCsHsOs^Zn 26.9, CHsCHOHCOOH 74.0. Found:

Zn 29.0, CILCHOHCOOH 73.9.

The data show that the product isolated was nearly pure in
active zinc lactate containing three molecules of water of crys
tallization. The high zinc content is probably due to the pres
ence of small amounts of excess zinc—e. g., zinc hydroxide— 
which raise the zinc value but have no appreciable effect on 
the other analyses.

V ola tility

The rate of distillation of acetylmethylcarbinol from 
aqueous solution was determined by a modification of the 
method of Virtanen and Pulkki (18). In order to prevent 
condensation and reflux, an insulating hood made from a 
large metal can was used to cover the distillation flask and in 
order to ensure uniform heating, a metal shield was used to 
protect the Bunsen burner. In the experiments 200 cc. of 
solution were distilled and three 50-cc. fractions were col
lected. These fractions as well as the residue were analyzed 
by application of the iodoform reaction. The percentage of 
acetylmethylcarbinol in the distillates was found to be in
dependent of the rate of distillation when the precautions to 
prevent reflux -were observed. The data for the distillation of 
solutions varying in concentration from 0.005 to 0.1 per cent 
are presented in Table II.

As shown by the data, the distribution of acetylmethyl
carbinol during distillation is constant and independent of the 
concentration of the solution. A quantitative expression for 
the volatility may be calculated by application of the formula 
used by Virtanen and Pulkki (18):

k = le)g Vi ~  log Vt 
log Xi -  log x,

In this equation yi represents the amount of volatile com
pound in the solution a t the beginning of distillation and j/2 
the amount a t the end, while Xi represents the amount of 
water at the beginning and x? the amount at the end. The 
values for the distillation constant, k, as calculated from the 
average figures for the first, second, and third fractions 
(Table II) were 1.330, 1.297, and 1.298. On comparison with 
the figures of Virtanen and Pulkki (IS) it is seen that acetyl
methylcarbinol is a little more volatile than propionic acid

(k =  1.239 to 1.245) and less volatile than butyric acid 
(k = 1.940 to 2.035).

In  the determination of acetone in a fermented medium 
containing acetylmethylcarbinol, a correction must be made 
which depends on the concentration of acetylmethylcarbinol 
and the volume of distillate collected. If 25 per cent of the 
liquid is distilled off, approximately 32 per cent of the acetyl
methylcarbinol will be contained in the distillate. For other 
volumes distilled, the correction may be applied most con
veniently by plotting a curve using the values of Table II, or 
the correction may be made by calculation using the equation

When 35 per cent of the liquid is distilled, — =  ^ r ,  and set-
Xi 65

ting k equal to 1.31 the value for j/2, the amount of acetyl-

F i g u r e  1. C u p r o u s  O x i d e  P r o d u c e d  i n  
R e d u c t io n  o f  S i i a f f e r - H a r t m a n n  S u g a r  

R e a g e n t  b y  A c e t y l m e t h y l c a r b in o l

methylcarbinol remaining undistilled, is found to be 56.8 
per cent. Therefore, 43.2 per cent of the acetylmethyl
carbinol will be found in the distillate.

R ea ctio n  w ith  O xid izing R ea g en ts
In order to determine the corrections to be applied in the 

analyses for reducing sugar, two methods for the determina
tion of glucose were investigated. These were the Shaffer- 
Hartmann method as modified by Stiles, Peterson, and Fred 
(17), which depends on the reduction of copper and iodometric 
determination of the cuprous oxide produced, and the Hage- 
dorn-Jensen method (7), which depends on the reduction of 
potassium ferricyanide to ferrocyanide and titration of the 
excess ferricyanide with dilute standard thiosulfate solution. 
In each case varying amounts of an aqueous solution of 
acetylmethylcarbinol were submitted to the procedure used 
in the determination of the reducing sugars and the extent 
of reduction of the reagent was determined. The results are 
shown graphically in Figures 1 and 2 .

R e d u c t i o n  o f  C u p r i c  S u l f a t e . According to Kling (12), 
acetylmethylcarbinol is oxidized by alkaline cupric oxide
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to acetic acid, but such a result was not obtained in these 
experiments. Stahly and Werkman (16) report that 3.01 
grams of cuprous oxide are produced from each gram of 
acetylmethylcarbinol under the conditions of the Munson- 
Walker method. In the copper-reduction method used, the 
tubes are only loosely stoppered to prevent oxidation by the 
air and loss of volatile products is not prevented. I t  is also 
possible that the 15-minute reaction period is not long enough 
for complete reaction. For these reasons the amount of 
copper reduced does not bear a stoichiometric relation to the 
amount of acetylmethylcarbinol in the sample, although there 
is a regular relation between these two variables.

If acetylmethylcarbinol is oxidized to diacetyl, two hydro
gen equivalents per mole are required, while for the oxidation 
to acetic acid four hydrogen equivalents are necessary. As 
calculated from the graph of Figure 1, 2.95 hydrogen equiva
lents are actually used in the oxidation, which shows that 
only about one-half of the diacetyl formed is further oxidized 
to acetic acid. The points described a straight line, which 
does not, however, pass through the origin. This apparent 
anomaly can be explained only on the assumption that a 
constant small amount of acetylmethylcarbinol escapes 
oxidation, or that a constant small amount of diacetyl is lost 
through evaporation.

R e d u c t i o n  o p  F e r r i c t a n i d e . As in the reduction of 
copper, the reduction of ferricyanide proceeds without com
plete conversion of the acetylmethylcarbinol to acetic acid. 
In this case 2.67 hydrogen equivalents are required, although 
more variation was observed in this reaction. This is shown 
by the fact tha t the individual points on the graph of Figure 
2  do not correspond so well to a straight line as in the case of 
the reduction of copper.

O xid ation  w ith  A cid  P o ta ss iu m  D ieh rom ate
In the determination of butyl and ethyl alcohols by the 

method of Johnson (10), a distillate containing the neutral 
volatile products from a bacterial fermentation is oxidized 
by means of acid potassium diehromate solution and the acid 
resulting from the oxidation is removed by distillation. Two 
fractions are collected and the content of butyl and ethyl 
alcohols in the original sample is calculated from the titra
tions of these fractions. Since acetylmethylcarbinol yields

F i g u r e  2 . R e d u c t io n  o f  P o t a s s iu m  F e r r i 
c y a n id e  ( H a g e d o r n - J e n s e n  R e a g e n t )  b y  

A c e t y l m e t h y l c a r b in o l

acid products on oxidation, it is of interest to know what 
effect this compound will exert in the alcohol method.

T a b l e  III. E f f e c t  o n  J o h n s o n  M e t h o d  f o r  B u t y l  a n d  
E t h y l  A l c o h o l s

Acetylm ethyl B utyl

--------------Alcohol
Actual

E thy l

Ind ica ted -------------------------- *
Theoretical“ 

B utyl E thy l
carbinol Sample alcohol alcohol alcohol alcohol

Mg. Mg. Mg. Mg. Mg.
5 -0 .0 1 5.26 0 5.23

10 0.14 10.48 0 10.46
15 0.14 15.87 0 15.69

Av. (per mg. 
acetoin) 0.007 1.053 0 1.046

° Baaed on assum ption th a t  one mole of acetylm ethylcarbinol is equiva
len t to  two moles of e thyl alcohol.

Samples of 5, 10, and 15 mg. of acetylmethylcarbinol in 
aqueous solution were analyzed according to the procedure 
for the determination of alcohols by the Johnson method (10). 
In Table III  the results obtained are expressed as milligrams 
of butyl and ethyl alcohols. The oxidation of acetylmethyl
carbinol by the acid diehromate yields acetic acid, and there
fore for purposes of correcting any alcohol determinations one 
mole of acetylmethylcarbinol corresponds to two moles of 
ethyl alcohol.

D eterm in a tio n  o f  A cety lm eth y lca rb in o l
Since acetylmethylcarbinol reacts quantitatively with 

alkaline iodine reagent and since the carbinol is distilled from 
aqueous solution at a definite rate which is independent of 
the concentration, it was possible to develop a method for its 
determination in which these properties were applied. At
tempts to separate the carbinol from the fermented medium 
were unsuccessful, as neither ether extraction nor constant 
volume distillation gave a quantitative recovery of the com
pound.

In order to apply the iodoform reaction directly to the 
determination of acetylmethylcarbinol it is necessary to 
eliminate from the sample any other compounds which will 
react with the iodine reagent. Acetone is commonly present 
in large excess over the acetylmethylcarbinol content in some 
fermentations, but this compound is practically completely 
eliminated by distillation of half the volume of an aqueous 
solution. Ethyl alcohol in appreciable concentration will also 
react with alkaline iodine, although this reaction is very in
complete at room temperature and in the short reaction time 
used. However, it is also completely eliminated by half dis
tillation. Butylene glycol is also likely to occur in association 
with acetylmethylcarbinol in fermentations and will react 
with alkaline iodine in 15 minutes a t room temperature to 
produce an apparent acetylmethylcarbinol content equivalent 
to 10 per cent of its own weight. However, because of the 
nonvolatility of this compound, the error resulting by analysis 
of the third quarter of distillate is negligible.

By far the most convenient method for the determination 
of acetylmethylcarbinol involves direct distillation from the 
fermentation mixture, and by this method quantitative results 
could be obtained. The disadvantage of direct distillation 
from the culture medium lies in the fact that many of the 
media are prone to foam badly during distillation. However, 
many ordinary media may be directly distilled in the frac
tional distillation procedure and certain procedures may be 
applied to minimize foaming when this characteristic is dis
played.

I t  was found that a mineral salts-peptone-glucose medium 
which had been fermented by A. aerogenes in the presence of 
an excess of calcium carbonate could not be distilled, because 
of excessive foaming. To correct this condition the culture 
was acidified -with sulfuric acid, heated just to boiling and, 
after cooling, filtered by suction through an. asbestos mat.
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T a b l e  IV. D ir e c t  D e t e r m in a t io n  o p  A c e t y l m e t h y l c a r b i-  
n o l  b y  F r a c t io n a l  D is t il l a t io n  o p  C u l t u r e

Acetyl m ethylcarbinol

Sample Found Added

Found 
(after addi

tion)

Recovery of Added 
A cetylm ethyl- 

carbinol
M g ./100 

cc.
M g./100  

cc.
M g./100  

cc.
M g ./100 

cc. %

Sterile sa lts - i * ’
49 .2 50.3 50.3 102.1

peptone m edium 21 .0 21.4 21.4 101.9
Cl. polymyxa in 

6%  corn mash 40.3 49 .6 89 .5 49.2 99.2
A . aerogenes in 

salts-peptone 
medium 29.1 3 7 .8 67 .9 38 .8 102.7

A . aerogenes in 
salts-peptone 
m edium (excess 
CaCOa) 39 .4 44.0 . 85.1 45 .7 103.9

A . aerogenes in 
salts-peptone 
medium 18.2 10.0 28.1 9 .9 9 9 .0

Cl. acetobutyli- 
cum  in 6% 
corn masn 37 .4 49 .8 87.1 49 .7 99 .8

The resulting product showed considerable less tendency to 
ijpam, but as an added precaution the sample was diluted to 
four times the volume before applying the distillation pro
cedure. By this procedure quantitative results could be 
obtained.

For the results reported in Table IV the following general 
procedure was used:

Enough of the culture to  give 100 cc. of clear filtrate is filtered 
through a fluted filter and 100 cc. of the clear filtrate are then 
pipetted into the 300-cc. distillation flask which contains 6 or 8 
glass beads to  prevent bumping. The flask is directly connected 
to a short condenser by means of a ground-glass joint and is sup
ported by a ring bearing a  wire gauze with an asbestos m at center. 
The insulating hood is placed over the flask, and heating is started 
with a  burner which is protected by a  shield so as to  guarantee uni
form heating. The rate of heating is so adjusted th a t the distil
late which collects is cold and the medium under distillation boils 
evenly. A fraction of exactly 50 cc. is collected in a  volumetric 
flask and m ay either be discarded or used in the determination 
of the more volatile products of the fermentation. A second 
fraction of exactly 25 cc. is then collected and analyzed by the 
iodoform reaction.

The contents of the 25-cc. volumetric flask are added to 15 cc. 
of 1 N  sodium hydroxide in a  150-cc. Erlenmeyer flask. The 
volumetric flask is rinsed w ith 3 portions of a  few cubic centi
meters of w ater and the rinsings are added to the sample in the 
Erlenmeyer. Then while the flask is constantly shaken in one 
hand, exactly 5 cc. of 0.2 N  iodine are added by  rapid dropping 
from a pipet held in the other. The precipitation of iodoform 
begins almost immediately and after 10 minutes the reaction is 
complete. After standing for 10 to  15 minutes out of direct 
sunlight, 20 cc. of 1 N  sulfuric acid are run into the flask and the 
liberated iodine is titra ted  immediately to  the starch end point 
w ith standard 0.1 N  sodium thiosulfate solution. A semimicro
buret which m ay be read accurately to 0.01 cc. is used. A blank 
for the purpose of standardizing the iodine solution is run on
5 cc. of the iodine solution, w ith distilled water replacing the 
sample in the ordinary procedure.

Since one mole of acetylmethylcarbinol is equivalent to
6  atoms of iodine, one millimole (or 8 8  mg.) is equivalent to 
60 cc. of 0.1 N  iodine. Then, for each cc. of 0.1 N  iodine used 
in the iodoform reaction there are 1.467 mg. of acetylmethyl
carbinol in the sample. According to Table II, 23.9 per cent 
of the acetylmethylcarbinol in the sample appears in the 
third quarter of distillate. Therefore, to obtain the total 
acetylmethylcarbinol content of the 100-cc. sample distilled, 
the content of the third quarter of distillate is divided by 
the factor 0.239.

The results reported in Table IV were obtained on a variety 
of cultures as shown. The salts-peptone medium used con
sisted of 0.07 per cent dibasic ammonium phosphate, 0.5 per 
cent peptone, 0.1 per cent asparagine, and tap water. In the 
case of the fermentations 3 per cent of glucose was added. The 
corn mash was made up with 6 per cent of corn meal in tap 
water. In the second column of Table IV are given the con
centrations of acetylmethylcarbinol as determined directly on 
the culture by the procedure outlined. Acetylmethylcarbinol 
was then added in the amounts given in the third column and 
the content of the samples so prepared was again determined 
with the results expressed in the fourth column. In the 
fifth and sixth columns are entered the recoveries of the added 
acetylmethylcarbinol as obtained from the difference between 
the determinations before and after the addition of a known 
quantity of acetylmethylcarbinol. The data reported are the 
averages of triplicate analyses. The deviation of individual 
results from the average ranged from 0 to 4.1 per cent and 
averaged 1.13 per cent. The average error in the recovery 
of added acetyhnethylcarbinol was 2 .2  per cent.

The recoveries are in general a little high, and the average 
recovery is about 101.2 per cent. Therefore, a somewhat 
higher degree of accuracy may be obtained if the recovery is 
determined separately for each different medium used, as 
this value will vary somewhat with the nature of the solution 
under analysis. Thus, if instead of using the value of 23.9 
per cent recovery as determined for aqueous solutions a cor
rected value of 23.6 per cent is used, the errors in the de
terminations reported would vary from —2 .2  to + 2 .7  per 
cent.

S u m m a ry

Because of the unique nature of the compound, acetyl
methylcarbinol affects a variety of common analytical pro
cedures. Methods for the correction of acetone, alcohol, 
and reducing sugar determinations in the presence of acetyl
methylcarbinol are described. Based on its volatility and 
iodoform reaction, a method for its quantitative determina
tion has been developed.
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Estimation o f Acetone
C. O. H A U G IITO N , C o u rta u ld s  L td ., C oventry , E ng land

AMONG the best-known methods for the quantitative 
estimation of acetone are the iodoform and oxime 

methods. In estimating samples of pure acetone by these 
methods, however, the author was surprised to find that 
results of over 102 per cent were obtained. The details of 
procedure in the estimations are set out below.

Iod oform  M eth od
About 2 cc. of the acetone were pipetted into a weighed 250-cc. 

standard flask containing about 50 cc. of water, making sure 
th a t the sample fell into the water w ithout touching the glass. 
The flask was shaken gently to mix and weighed again, and water 
was then added to the 250-cc. m ark. Now 20 cc. of N  sodium 
hydroxide were run into a glass-stoppered bottle of 150-cc. 
capacity, and after thoroughly mixing, 5 cc. of the dilute acetone 
solution were added to  the bottle and mixed. F ifty  cubic centi
meters of 0.1 N  iodine solution were then added drop by drop from 
a pipet, swirling the contents of the bottle during the addition 
which took about 3 minutes. Originally the 50 cc. were run 
from the pipet a t full rate, the addition taking about 30 seconds, 
till i t  was found th a t low results were liable to be obtained, as 
observed by Goodwin (4) and others (1). After adding the 
iodine, the stopper was inserted and the bottle left 10 minutes. 
Then 21 cc. of N  sulfuric acid were added, mixed, and the liber
ated iodine was estim ated by titration  with 0.1 N  sodium thio- 
sulfate, using starch as indicator. A blank determination was 
also carried through, the difference between the two titrations 
giving the cubic centimeters of thiosulfate equivalent to the 
iodine absorbed.

The results are given in Table I. In experiments 1 to 3 
commercially pure acetone was used, containing less than 
0.2 per cent of water as estimated by the gasoline method. 1 In 
experiments 4 to 17 the acetone was dried by standing over 
barium oxide several days and then redistilled. The acetone 
used in experiment 18 was obtained by fractionation, taking 
the portion boiling a t 55.7° C. a t 760 mm. pressure; the 
specific gravity a t 20° C. was 0.792.

T a b l e  I. R e s u l t s  f o r  P u r e  A c e t o n e  b y  I o d o f o r m  M e t h o d

Sample
Expt. T itra ted Thiosulfate F ac to r Acetone

Cram Cc. %
1 0.01205 13.30 0.0996 101.3
2 0.03163 33.30 0.0996 101.5
3 0.03109 33.45 0.0996 101.7
4 0.03129 33 .08 0.0998 102.0
5 0.03152 33.10 0.0999 101.5
6 0.03152 33.10 0.0999 101.5
7 0.03152 33 .40 0.0999 102.4
8 0.03152 33.40 0.0999 102.4

14 0.03149 66 .8 0.0500 102.5
15 0.03159 33.00 0.0999 102.8
16 0.03128 33.36 0.0993 102.4
17 0.02573 25.86 0.1054 102.5
18 0.03139 33.35 0.0999 102.8

experiments 1 to 6  the iodine was added rapidly, but in
the other experiments it was added slowly, as already men
tioned. In the latter the results are more consistent though 
higher. The mean percentage of acetone in experiments 7 to 
18 is 102.5 per cent. The thiosulfate used was standardized 
every few days against potassium dichromate and once against 
iodine, both analytically pure reagents.

O xim e M eth od

The procedure followed was tha t described by Marasco 
(5), except that the indicator used was the modified methyl 
orange recommended by Hickman and Linstead (5). This

1 This m ethod consists in adding gasoline to  a  sam ple of the  acetone till 
a cloud is form ed a t 20° C ., the gasoline being checked against acetone of 
known w ater content.
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was found to give the same end point in the titration, but it 
was much more sharply defined (7 ).

The acetone solutions were made up as described under the 
iodoform method. Two beakers, each containing 400 cc. of the 
hydroxylamine hydrochloride solution (0.2 per cent) neutralized 
to a steel-gray color w ith the modified indicator, were placed on a 
sheet of white paper, 25 cc. of the acetone solution were added 
to one of the beakers, and the acid liberated was titra ted  with 
0.1 AT sodium hydroxide till the colors in the two beakers matched 
again. The end point can be determined to one drop of 0.1 N 
sodium hydroxide and is perm anent for 5 minutes.

Taking Marasco’s factor as correct—i. e., 1 cc. of 0.1 N  
sodium hydroxide is equivalent to 0.00614 gram of acetone— 
the results shown in Table II  were obtained.

T a b l e  II. R e s u l t s  f o r  P u r e  A c e t o n e  b y  O x im e  M e t h o d

Sodium
Sample Sodium H ydroxide

Expt. T itra ted H ydroxide Factor Acetone
Oram Cc. %

10 0.1574 26.30 0.1000 102.6
11 0.1579 26.50 0.1000 103.0
12 0.1579 26.40 0.1000 102.6
13 0.1579 26.45 0.1000 102.8
19 0.1578 26.40 0.1000 102.7
20 0.1571 26.05 0.1011 102.9
21 0.158S 26.30 0.1011 102.8
22 0.1586 26.20 0.1011 102.5

The mean percentage of acetone given by this method is 
102.7 per cent, which agrees closely with the value obtained by 
the iodoform method. This is to be expected, since Marasco’s 
factor 0.00614 was obtained by checking the strength of his 
acetone solution by means of Messinger’s iodoform method, 
assuming Messinger’s method to be correct. Marasco’s 
factor should therefore be changed to 0.00598—i. e., 1 cc. of
0.1 AT sodium hydroxide is equivalent to 0.00598 gram of 
acetone. In other words, the oxime reaction
CH jCOCHj +  NHsOH-HCl =  (CH,)2C :N O H  +  HC1 +  H ,0

when carried out as described by Marasco, goes to 97.1 per 
cent of completion and not 94.4 per cent as he states.

T est for F o rm a te  in  Iod oform  R ea c tio n  P ro d u cts

From the above experiments it appears that acetone, when 
estimated by Messinger’s method (following the precautions 
advised by Goodwin, 4) reacts with about 2,5 per cent more 
iodine than is required by the equation

CHjCOCH, +  4NaOH +  61 =
C H I, +  CH.COONa +  3N aI +  3H ,0  (1)

I t  is possible that a small portion of the acetone reacts 
with iodine according to the equation

C II3C 0C H 3 +  5NaOH +  101 =
2C H I, +  HCOONa ±  4N aI +  4H ,0  (2)

By this reaction 10 atoms of iodine instead of 6 are used.
To test if any formate is present in the reaction products 

the following procedure was adopted:

About l.g ram  of acetone was added to  600 cc. of N  sodium 
hydroxide in a 2-liter flask, and 1.17 liters of 0.1 N  iodine were 
run in very slowly from a tap  funnel, shaking continuously. 
When all the iodine had been added (45 minutes) the flask was 
left standing for 15 minutes and then the iodoform was filtered 
off. After acidifying the filtrate w ith 20 cc. of pure sulfuric 
acid diluted to 60 cc., about 5 cc. of mercury were added and the 
flask was shaken for an hour to remove the excess iodine. (So
dium thiosulfate was first used for neutralizing the iodine, but
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it was found to decompose into sulfur dioxide and sulfur in the 
subsequent steam-distillation. Then iron filings were tried, but 
the ferrous iodide formed also appeared to decompose in the 
steam distillation, giving free iodine. Hence, mercury was used 
instead.)

The solution, having been completely decolorized by the mer
cury, was filtered and the filtrate was steam-distilled after the 
addition of 2 cc. of sulfuric acid. When all the volatile acid had 
distilled over, about 5 liters of distillate having been collected, 
the distillate was neutralized with N  sodium hydroxide, using 
phenolphthalein as indicator. Then 3 cc. of N sodium hydroxide 
were added in excess and the solution w'as evaporated down to 
200 cc. Now 50 cc. of 5 per cent mercuric chloride solution were 
added to the clear solution (filtered, if necessary) and boiled for 
an hour under a  reflux condenser (2). The white precipitate 
was filtered through a Gooch filter, washed with cold water, 
dried, and weighed.

A blank experiment was made taking 1 gram of glacial acetic 
acid in 600 cc. of N  sodium hydroxide and adding 225 cc. of 0.1 N  
iodine, 27 grams of potassium iodide, 1 liter of water, then 20 cc. 
of concentrated sulfuric acid diluted to 60 cc. The iodine was 
decolorized by adding mercury and the rest of the experiment 
carried out exactly as before.

Finally a  check experiment was made like the blank, except 
th a t the acetic acid contained a  known weight of formic acid. 
The results are given in Table II I .

T a b l e  I I I .  F o r m ic  A c id  F o u n d  in  I o d o f o r m  R e a c t io n  
P r o d u c t s

M ercuric Form ic
Chloride Acid

Expt. Sam ple Taken P p t. Found
Gram Gram Gram

1 0 .96 MezCO 0.045 0.0044
2 1 .0 AcOH (blank) None None
3 1.0 AcOH containing 0.04 

gram  H C O O Ii (check)
0.331 0 .0323

4 0 .96 M eiCO 0.0664 0.0064
5 1.0 AcOH (blank) 0.0004 Negligible

The blank experiments, 2 and 5, show a negligible weight 
of formic acid. Experiment 3 shows that the method is 
satisfactory for estimating small amounts of formic in acetic 
acid. Experiments 1 and 4, though apparently carried out 
under the same conditions, do not agree very well in the 
weight of formic acid found, which is low in both cases. 
In experiment 4, 0.96 gram of acetone gave 0.0064 gram of 
formic acid. This would account for an apparent value of 
100 .6  per cent in the iodoform method for estimating acetone, 
which is considerably lower than the figure 102.5 actually 
found. However, the acetic acid found in the steam-distilla- 
tion was only SO per cent of the theoretical amount; it may 
be that both formate and acetate were occluded in the iodo
form. The experiments, therefore, support the view that 
Reaction 2 takes place to some extent.

In applying Messinger’s method to the estimation of 
methylethyl ketone, Cassar (3) found that constant results 
of 110.5 per cent were obtained for the ketone under specified 
conditions. He accounted for this by assuming that two 
simultaneous reactions occur.

C H 3CH2COCH3 +  61 +  4N aOII =
C H I3 +  CH3CHsC 0 0 N a  +  3N aI +  3H20  

C H sC H 2COCH, +  101 +  SNaOH =
2C H I3 +  C H 3COONa +  4N aI +  411,0

The first reaction is the normal one, but the second one 
also occurs in which more iodine is taken up, thus giving 
results 10.5 per cent too high; this explanation is analogous 
to the one given in this paper to account for the high result 
of 102.5 per cent obtained in the estimation of pure acetone.

S u m m a ry

Messinger’s method (4) was found to give results of 102.5 
per cent acetone in the estimation of pure samples.

Marasco’s oxime method (6) gives results in good agree
ment with Messinger’s method, but as his factor is obtained

from Messinger’s method of analysis it is incorrect. The 
value 0.00614 should be changed to 0.00598 for the weight 
of acetone equivalent to 1 cc. of 0.1 N  sodium hydroxide.

The indicator methyl orange-xylene cyanol (5) was found 
to give a very sharp end point in the oxime titration.

A small amount of formic acid was detected among the 
products of Messinger’s iodoform reaction, showing that 
some of the acetone probably reacts according to the equation

CH,COCH3 +  5NaOH +  101 =
2C H I, +  HCOONa +  4N aI +  4H .0

L iteratu re  C ited
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(3) Cassar, H. A., I n d . E n g . Chem., 19, 1001 (1927).
(4) Goodwin, L. F., J . Am. Chcm. Soc., 42, 39-41 (1920).
(5) Hickman and Linstead, J . Chem. Soc., 121, 2502 (1922).
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A M odified M ercury Seal for Stirrers
LINDSAY II. B R IG G S , A u ck lan d  U n ivers ity  C ollege, 
U n ivers ity  o f  New Z ea lan d , A u ck lan d , New Z ea lan d

THE mercury seal for stirrers here described has been 
found useful in catalytic hydrogenations and oxidations 
where absorption of gas is measured a t atmospheric pressure. 

Usually in such reactions stirring must be done with a gas- 
tight stirrer or else some system of shaking employed, both

of which methods are sim- 
i , plified by use of the present

, [.........  . B seal for stirrers.
i j In the accompanying fig

ure a cross section of the seal
a ____  and stirrer is shown. The

E outer tube, A, is elongated
thus enabling a stopper, D, 

c to be slid down the stirrer
rod, closing the top of the 
seal. In order to fill the 
reaction vessel with the de
s ire d  g as , mercury is first 
ad d ed  in ju s t  sufficient 
quantity to cover the lower 
end of the tube, C, as shown, 
and stopper B  is slid down to 
position a. The flask is then 
evacuated, the air in E  bub
bling past the mercury with
out forcing any over. The 
required gas is then admitted 
up to atmospheric pressure, 
w hich automatically again 
closes the ends of C, and 
the stopper is slid up the 
s t i r r e r  rod to position d. 
More mercury can then be 

added to the seal to increase the safety margin and the 
stirrer set in motion.

Care must be taken to ensure tha t mercury is not forced 
into the reaction flask by a fall in pressure which must be 
kept approximately at atmospheric pressure.

R e c e i v e d  D ecem ber 10, 1936.



Determ ination o f Zirconium in Steels with 
re-Propylarsonic Acid

H . H . G E IS T  AND G . C. CHA ND LEE, T h e  ]

THE usefulness of m-propylarsonic acid as a reagent for 
the determination of zirconium in the presence of other 
metallic ions lias been shown (1, 3). However, the deter

mination of a constituent in an alloy steel presents a special 
case because of the large amount of iron present and varying 
amounts of other elements-that may be present. Benzene- 
arsonic acid has been investigated for this determination (4 ).

M ateria ls
W ith the exception of the determinations in the presence of 

large am ounts of tungsten, 3-gram samples of Bureau of S tand
ards steel No. 55 were used. For high-tungsten steels a  refer
ence sample containing 18.17 per cent of tungsten, 3.85 per cent of 
chromium, and 0.95 per cent of vanadium  was used. To the 
solutions of these steels were added measured amounts of zir
conium in the form of zirconyl chloride and measured quantities 
of other salts as desired.

A saturated  w ater solution (approximately 5 per cent) of 
E astm an’s n-propylarsonic acid was used as the reagent. Fur
ther purification of the reagent was found unnecessary.

O ther C o n stitu e n ts

I r o n . The presence of the constituents commonly found 
in alloy steels causes little difficulty in this determination. 
The precipitation of zirconium is complete in the presence 
of these large amounts of iron. A small quantity of iron is 
adsorbed in the zirconium precipitate, but a complete separa
tion is obtained by reprecipitation.

T i t a n i u m , A l u m i n u m , C h r o m i u m , C o b a l t , N i c k e l , 
C o p p e r , U r a n i u m , V a n a d i u m , T h o r i u m , a n d  M o l y b d e n u m . 
The separation from these elements is complete in one pre
cipitation. I t  is not necessary to precipitate from a solution 
containing hydrogen peroxide to avoid interference of tita
nium. In this respect ?t-propylarsonic acid differs from the 
other acids of this group so far investigated.

C a r b o n , S i l i c o n , a n d  T u n g s t e n . These constituents are 
removed by filtration, following the usual procedure of evapo
ration of the solution and dehydration of the residue. The 
small amount of tungsten that possibly escapes removal 
by this procedure does not interfere in the subsequent de
termination.

P h o s p h o r u s . As suggested by Simpson and Schumb (5), 
any zirconium remaining in the silica residue as phosphate 
can be recovered by a sodium carbonate fusion.

T in . At the acidity used tin is partially precipitated by 
n-propylarsonic acid and the ignited zirconium dioxide con
tains some tin oxide. The method suggested by Caley and 
Burford (2) for the removal of tin oxide—treatment with 
ammonium iodide and ignition—was found to be very satis
factory and residues containing only zirconium dioxide were 
obtained.

P rocedure
Dissolve 3 grams of steel in  40 cc. of concentrated hydrochloric 

acid and add sufficient concentrated nitric acid to oxidize the iron. 
Evaporate to  dryness, moisten the residue with concentrated 
hydrochloric acid, evaporate again to  dryness, and bake for about 
30 minutes a t 105° to  110° C. Take up the residue w ith 10 cc. 
of concentrated hydrochloric acid and warm gently until solution 
is complete. D ilute the solution to  100 cc., filter while hot, and 
wash the residue well w ith hot water. Reserve the filtrate and 
trea t the residue as follows:

Ignite the residue in a platinum  crucible and volatilize the

sy lvan ia  S ta te  College, S ta te  C ollege, P a .

silica by treatm ent w ith hydrofluoric and  sulfuric acids in the 
usual manner. Fuse the residue w ith sodium carbonate. Ex
trac t with hot water, filter, and wash well with hot water. Dis
card the filtrate. Ignite the residue in platinum  and fuse with 
potassium pyrosulfate, avoiding a large excess. E xtrac t with 
water and a few drops of sulfuric acid, filter, and wash with 
hot water; add the filtrate to the main filtrate.

Dilute the combined filtrates to  a volume of 300 cc. H eat to 
boiling and precipitate the zirconium w ith 40 to 50 cc. of a 5 
per cent water solution of n-propylarsonic acid. Digest for 30 to 
60 minutes, filter while hot, and wash w ith hot water. (Suction 
may be employed if desired, the filter paper being fortified w ith a 
platinum or a paper cone.)

Return the filter paper containing the precipitate to the 
original beaker and disintegrate by w anning gently w ith 10 cc. 
of concentrated hydrochloric acid. Add 100 cc. of water and 
reprecipitate the zirconium by adding 10 cc. of the n-propyl
arsonic acid solution. Digest for 30 minutes, filter, and wash 
well with hot water as previously described. Ignite in porcelain 
over a Meker burner. If  tin is absent, no further treatm ent is 
necessary. If tin is present, add ammonium iodide and ignite. 
Repeat the treatm ent w ith ammonium iodide until constant 
weight is obtained. Weigh as zirconium dioxide.

E xp erim en ta l D ata

In the analyses made by the procedure described above, 
steels of varying composition were made by dissolving 3 -gram 
samples of Bureau of Standards steel No. 55 and adding to 
the solution measured quantities of zirconyl chloride and 
solutions of salts of other metals desired. For the determina
tion of zirconium in a high-tungsten steel 3-gram samples of 
a reference steel containing 18.17 per cent of tungsten were 
used. The results are given in Tables I and II.

T a b l e  I. D e t e r m in a t io n  o f  Z ir c o n iu m  i n  S t e e l s

(3-gram sam ple of B ureau of S tandards steel No. 55)
C onstituents A dded0 Zirconium Found 

Grantc % cGramb %* Gram* %*
T i + f Al + + +, C r + + +, 0.0101 0 .34 0.0489 1.60

Co + +, N i + +, Cu + % 
UOî + +, V O j-, M 0O4- -

0.0091 0 .30 0.0495 1.62
0.0094 0.31 0.0489

0.0494
0.0504
0.0502

1.60
1.62
1.66
1.65

Above elements and Sn + +++ 0.0034 0.11 0.0500 1.64
0.0032 0.11 0.0508 1.67
0.0031 0 .10 0.0508 1.07
0.0028 0 .09 0.0500 1.64
0.0030 0 .10

T i* * * * , A1 + + +, U 0 2 + +, 
M 0O4- -  VOî“ . WO4- -

0 .0495 1.62
0.0488
0.0491
0.0492

1.60
1.61
1.61

Th + + +, Ni * \  Cu + - 0.0491
0.0488
0.0491

1.61 
1.60 
1.61

a 0 .02  gram  of each metal. 
b 0.0035 gram  «  0 .11% . 
c 0.0098 gram  =  0 .33% . 
d 0.0490 gram  »  1.61%

T a b l e  II . D e t e r m in a t io n  o f  Z i r c o n iu m  i n  a  H i o h - T u n o s t e n  
S t e e l

(3-gram sam ple of alloy steel, 18.17 per cent tungsten)
C onstituents P resen t— Zirconium Found“

Gram Gram Gram %
0.5451 P 0.0007 0.0498 1.63
0.1155 Si 0.0054 0.0496 1.62
0.0285
0.0105

C 0.0225 0.0492 1.61

° Zr present, 0.0487 gram  =» 1.60%.
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S u m m a ry
Zirconium can be determined in steels with n-propylarsonic 

when present in amounts as low as 0 .1  per cent and in the 
presence of titanium, aluminum, chromium, cobalt, nickel, 
copper, uranium, vanadium, thorium, molybdenum, and 
tungsten.

Tin is partially precipitated by this reagent, but the zir
conium dioxide residues obtained upon ignition may be freed 
from tin oxide by adding powdered ammonium iodide and ig
niting.

L iteratu re  C ited
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Quantitative Spectrographic Analysis
Increased A ccuracy in  the L ogarithm ic Sector M ethod

H A R LEY  A. W IL H E L M , Io w a S ta te  C ollege, A m es, Iow a

A n ew  eyep iece  for m a k in g  read in gs on  
secto r  lin e s  h a s in tern a l com p arison  d en si
tie s  and  a n  in te r n a l sca le . R esu lts  ob 
ta in ed  w ith  i t  on  lo g a r ith m ic  sector  lin e s  
give a m ea n  error per in d iv id u a l read in g  o f  
± 0 .060  m m ., w h ich  is  o n e -th ird  th e  error 
th a t  h a s  b een  reported  for read in gs m ad e  
w ith  th e  ord inary m ea su r in g  eyep iece . A 
h ig h  degree o f  accuracy  is a tta in a b le  in  th e  
d eterm in a tio n  o f  re la tive  in te n s it ie s  o f  
sp ectru m  lin e s  by m ea n s o f  th e  lo g a r ith m ic  
secto r  and  th e  n ew  eyep iece . T h e  r e su lt  
is  a n  in crease  in  th e  accu racy  o f  th is  sy stem  
o f  q u a n tita tiv e  a n a ly sis .

TWYMAN and Simeon (5) have described the logarithmic 
sector method of obtaining relative intensities of spectrum 
lines, and have discussed the use of this method of photome

try in quantitative spectrographic analysis. In this system 
of quantitative analysis, a metal disk having a logarithmic 
periphery is placed directly in front of and very close to the 
slit of a stigmatic spectrograph. Rotation of the disk during 
an exposure causes the effective time of the exposure to vary 
along the slit; therefore the lines that are produced on the 
photographic plate decrease in density along their lengths and 
fade out a t one end.

The lengths of the lines in spectrograms that are produced 
by this kind of exposure vary according to the intensities of 
the spectrum lines in the light source. Since the intensities 
of the lines are dependent on the quantities of the elements 
giving the lines, accurate readings that are simply related to 
lengths of lines are necessary in analyses made with the loga
rithmic sector. The purpose of this paper is to present an 
accurate, rapid, and convenient method for making readings 
on such lines.

The common practice in line measurement is to use a low- 
power eyepiece (containing an internal millimeter scale 
graduated in 0 .1  mm.) directly on the gelatin of the plate 
which is placed on an illuminated opal glass. The length of a 
line is determined as the distance from the intense end of the 
line to a point a t which the line seems to fade out.

Consistent results are not always obtained in making such

measurements with the ordinary measuring eyepiece because 
the weaker end points of fading lines are difficult to determine. 
The analyses are, therefore, subject to considerable error. 
Errors of ±0.1 and ± 0 .2  mm. in these measurements are 
equivalent to errors of ±4.5 and ± 9  per cent, respectively, 
in the intensities of the spectrum lines.

Martin, Burke, and Knowles (S) have determined a mean 
error of ±0.18 mm. per individual reading with an ordinary 
measuring eyepiece. Some workers who use this method of 
measurement consider that an average of three independent 
determinations must be made in order to keep the error 
within ± 0 .2  mm.

Many devices and processes for decreasing the errors in 
line length determinations have been investigated. Smith
(4) has reviewed several of these investigations, and recently 
a method for making the measurements by means of a re
versed measuring microscope has been described (8). How
ever, each of these methods requires additional time, special 
apparatus, or both; and none shows promise of generally re
placing the ordinary measuring eyepiece.

B asis for N ew  M eth o d  o f  R ea d in g  L ines
In the “internal standard” method, which is usually em

ployed in a spectrographic analysis by the logarithmic sector, 
the composite spectrum of the sample includes the spectrum 
of the unknown quantity of the element being determined 
and the spectrum of a known fixed quantity of another ele
ment, the internal standard. Two lines, one from the spec
trum of each of these two elements, make a “line pair” ; and 
the difference in the lengths of these two lines, when referred 
to a working curve, gives the quantitative result. The work
ing curve is a graph showing the differences in lengths of the 
lines of the “line pair” for a series of known compositions of 
the element that is under estimation. Differences in lengths 
of lines are, therefore, the important values to be determined 
from spectrograms in this system of analysis.

I t  has been shown (3) from the equation of the logarithmic 
sector and the Schwarzschild relation that the gradation of 
density toward the ends of the long and the short lines should 
be exactly similar. This has been tested a t points within 
10.5 mm. from the dense ends of the sector lines and found 
to hold for lines on the same plate. Therefore, if measure
ments are made from points of a certain density on spectrum 
lines to the more exposed ends of the lines, the difference in 
the measured distances on two lines will be exactly equal to 
the difference in the entire lengths of the two lines. In addi



tion, if a fixed point on the scale of a measuring eyepiece is 
always placed on the lines a t the points having this density 
and the scale is read a t the intense ends of the lines, the differ
ence in the readings on two lines will be exactly equal to the 
difference in lengths of the two lines. Differences in such 
readings will serve the same purpose as differences in lengths
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and, when possible, between R  and the scale, as shown in the 
figure. The scale is then moved along A  until the density of A  
a t D\ is equal to  th a t of It a t Di. With the eyepiece in this posi
tion, a  reading is made on the scale a t  the dense end of A . The 
difference in this reading and one made in the same way on B  
gives the difference in lengths of the tWo lines which is necessary 
for the analysis.
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of lines for the construction of working curves and for the 
subsequent analyses.

The internal comparison density eyepiece, described below, 
is used for making readings from points of equal density on 
the lines.

T h e  N ew  E yepiece

The description and use of the comparison density eyepiece, 
which the present author has designed for the determination 
of differences in line lengths, are given with the aid of Figure 1.

a and b represent two arrangem ents of the reference spectrum 
line, R, in the field of the eyepiece. An eyepiece with either 
arrangem ent can be used in making the readings. The 20-mm. 
glass scale, S  (drawn w ithout its  0.1 mm. divisions), the refer
ence spectrum  line, R, and the fines, A  and Dt, th a t point out 
comparison densities are within the eyepiece. The lines of the 
“line p ah ,” A  and B, are on the spectrogram.

The reference spectrum fine, R, is a  sector line th a t has been 
removed from a spectrogram and perm anently mounted on the 
glass beside the scale. In  order to  make this transfer, the origi
nal spectrogram and the glass scale are placed in dust-free water 
and the line, w ith sufficient gelatin to cover the field of the eye
piece, is cut from the plate by means of a razor blade. The film 
of gelatin is transferred to  the glass scale, and the scale with the 
adhering gelatin film is then removed from the water. The gela
tin is dried in the proper position and then covered with a  clear 
colorless lacquer.

A high-contrast plate of low graininess and a  slit of the same 
width as th a t used in the analytical work should be used when 
producing the reference line for the eyepiece. An Eastm an spec
troscopic Type 144-0 plate (1), a slit w idth of 0.04 mm., and the 
copper arc spectrum were used in the production of the reference 
spectrum line for the m aterial presented in this paper.

Di is a  fine line th a t points out an  easily perceptible comparison 
density on the reference spectrum  line a t a point about 2 to 3 
mm. from the fain t end of the spectrum line. This density 
corresponds to  a point on or near tne contrast p art of the char
acteristic curve for the plate and is sufficiently low to allow the 
eye to  distinguish readily between it  and another density of 
slightly different value.

The rest of the optical system  and the mounting of the parts 
-of this eyepiece are the same as for the ordinary measuring eye
piece w ith an internal scale.

A reading on the spectrum line, A , is made by placing the eye
piece on the plate in such a manner th a t A  appears parallel to

Other comparison densities, such as Dt, are used in making 
readings when singularities exist on the spectrum lines a t A - 
Also, a density less than th a t a t Di can be used in reading very 
short lines, and a density greater than  th a t a t D\ can be used in 
reading exceedingly long lines. In  any case, the same compari
son density m ust be used on both lines of the “line p a h ” in 
order to  get one value for the difference in their lengths.

Although all readings for Table I were made w ith the refer
ence spectrum line, R, fading in the same direction as the line 
being observed (Figure 1, a), the arrangem ent w ith R  fading in 
the opposite direction to  the line being observed (Figure 1, 6) 
gives very good results.

A ccuracy O b ta in ab le
In order to make an estimate of the mean error of the read

ings made with the comparison density eyepiece, the copper 
arc spectrum was recorded by means of a Hilger E .l spectro
graph and the logarithmic sector on Types 11-0, III-O, IV-0, 
and 144-0 Eastman spectroscopic plates (all plates used in this 
work were developed for 8  minutes a t 18° C. in an Eastman 
developer, Formula D-19); and five lines on each plate were 
chosen for the test readings. A series of twenty readings, 
one on each of the five lines on each plate, was taken and then 
the series repeated until a total of five readings had been 
made on each line on each of three consecutive days. This gave 
fifteen nonconsecutive readings, which were made on the 
scale at the nearest 0.05 mm., for each of the five lines on 
each plate.

Although the Type 144-0 plate gave best results, the 
small errors made on Types III-O, IV-0, and 144-0 were 
practically identical; so the values in Table I, which represent 
the seventy-five readings that were made on the Type IV-0 
plate, give also the order of errors made in the readings on 
Types III-O and 144-0.

Series 1, 2, and 3 of Table I  show the first three readings 
that were made on each of the lines on the Type IV-0 plate, 
and average 1 shows the averages of these readings for each 
of the spectrum lines. In averages 2, 3, 4, and 5 are the 
averages by threes for the other twelve series of readings on 
this plate that are not given in the table, and in average 6 
are the averages of the fifteen readings on each line. The 
mean error per individual reading was determined by com-
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paring individual readings with the corresponding values in 
average 6 , and the mean error per average of three readings 
was determined by comparing averages 1, 2, 3, 4, and 5 with 
the corresponding values in average 6 . These mean errors 
are arithmetical mean errors tha t have been increased by 
±0.006 mm., the mean error of the mean of seventy-five 
readings.

T a b l e  I .  R e a d in g s  o n  T y p e  IV -0  P l a t e

C opper Arc 
Lines: 2618 Â. 2766 Â. 2824 Â. 2883 A. 2961 Â.

M m . ' M m . M m . M m . M m.
Series 1 11.50 11.40 12.60 9 .30 13.35
Series 2 11.60 11.35 12.65 9 .25 13.25
Series 3 11.50 11.40 12.75 9 .40 13.25
Average 1 11.53 11.38 12.67 9 .32 13.28
Average 2 11.55 11.42 12.75 9 .27 13.30
Average 3 11.55 11.45 12.62 9 .20 13.25
A^ erage 4 11.55 11.42 12.65 9 .23 13.35
Average 5 11.53 11.35 12.63 9 .27 13.28
Average 6 11.54 11.40 12.66 9 .26 13.29
M ean error per indiv idual reading =**0.,060 mm.
M ean error per average of three  readings =*=0,,034 mm.

Twenty measurements on that portion of the periphery of 
the sector disk corresponding to the points used in comparing 
densities on these lines gave a mean deviation of ±0.017 mm. 
from the calculated values for the logarithmic periphery, and 
a microscopic examination of this portion of the periphery 
showed no apparent irregularities.

The lines on the Type IV-0 plate were read anew by using 
D2 instead of Dt as comparison density and the values ob
tained, when compared with those in Table I, showed, within 
the limits of error indicated by the table, a common difference 
that was attributable to the difference in the gradation of 
the reference spectrum line, R, and the gradation of the lines 
on the plate. Apparently, the effect of singularities on the 
readings for the table was negligible and the low mean errors, 
which indicate the precision of the readings, also represent 
the accuracy obtained with the comparison density eyepiece 
on the Type IV-0 plate.

The lower contrast and the graininess of the Type II-O 
plate introduced a little more variation in the readings, but 
calculations based on the seventy-five readings on this plate 
gave a mean error per reading of only ±0.071 mm. and a 
mean error per average of three readings of ±0.048 mm.

Readings with the new eyepiece were also made on fogged 
plates and the errors of readings on these plates seem to be 
about the same as on clear plates.

The ability to make consistent readings on fogged plates 
and on plates with graininess and the ability to increase the 
accuracy of the readings on other plates show definite ad
vantages of the comparison density eyepiece over the ordinary 
measuring eyepiece. Furthermore, eye fatigue effects are 
much less and very little is lost in rapidity and convenience in 
working with the new eyepiece.

According to the equation for the logarithmic sector disk 
(.5), the mean errors of ±0.060 and ±0.034 mm. tha t are 
given in the table correspond to errors of ± 2 .8  and ± 1 .6  per 
cent, respectively, in the determination of the intensities of 
spectrum lines. These low mean errors show that the loga
rithmic sector method can give results that are of the order 
of accuracy obtainable by the best methods in use for the 
determination of relative spectrum line intensities by photo
graphic means.

In 1932 Harvey (2) pointed out that the determining 
factor with regard to the accuracy obtainable in quantitative 
spectrographic analysis by means of the logarithmic sector 
was the accuracy with which it was then possible to determine 
differences in line lengths. Therefore, the new eyepiece has 
increased the accuracy obtainable in spectrographic analysis 
by the logarithmic sector method; but because of factors 
that affect the excitation and intensity of a spectrum line, 
the accuracy indicated by reading with the new eyepiece will 
not be fully attained in some quantitative determinations.
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Foam ing and Prim ing o f Boiler Water and 
Condenser Leakage

E lectrom etric M ethod o f  M easurem ent

RICHA RD  U LM ER , O hio  S ta te  U niversity , C o lu m b u s, O hio

THE usual methods for measuring carry-over of liquid 
water into the steam from a boiler are by the steam 

calorimeter (3), electrical conductivity (2), and chemical ti
tration (i). These methods are time-consuming, require 
expensive equipment, or give questionable results. This paper 
describes a new electrometric procedure, accurate and rapid, 
which requires comparatively inexpensive apparatus.

The method is dependent on the fact that condensed con
taminated steam from a boiler or condenser has a different 
electrical conductance than condensed pure steam. Two 
cells containing identical electrodes are used. A sample of 
condensed pure steam (distilled water) is placed in one cell

and a sample of the condensed contaminated steam in the 
other. The contaminating solution (boiler water or cooling 
water as the case may be) is added from a buret to the cell 
containing the distilled water until the indicating device shows 
that the electrical conductance is the same as that of the 
contaminated condensate in the other cell. This indicates 
that the concentration of contaminant is the same in each 
cell and therefore the amount of contaminating solution added 
is a measure of the amount of contamination. This method 
directly measures the volume of the contaminating boiler or 
condensing water and is independent of the concentration of 
these waters.
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C E LL BC ELL A
F ig u r e  1. A p p a r a t u s  f o r  E l e c t r o m e t r ic  D e t e r m in a t io n  

o f  C a r r y - O v e r  a n d  C o n d e n s e r  L e a k a g e

Apparatus
The apparatus employed is shown in Figure 1.

C e l l s . The samples are placed in 150-ml. beakers, in each 
of which is an electrode assembly of Monel or nickel rods 0.65 X 
10.8 cm. (0.25 X 4.25 in.) fixed w ith w ater-tight connections in 
3.2 X 5.1 cm. (1.25 X 2 in.) hard-rubber holders. The dis
tance which the electrodes extend into the solution is adjusted 
so th a t they  are ju s t covered by a 100-ml. sample, and so th a t 
the same voltm eter reading is obtained for each cell when filled 
with 100 ml. of dilute salt solution a t room tem perature.

B u r e t . A 10-ml. buret graduated in 0.05 ml. is preferable, 
although any ordinary one m ay be used.

S w it c h . A single-pole double-throw switch is required.
V o l t m e t e r . Any ordinary alternating current voltm eter with 

a  0- to  150-volt range m ay be used, bu t one w ith a resistance of 
about 2500 ohms is m ost satisfactory for use w ith a 110-volt 
a lternating current circuit.

At first thought an  am m eter would seem more suitable and, 
of course, one of appropriate range could be used. An outside 
resistance would, however, be necessary, and since the instru
ment is employed only as an  indicating device, a voltmeter is 
more practical because it already has a high resistance.

P rocedure
F o r  C a r r y - O v e r . Three samples are required, a, con

densed pure steam leaving the boiler when carry-over is 
known not to be occurring, or recently boiled distilled water; 
b, condensed steam leaving the boiler when carry-over is 
suspected; and c, a sample of the boiler water obtained at 
the same time as b.

The electrodes in each cell are connected in either a 110- 
or a 2 2 0-volt alternating current circuit with the voltmeter 
in series as shown in Figure 1. I t will be observed that either 
cell can be thrown in by the switch. Measurements are made 
as follows:

One hundred milliliters of the sample taken when carry-over 
was no t occurring or 100 ml. of distilled w ater are placed in 
cell A, and 100 ml. taken  when carry-over is suspected, in 
cell B. V oltmeter readings are then taken for both cells. If the

readings are the same, indicating th a t both solutions have the 
same concentration of electrolytes, there is no carry-over. If 
the reading for cell B, however, is greater than  for cell A, there 
is carry-over, the percentage of which is then obtained by  adding 
boiler water (sample c) from the buret to cell A, until the reading 
for cell A has increased to th a t for cell B. This indicates th a t 
the electrical conductance, and hence the concentration of 
boiler water, is the same in both cells. The number of milliliters 
of boiler water added gives the percentage of carry-over.

This assumption that the boiler water added to 100 ml. of 
distilled water is the same percentage as that in 100  ml. of 
condensed contaminated steam is, of course, not strictly 
accurate, but the error introduced is negligible, especially 
in the lower ranges where errors are more significant.

The error introduced by the fact that cell A  contains more 
solution than cell B  is also negligible, as experiment showed.

F o r  C o n d e n s e r  L e a k a g e . Condenser leakage may be 
obtained by the same procedure as for carry-over, the sam
ples required being, a, condensate entering the condenser, b, 
condensate leaving the condenser, and c, cooling water. One 
hundred milliliters of a and b are placed in the cells, voltmeter 
readings are taken, and sample c is added to the cell containing 
a until the voltmeter readings are the same for both cells. 
The volume of cooling water added gives the percentage of 
condenser leakage.

E xperim ental

A synthetic boiler water containing 250 p. p. m. of sodium 
chloride was used in obtaining the results in Table I. Samples 
in cell B were made by diluting a known amount of this 
standard solution, and distilled water was used in cell A. The 
experiments of Tables I  and I I  were conducted with a set of 
electrodes having the dimensions shown in Figure 1. All 
readings were made at 2 2 ° C.

D iscu ssio n  o f  R esu lts

T a b l e  I. The difference between any two adjacent read
ings in columns 2 or 3 shows the sensitivity of the method in 
the concentration range as given in column 1. As might be 
expected, the sensitivity is greater a t low concentrations than 
at high and is also greater when using the 2 2 0 -volt circuit. 
This greater sensitivity a t low concentrations is a decided 
advantage, because it is in this region that accuracy of 
measurement is needed. The sensitivity and accuracy of the 
method increase with the concentration of the boiler water. 
If this is as much as 1000 p. p. m., a few hundredths of a per 
cent of carry-over can be detected and measured.

T a b l e  II. Since the titration of chlorides by the Mohr 
method is frequently employed in measuring carry-over, the

T a b l e  I . V a r ia t io n  o f  V o l t m e t e r  R e a d in g s  w i t h  C h a n g e  
i n  C o n c e n t r a t io n  o f  S o d iu m  C h l o r id e

R eadings-
110-volt circuit and 220-volt circuit

Sodium voltm eter with 150- and  voltm eter
Chloride volt scale and  5364 with 300-volt scale and
Present ohms resistance 10,760 ohms resistance
P . p. m. Volts Volts

0 .0 16.0 53 .0
0 .5 20.0 65.0
1 .0 23.0 76 .0
2 .0 29 .0 93 .0
4 .0 38 .0 115.0
6 .0 46 .0 133.0
8 .0 52 .0 147.0

11.0 60 .0 161.0
15.0 66 .5 174.0
18.0 71 .5 180.0
21 .0 76 .0 185.0
26 .0 80 .0 191.0
36 .0 86 .0 199.0
46.0 91 .0 205.0
56 .0 94 .0 209.0
66.0 96 .0 211.0
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T a b l e  II. C o m p a r is o n  o k  M o h r  a n d  E l e c t r o m e t r ic  M e t h o d s  
f o r  D e t e r m i n a t io n  o f  C a r r y -O v e r

Sample Calculated

-  Percentage of C arry -O ver---------------------*
E lectrom etrio  M ohr 

m ethod m ethod
1 0 .10 00.09 Too low to
2 0.20 0.23 determ ine
3 1.00 1.02 0.7
4 1.50 1.50 1.3
5 4 .00 4.21 4 .0
6. 6 .00 6 .3 6 .7
7 7 .50 7 .8 7 .9
8 12.00 12.1 11.4
9 20.00 20.4 19.7

10 30.00 30 .3 30 .4

results in Table II  are of special interest. They show that the 
Mohr method is of no value if carry-over is much below 1 per 
cent. The proposed electrometric procedure, however, gives 
excellent results at such low concentrations.

D etec tio n  o f  Carry-Over

It is evident from the above data that a suitable alternating 
current voltmeter connected in a 110- or a 2 2 0 -volt circuit to 
electrodes in a cell through which condensed steam bled from 
the line is flowing makes an inexpensive and highly sensitive 
means for detecting the beginning of carry-over. Although 
it might be thought that by suitable calibration such an in

strument could be used directly for measuring the carry-over, 
this is not the case unless the concentration of the boiler water 
is constant, which would be true only under special conditions.

An apparatus similar to the one described above was suc
cessfully used by the author over a period of 4 years in a large 
power plant, both for measuring carry-over and for detecting 
the beginning of carry-over.

A ck n o w led g m en t

This investigation originated during the author’s employ
ment in one of the power plants of the Columbus Railway 
Power and Light Co., and the details were worked out as part 
of the boiler water studies conducted at the Ohio State 
University by C. W. Foulk. The author wishes to express 
his grateful appreciation of the generous aid of the National 
Aluminate Corporation, of Chicago, and of the Engineering 
Experiment Station of the Ohio State University.
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The Determ ination o f Gold
F . F.. B EA M ISH , J .  J .  R U SS E L L , AND J .  SEA TH , U n iversity  o f  T o ro n to , T o ro n to , O n ta rio , C an ad a

A n ew  procedure h a s b een  developed  for 
th e  an a ly sis  o f  go ld  and it s  sep a ra tio n  from  
th e  p la t in u m  group o f  m e ta ls . P rec ip ita 
tio n  is  ex trem ely  rapid , th e  go ld  is  easily  
filtered, an d  o c c lu s io n  o f  th e  p la t in u m  m e t
a ls  is  n eg lig ib le . T h e  p rec ip ita tio n  can  
be m ad e from  cold  so lu tio n s . A con sid er
ab le  n u m b er  o f  organ ic  rea g en ts  m ay  be  
u sed  for th e  d e te r m in a tio n  o f  go ld  an d  the  
resu lts  o b ta in ed  by m ea n s o f  th e se  rea g en ts  
arc in c lu d ed  in  th is  report.

THE separation of gold from the platinum group of metals 
in an assay bead is generally accomplished by means of 

reduction with sulfur dioxide, ferrous sulfate, or oxalic acid. 
The use of ferrous salts is restricted by the difficulties incident 
to the subsequent separation of iron from the rest of the plati
num metals. The authors have had very little success with 
oxalic acid because of the slow precipitation of gold previously 
treated with aqua regia and sodium chloride. The gold pre
cipitated by means of oxalic acid separates in a fine state of 
division which makes the complete filtration difficult and 
uncertain, and reprecipitation is necessary because of the 
persistent tendency of the gold to carry palladium with it. 
Sulfur dioxide precipitates gold from acid solution, but in 
this case there is a pronounced tendency of the gold to occlude 
platinum.

The following is a summary of an investigation instigated 
to find a more efficient reagent for the separation and estima
tion of gold when present together with the platinum metals. 
Lenher (S), in the report of his attem pt to find methods by

which derivatives of the aurous type of gold might be pre
pared, gives a list of photographic developers and other 
organic reagents which precipitate gold instantly from either 
acid or alkaline solutions. I t  was decided to determine whether 
these reagents could be used for the quantitative estimation 
of gold and for its separation from the platinum metals.

P rec ip ita tio n  o f  G old  b y  I ly d ro q u in o n e
The weighed sample of gold was dissolved in aqua regia, evapo

rated  to dryness in the presence of sodium chloride, and moistened 
3 times w ith hydrochloric acid, and the residue was dissolved in 
about 15 cc. of water and 5 cc. of concentrated hydrochloric acid. 
The solution was filtered through a 7-cm. paper, and the volume 
was adjusted to 50 cc. by washing, and then brought to boiling. 
Precipitation was slowly induced by means of 5 per cent aqueous 
hydroquinone solution (this solution retains its efficiency as a 
reducing reagent for as long as a week), and then a  volume of 3 
cc. was added for every 25 mg. of gold. Boiling was continued 
for 20 minutes, and the mixture was allowed to  cool and filtered 
through a porous-bottomed filtering crucible of grade A2. (These 
crucibles m ay be purchased from Staatliche Porzellan Manu- 
faktur, W egelystrasse 1, Beilin N W  87, Germany, or from the 
usual apparatus supply houses in N orth America.) W hatm an's 
7-cm. No. 42, and MunktelTs No. 00 filter paper were used in 
some cases and found entirely satisfactory. The precipitate was 
washed w ith about 100 cc. of hot water. Precautions m ust be 
taken a t  this point to see th a t all the  gold is washed out. Fine 
particles remain in the bottom  of the beaker and can best be

T a b l e  I. P r e c i p it a t io n  o f  G o l d  b y  M e a n s  o f  H y d r o q c in o n e

Gold A dded Gold Recovered Gold A dded Gold Recovered 
Mo. Mo. Mo. Mo.

4 .898
4.477
4.414

27.31
20.44
24.84

4.700 
4 .479 
4 .430 

27.31 
26.44 
24. S4

34.64
36.07
30.83

151.2
151.7
152.5

34.64
36.09
30.85

151.4
151.9
152.3
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observed by means of a flashlight. Small pieces of ashless filter 
paper m ay be used to remove any small precipitate of gold which 
persistently adheres to  the walls of the beaker. Beakers of 150-cc. 
capacity were found m ost suitable. The results are given in 
Table I.

Experiments made to determine the efficiency of hydro- 
quinone as a reducing agent for gold from cold 1.2  iV hydro
chloric acid solutions indicated that the reduction was 
complete after the mixture was allowed to stand for about 2 
hours. At the end of 0.5 hour a solution containing 33.79 
mg. of gold yielded 33.33 mg. and at the end of 2 hours yielded 
33.79 mg. of gold.

S ep aration  o f  G old  from  P la t in u m  an d  from  
P a lla d iu m

A palladium sulfate solution was made up and by analysis 
with dimethylglyoxime was found to contain 24.85 mg. of 
palladium per 25.00 cc. of solution. The weighed sample of 
spectroscopically pure gold was added to 25.00 cc. of this solu
tion, the mixture was taken to  dryness, aqua regia was added, 
and the nitric acid was removed by 3 evaporations with small 
amounts of hydrochloric acid in the presence of sodium chloride. 
The residue was dissolved w ith the aid of a few drops of hydro
chloric acid and the solution was filtered and washed to a volume 
of 45 cc. Then 5 cc. of concentrated hydrochloric acid were added. 
The gold was precipitated as previously described and washed to 
a volume of about 150 cc. of solution. Dimethylglyoxime solu
tion was added directly. The palladium dimethylglyoxime was 
filtered through a W hatm an’s No. 42, 11-cm. filter paper and 
burned according to the standard procedure. The results ob
tained are given in Table II.

A platinum  solution, by analysis w ith sodium formate, was 
found to contain 25.75 mg. of platinum  per 25.00 cc. of solution. 
A gold solution was made up to contain 25.07 mg. of gold per 
25.00 cc. of solution and by analysis was found to contain 25.04 
mg. of gold.

T a b l e  I I . S e p a r a t i o n  o f  G o l d  f r o m  P a l l a d iu m  a n d  G o l d  
f r o m  P l a t in u m

Gold
A dded

Palladium Pla tinum Gold
— Recovered- 

Palladium Platinum
Mg. Mo. Mo. Mo. Mg. Mo.

16.85 24.85 . . . 16.83 24.85
13.70 24.85 . . . 13.69 24.85
17.14 24.85 . . . 17.10 24.90
18.33 24.85 18.36 24.85
25.07 • • • 25 .75 25.05 25.75
25.07 25.75 25.03 . . . 25.70
25.07 25.75 25.06 • . . 25.85

Twenty-five cubic centimeters of each of these solutions were 
mixed and 5 cc. of concentrated hydrochloric acid added. The 
gold was precipitated as previously described, except th a t 3 cc. 
of 1 per cent hydroquinone solution were used. The filtrate 
was taken to dryness on a  steam  bath  and the residue baked over 
a Meker burner for about 5 minutes. The walls of the beaker 
were exposed to the full flame until the small am ount of organic 
m atter was burned off. Aqua regia was added and the platinum 
dissolved over the steam  bath. The cover and the walls were 
washed down w ith water and the nitric acid was removed by 
3 evaporations w ith small amounts of hydrochloric acid in the 
presence of sodium chloride. The walls of the beaker were 
again washed and the solution was evaporated to dryness. 
W ater was added and the solution filtered through a 7-cm. 
W hatm an’s No. 40 paper.

In  order to avoid possible loss of traces of platinum, the paper 
was burned in a  large porcelain crucible and the residue dissolved 
in aqua regia and evaporated to remove nitric acid. About 10 cc. 
of water were added and the liquid was filtered into the original 
platinum solution. The volume was made up to about 225 cc., 
boiled, and adjusted to  pH  6 by means of sodium bicarbonate 
solution and bromocresol purple, as described by Beamish and 
Russell (1). The solution was boiled and the platinum precipi
ta ted  by careful addition of about 100 to  125 mg. of sodium formate 
crystals. Boiling was continued for about 45 minutes and the 
mixture set aside for about 10 hours and filtered. Adhering 
platinum  was removed w ith 1 or 2 small pieces of ashless filter 
paper and the residue was washed with 200 cc. of water. I t 
was found th a t if the precipitate was allowed to stand, filtration 
was considerably accelerated and addition of an electrolyte to 
the wash water was not necessary, as in no case did platinum 
pass through the filtering crucible. The small blank obtained 
by this procedure was determined and subtracted. The results 
obtained are given in Table II.

An attem pt was made to  precipitate platinum  directly from the 
gold filtrate by means of hydrogen sulfide, bu t it was found th a t 
the precipitation was not complete.

C om parison  o f  H yd roq u in on e an d  S u lfu r  D ioxide
When a precious-metal assay bead is parted by means 

of sulfuric acid, platinum, palladium, and gold appear in the 
aqua regia extract, accompanied sometimes by small propor
tions of rhodium, iridium, osmium, and ruthenium; conse
quently it is necessary to know the effect of the hydroquinone 
reagent on acid solutions of each of these metals. The authors 
include results in Table I I I  comparing the action of these two 
reagents with respect to the properties of occlusion of platinum 
and palladium. This is done because it has been generally 
accepted that gold precipitated by means of sulfur dioxide 
carries with it appreciable amounts of platinum metals. The 
procedure followed in the case of reduction with sulfur dioxide 
is that outlined by Hillebrand and Lundell (2).

T a b l e  III. O c c l u s io n  o f  P l a t in u m  a n d  P a l l a d iu m  i n  t h e  
P r e c i p it a t io n  o f  G o l d

R eagent

Sulfur
dioxide

H ydro
quinone

Gold
--------- Added -

Platinum Palladium
Gold

Recovered E rro r
Mo. Mo. Mo. Mo. %

33.79 33.78 - 0 .0 3
33.79 25 ‘.75 34.15 +  1.07
33.79 25 .00 33.81 + 0 .0 6
33.79 50.00 33.86 + 0 .2 1

33.79 33.81 + 0 .0 6
33.79 50!6o 33.80 +  0 .03
32.19 23.41 22! 95 32 .30 +  0 .34
36.07 23.27 21.04 36.09 + 0 .0 6
33.57 22.93 24.48 33.55 - 0 .0 6
33.79 50.00 33.78 - 0 .0 3

168.97 25.75 ... 168.73 - 0 .1 5

suits indicate that gold precipitated by means of
sulfur dioxide carries with it appreciable amounts of platinum 
and that gold precipitated with hydroquinone does not seem 
to occlude platinum or palladium when these metals are 
present up to double the weight of the gold present.

Sodium sulfite reagent was also tried and here again the 
occlusion of salts produced very appreciable errors.

Experiments were made to determine the effect of hydro
quinone on 1.2 N  hydrochloric acid solutions of rhodium, 
iridium, osmium, and ruthenimn and proved that precipita
tion did not occur even after standing some days. In the 
case of platinum when the solution was adjusted to pH 6 and 
hydroquinone added, no precipitate appeared. When a solu
tion of palladium was adjusted to pH 6 and just sufficient 
hydrochloric acid added to dissolve the brown oxide, hydro
quinone immediately produced a gray precipitate from the 
boiling solution. The filtrate obtained from this precipitate 
after the mixture had been left standing for about 1 hour 
failed to show palladium with either dimethylglyoxime or 
p-dimethylamino benzilidene rhodanine.

H yd roq u in on e in  th e  D eterm in a tio n  o f  Gold  
in  A lloys

A solution containing 33.83 mg. of gold and 25.0 mg. of copper 
was evaporated to dryness and taken up w ith aqua regia, and 
the nitric acid removed by the usual method. The gold was 
precipitated from a 1.2 M hydrochloric acid solution as previously 
described and weighed 33.80 mg.

A second solution was prepared containing 25.07 mg. of gold, 
7 mg. of nickel, and 5 mg. of zinc. The gold was precipitated 
from this acid solution and weighed 25.07 mg. A second sample 
weighed 25.08 mg. Gold was precipitated from two solutions 
containing the above proportions of gold, zinc, and nickel and 
the precipitate was left standing in contact with the solution for 
a period of about 10 hours. The results were 25.16 and 25.16 mg. 
of gold. This indicates th a t occlusion occurred, because hydro
quinone left in contact with 1.2 2V hydrochloric acid solutions 
of nickel, zinc, and copper produced no precipitate. In  the case 
of dental alloys which contain silver, the silver can be removed 
as the chloride; the remaining solution can be treated directly
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for gold after removal of nitric acid. Tungsten interferes, because 
it precipitates as tungstic acid in acid solutions and m ust first be 
removed.

T a b l e  IV. P r e c i p it a t io n  o f  G o l d  b y  V a r io u s  O r g a n ic  
R e d u c in g  R e a g e n t s

R eagen t Gold Added Gold Recovered
Mo. Mo.

Amidol (hydrochloride sa lt of 1,3-diamino- 
4-hydroxybenzene)

33.83 33.86
33.83

R hodinal .(p-aminophenol hydrochloride) 33.83 33.82
33.81

Resorcinol 33 .83 33.79 
33.83

Pyrogallol 33.83 33.83
33.84

H ydroxyhydroquinone 33.83 33 .85
33.82

Phenylenediam ine 33.83 33.86
33.82

Pyrocatechol 33 .83 33.86
33.83

Photol (sulfate sa lt of p-JV-methyl amino- 
phenol)

33.83 33.83
33.86

Phloroglucinol 25.07 25.06
25.08

o-Aminophenol 25.07 25.07
25.08

Phenol 33.83 6 .82

In view of the fact that hydroquinone precipitates gold so 
efficiently, it seemed worth while to investigate the possible 
application of related organic compounds to the estimation of 
gold. The procedure used for these determinations was iden
tical to that described for hydroquinone. A few of the 
reagents tried are given in Table IV.

S u m m a ry
A 1 per cent aqueous solution of hydroquinone precipitates 

gold rapidly and completely from 1.2 2V acid solutions. Oc
clusion of platinum and palladium is negligible when they 
are present even in the proportion of 2 to 1 of gold. Hydro
quinone will precipitate gold from cold acid solutions but 
about 2  hours’ contact is necessary for complete precipitation.

Hydroquinone precipitates gold directly from acid solutions 
containing copper, nickel, and zinc and consequently offers a 
rapid method for the determination of gold in alloys containing 
these base metals.

Palladium dimethylglyoxime can be precipitated directly 
from the filtrate of the gold precipitation.

Platinum can be determined in the filtrate from the 
precipitation of gold after heating the evaporated residue to 
destroy the organic matter and then digesting it with a little 
aqua regia.

A ck n o w led g m en t
The authors are indebted to E. C. Forbes of the Depart

ment of Chemistry for assistance in obtaining some of the 
results.
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T he Rapid A nalysis o f  Zinc-Sodium  Am algam s
HERM AN A. L IE B IIA FSK Y , R esea rch  L ab o ra to ry ,

A RECENT study of the reactivities of zinc amalgams 
(2 ) has shown that the absolute rates at which they are 

oxidized by various oxidizing agents—e. g., the oxygen of the 
air—increases only slightly with the concentrations of the 
amalgams. As a result, concentrated amalgams seem inert; 
dilute amalgams appear to be extremely reactive. This 
peculiar behavior of zinc amalgams makes possible a satis
factory, rapid analytical method, which can probably be 
modified to suit other cases, for the determination of zinc 
and sodium in zinc-sodium amalgams, provided the zinc 
concentration exceeds 0 .0 1  per cent.

To a weighed sample of the amalgam in a  dry Erlenmeyer 
flask, approximately twice the volume of standard acid equiva
lent to  the sodium is slowly added from a pipet. The acid and 
amalgam are gently whirled about in the flask for 20 seconds, 
a t which time violent hydrogen evolution should have ceased.
The excess of acid remaining is determined by titra ting  with 
standard  base, phenolphtlialein being used as indicator. The 
amalgam, which will now contain no sodium and will have lost 
no appreciable am ount of zinc if the procedure has been properly 
carried out, is next transferred to a cell—e. g., of the II type— 
where its electromotive force is measured against a concentrated 
known zinc amalgam as reference electrode w ith a 1 M  zinc 
sulfate-0.05 M  sulfuric acid solution serving as electrolyte. The 
unknown concentration of zinc is then calculated from the 
measured electromotive force by means of the Nernst equation,
E  = R T /N F  In (Zn)!/(Zn)2. (I t has long been known th a t 
zinc amalgams deviate systematically from the Nernst equat ion, 1.
The accuracy of the analytical method described above is usually 
not great enough to w arrant considering these deviations; their 
effect can be minimized by choosing as reference electrode an 
amalgam of nearly the same concentration as the unknown.)

The results in Table I  were obtained by the above method and

G en era l E lec tric  C o m pany , S ch en ec tad y , N . Y.

serve to tes t its reliability. For analysis 50- to 75-gram samples 
of known zinc-sodium amalgams were taken; 5 cc. of N  sulfuric 
acid, 0.5 N  sodium hydroxide, zinc amalgams of known concen
tration  for reference electrodes, and the electrolyte solution were 
the reagents used. The zinc-sodium amalgams were prepared 
by dilution from more concentrated known zinc and sodium 
amalgams. The most concentrated (1 per cent) known zinc 
amalgam was prepared by dissolving a weighed am ount of zinc 
in a weighed am ount of mercury in a hydrogen atmosphere; 
the known sodium amalgam was obtained by dissolving sodium 
in mercury and determining the sodium content acidimetrically.

T a b l e  I .  A n a l y t ic a l  R e s u l t s  f o r  Z l\ tc -S o d iu m  A m a l g a m s

1 2 3 4 5 6
Na added, %  0.0S2 0.063 0.077 0 .082  0 .040  0.063
N a found, % 0.0S4 0.062 0 .076  0 .080 0.03S 0.062
Zn added, %  0 .87  0 .098  0.059 0 .0088 0 .0030 1.7(10-<)
Zn found, %  0 .8 8  0.107 0.059 0 .0080 0 .0024 Nil

The data in Table I  and general experience in this laboratory 
indicate that the analytical method will usually give results 
accurate to about 2 to 5 per cent, provided the zinc concentra
tion exceeds 0.01 per cent. As the zinc amalgams become 
more and more dilute, the inertness of which this analytical 
method makes use tends increasingly to disappear; and the 
results obtained are consequently low. Table I  clearly il
lustrates this point; for amalgams more dilute than 0 .0 0 1  
per cent, the method is obviously of little value (No. 6 ).

L itera tu re  C ited
(1) L ieb h a fsk y , H . A., J . Am . Chem. Soc., 57, 2657 (1935).
(2) Ibid., 59, 452-8 (1937).
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Fractionation and Composition o f Sulfonated Oils
RA LPH  H ART, 1440 B roadw ay, New Y ork , N . Y.

A rapid  an d  reliab le  procedure is  given  for  
th e  q u a n tita tiv e  fra c tio n a tio n  or sep aration  
o f  th e  various fa tty  co m p o n en ts  con ta in ed  
in  su lfo n a ted  sap on ifiab le  o ils . D ata  ob
ta in ed  as a re su lt  o f  th e  a p p lica tio n  o f  th is  
m e th o d  to  sa m p les  o f  co m m ercia l su l-  
fo n a lcd  o live and  castor  o ils  in d ic a te  th a t  
th e  rea ctio n  b e tw een  co n cen tra ted  su lfu r ic  
acid  and  a fa tty  g lycerid e  is  com p aratively  
s im p le  and  th a t n o  p o lym ers, or very l it t le ,  
are form ed . T h ese  fin d in gs arc contrary  
to  th e  generally  accep ted  view  o f  th e  s u l
fo n a tio n  rea ctio n . T h e  probable co m p o si
tion  o f  each  o f  th e  fra ctio n s separated  is  
given  and  th e  probable course o f  th e  su lfo 
n a tio n  rea ctio n  is  rep resented  by an  eq u a 
tion .

IN THE manufacture of the ordinary commercial grade 
of sulfonated oil, made from such oils as castor, olive, 

neat’s-foot, etc., the raw oil is usually treated with about 25 
per cent of strong sulfuric acid. In the case of glycerides 
whose fatty  acids have either one double bond or one hydroxyl 
group, this quantity of acid corresponds approximately to 3 
moles of sulfuric acid to 4 of the fatty  acids. Actual sulfona
tion, however, occurs only to the extent of 25 to 30 per cent 
instead of the theoretical yield of about 75 per cent; hence, 
the ordinary sulfonated oil is a mixture of sulfonated fat, 
unchanged glycerides, free fatty acids, and polymerized oils. 
Because of the complexity of the mixture and of troublesome 
emulsions formed during extractions with solvents, very little 
headway has heretofore been made in developing a method to 
fractionate or separate the different components existing in 
a sulfonated oil.

There seems to be a feeling among users of sulfonated oils, 
particularly among leather chemists, tha t a knowledge of 
the structural composition of a sulfonated oil might help to 
explain certain variations and nonuniformity sometimes noted 
in materials treated with such products. This information 
would also be of great value in determining the nature of 
the raw oil or oils used in the process and whether or not the 
sulfonated product contains any admixture of raw oil. At
tempts have therefore been made recently to develop methods 
for fractionating sulfonated oils. The American Leather 
Chemists’ Association (3, 6) had appointed a committee, which 
left the m atter pending, to investigate the determination of 
neutral fat in sulfonated oils. Winokuti, Igarasi, and Yagi 
(10) outlined a procedure for determining neutral fat, fatty 
acids, and sulfo oil, which is not supported by sufficient quan
titative data, and which yields imperfect separations of the 
components as well as troublesome emulsions during extrac
tions.

S ch in d ler  M eth od

The best known of the fractionation methods is that of 
Schindler (1, 7, 8). The writer finds the method involved, 
tedious, uncertain, and inexact. Burton and Robertshaw 
(2) state that the Schindler method, although valuable, is 
very complicated and gives incomplete separation of the

fractions, and that when the sulfated oil contains a high pro
portion of water or added neutral saponifiable and/or unsa- 
ponifiable oil, the fractionation does not yield quantitative 
results. Some changes in the Schindler method proposed by 
Theis and Graham (9) seem to have improved it very little.

N ew  M eth od

A procedure is here outlined which separates quantitatively 
(A) sulfo oil, (B) fatty acids, and (C) neutral fat. The method 
is not affected by admixtures of saponifiable oils, mineral oils, 
or water, and is applicable to oils of the type of ricinoleic 
acid as well as oleic acid. The method is accurate and simple, 
and check results are easily obtained. A complete fractiona
tion in duplicate may be carried out in about 4 hours. The 
analysis of the various fractions has also led to a theory of the 
composition of the sulfo oil and of the chemical reactions 
that may take place between the acid and the glycerides 
during sulfonation.

During this investigation it was found that no emulsions 
are formed and tha t sharp separations occur when a somewhat 
concentrated solution of sulfonated oil in water, on either the 
acid or neutral side, is extracted with ethyl ether or petroleum 
ether. The extractions may be successively repeated any 
number of times with the same result, but any attem pt to 
wash the solvent layer with water results in unsatisfactory 
separations. The ether layer, however, is contaminated with 
a variable but small amount of sulfo oil—the quantity de
pending upon the efficiency of the extractions and the ratio 
of solvent to solution. Every effort made to remove the sul
fonated oil from the ether layer proved unsuccessful. Al
though the emulsions formed upon washing with water were 
easily broken by small quantities of electrolytes, such as 
sodium sulfate, the sulfonated oil was found to be redissolved 
in the ether layer.

By the proper proportioning of the solvent and solution, 
all the neutral fat and the fatty acids may be quantitatively 
separated from the sulfo oil by extraction with ether. The 
ether extract, containing the neutral fat and the fatty  acids 
(and some sulfo oil), is then neutralized and the neutral oil 
is extracted in a similar manner. The water layer from the 
ether extraction contains the sulfo oil, substantially free from 
all unsulfonated fractions. By applying a correction factor 
for the sulfo-oil contaminant in the ether layer, the neutral 
fat, fatty acids, and sulfo oil may be quantitatively estimated.

Procedure
F r a c t io n  A, S u l f o  O i l . Dissolve 10 grains of the sample in 

25 ec. of water in a  250-cc. separatory funnel and add 50 cc. of 
ethyl ether, 5 drops of methyl orange indicator (0.1 per cent 
solution), and 0.5 N  sulfuric acid until the lower layer after 
vigorous shaking and settling is faintly pink. Shake the mixture 
vigorously for about 1 minute and allow the layers to separate 
well. Excess w ater used in dissolving the sample often results 
in emulsions or the formation of gels, which, however, m ay be 
overcome by the addition of 5 to 15 cc. of alcohol. A moderate 
turbidity  in the water layer after this extraction m ay be disre
garded. Separate the two layers and again extract the water 
layer—which contains the sulfo oil—w ith two 25-cc. portions of 
ether.

Add to  the w ater layer in the separatory funnel 10 grams of 
solid sodium chloride, 5 drops of phenolphthalein solution (1.0 
per cent), and 50 cc. of ether, and titra te  w ith 0.5 Ar sodium 
hydroxide solution until the lower layer after vigorous shaking 
and settling is faintly pink. Now add 5 drops of m ethyl orange 
and sufficient 0.5 N  sulfuric acid with vigorous shaking until 
the lower layer is again faintly pink. Add enough dry B alt

177
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until a  slight excess is present. After settling, discard the lower 
or salt layer, evaporate the ether from the upper layer, and de
termine the organically combined sulfuric anhydride and the 
fa tty  m atter in the residue in the usual way—the former pref
erably by the acid-titration method (4). The ratio of fa tty  
m atter to combined sulfuric anhydride gives the correction factor 
to be used in determining the sulfo oil found in the other fractions. 
The am ount thus determined is ultim ately added to fraction A.

F r a c t io n  B, F r e e  F a t t y  A c id s . To the combined ether 
layers from fraction A , containing the free fa tty  acids and the 
neutral fat, add 25 cc. of a concentrated solution of sodium chlo
ride, 5 drops of phenolphthalein indicator, and 10 cc. of alcohol, 
and carefully neutralize the free fa tty  acids w ith 0.5 N  sodium

T a b l e  I. F r a c t io n a l  A n a l y s is  o f  S a m p l e s  o f  S u l f o n a t e d  
O l iv e  a n d  C a s t o r  O il s

Fraction  A, suifo oil
F a t ty  m atte r, uncorrected 

Com bined SOj 
C orrection factor (fa tty  

m a tte r/com bined  SOj) 
C orrection for sulfo oil in 

fraction  B 
Correction for sulfo oil in 

fraction  C 
T o tal correction for sulfo oil 

F a tty  m atte r, corrected 
Fraction  B, free fa t ty  acids 

F a tty  m atte r, uncorrected 
Com bined SOi 
C orrection for sulfo oil 

F a tty  m atte r, corrected
Fraction  C, neutra l fa t 

F a tty  m atte r, uncorrected 
Com bined SO*
Correction for sulfo oil 

F a tty  m atte r, corrected 
Totals

F a tty  m a tte r found 
F a ttv  m a tte r theoretical 
Com oined SOj found 
Com bined SOa theoretical

Sulfonated 
Olive Oil 

I I I  Av.
% %

16.8  16 .5  
3 .3 3  3 .39

%
16.7
3 .36

4.97

3 .6

0 .9
4 .5

21.2

Sulfonated 
C astor Oil 

I I I  Av.
% % %

19.4  18.9 
3 .9 8  4 .01

19.2
4 .0 0

4 .8 0

2 .0

2 .Ó
21.2

2 4 .5  25 .3  24 .9  2 8 .8  27 .6  28 .2
0 .7 0  0 .74  0 .7 2  0 .45  0 .37  0 .41
................................. 3 .6  .............. 2 .0
................................. 2 1 .3  ..............  26 .2

12.222 .3  2 1 .8  22 .1  11 .7  12.7
0 .2 0  0 .1 6  0 .1 8  . . .  T race . . .
..................  0 .9  ..................  . . .
  2 1 . 2     1 2 .2

..................  63 .7    59 .6

..................  63 .2    60 .2

..................  4 .26    4 .40

..................  4 .4 0    4 .52

hydi oxide solution w ith vigorous shaking until the lower layer 
is faintly pink. Add sufficient dry salt until there is a slight 
excess present, and after shaking well and settling, discard the 
lower layer. Shake the ether layer vigorously with 50 cc. of 
water, settle and sepaiate the layers, and extract the water 
layer with two 25-cc. portions of ether.

Add to the water layer containing the neutralized fa tty  acid, 
50 cc., of ethyl ether, 10 grams of solid sodium chloride, and 5 drops 
of methyl orange solution, and titra te  w ith 0.5 N  sulfuric acid 
with vigorous shaking until the lower layer is faintly pink. Add 
a slight excess of dry salt, allow the layers to  separate completely 
after shaking, discard the water layer, evaporate the ether in the 
upper layer, and determine the combined sulfuric anhydride and 
fa tty  m atter in the residue in the usual manner. In  determin
ing the combined sulfuric anhydride in this fraction as well as in 
the following, boil w ith the acid for several hours and agitate fre
quently, to make sure of complete decomposition. Correct for 
the presence of sulfo oil by deducting the product of the com
bined sulfuric anhydride contained in this fraction and the 
correction factor determined in fraction A.

F r a c t io n  C, N e u t r a l  F a t . Add 25 cc. of saturated salt solu
tion and 5 drops of phenolphthalein solution to the ether layer 
from fraction B, containing the neutral fat, and neutralize the 
free fa tty  acids, if any, with 0.5 N  sodium hydroxide solution 
with vigorous shaking until the lower layer is faintly pink. Now 
add 5 drops of methyl orange indicator and titra te  with 0.5 iV 
sulfuric acid, shaking vigorously until the lower layer is again 
faintly pink. Add a slight excess of salt, discard the lower layer 
after settling, evaporate the ether from the upper layer, and 
determine the combined sulfuric anhydride and fa tty  m atter in 
the residue as outlined above. Correct for the presence of sulfo 
oil as for fraction B. For greater accuracy, the free and com
bined fa tty  acids as soap contained in this fraction, which is 
usually very small, m ay be calculated from the acid titration, 
and the result deducted from this fraction and added to fraction B.

E xp erim en ta l
Samples of sulfonated olive and sulfonated castor oils of 

approximately the same concentration in fatty matter were

fractionated by this method and the results, based on the 
weight of the original samples, are given in Table I. Under 
“totals” at the end of the table, the fatty matter and combined 
sulfuric anhydride are compared with the results obtained by a 
direct analysis of the original samples, which results are con
sidered to be the correct or theoretical values. In the sample 
of sulfonated olive oil the fatty matter is practically equally 
divided among the three fractions; in the case of the sul
fonated castor oil, however, the neutral fat is only about half 
as much (with a corresponding larger amount of free fatty 
acids in fraction B), and the amount of sulfo oil is about 
the same as in the other sample.

P u r i t y  o f  S u l f o  O i l  i n  F r a c t i o n  A .  To determine 
whether or not the sulfo oil fraction was substantially free 
from unsulfonated fat and fatty acids, the water layer con
taining the sulfo oil after the regular extraction with ether 
was further extracted with three 100-cc. portions of the solvent, 
with the results shown in Table II. Because of the small 
quantities involved, the results for the combined sulfuric 
anhydride are necessarily approximate. I t  will be noticed 
that the total amount extracted is comparatively small and 
that successive extractions continued to extract some fatty 
matter, though in decreasing quantities. The ratio of fatty 
matter to combined sulfuric anhydride indicates that the 
total residue had approximately the same composition as the 
sulfo-oil fraction in Table I. I t  is therefore reasonable to as
sume that the latter fraction is substantially free from un
sulfonated ingredients.

P u r i t y  o f  F r e e  F a t t y  A c i d s  i n  F r a c t i o n  B. To deter
mine whether or not the free fatty acids in fraction B in the 
case of the sulfonated olive oil contained any neutral fat, 
the following tests and calculations were made: The saponi
fication value of the desulfated fatty m atter of this fraction 
was determined and found to be 190.8. The alkali equivalent 
of the free fatty acids in this fraction, determined as given in 
the method, was found to be 34.5 mg. of potassium hydroxide 
per gram based on the original sample, corresponding to 18.1 
per cent of free fatty acids (34.5/190.8), compared with 
21.1 per cent actually found. A  similar result was obtained 
for the sample of sulfonated castor oil. While the discrepancy 
between the calculated fatty acids and the fatty m atter found 
may indicate the presence of some neutral oil, the difference 
is small and of slight practical importance, and it is believed 
that a more careful analysis would bring the results into closer

T a b l e  II. S u c c e s s iv e  E x t r a c t io n s  o f F r a c t io n A WITE
E t h y l  E t h e r

E xtraction  Volume of F a tty Com bined'
Sample No. E ther M atte r SO,

C. % %
Sulfonated olive oil 1 100 2 .2 0 .50

2 100 1.1 0 .18
3 100 0 .7 0 .18

T o tal 300 4 .0 0 .86
(F a tty  m atte r/com bined  SO*)“ 4 .65

Sulfonated castor oil 1 100 1 .5 0 .32
2 100 1 .2 0 .23
3 100 1 .2 0 .16

T o tal 300 3 .9 0 .71
(F a tty  m atte r/com bined  SOi)° 5 .49

a Approxim ate.

agreement. Furthermore, some experiments carried out with 
the neutral fat fraction, discussed below, indicate that all 
the neutral fat and unsaponifiable m atter had probably been 
quantitatively extracted; hence, the discrepancy probably 
indicates some polymerization.

P u r i t y  o f  N e u t r a l  F a t  i n  F r a c t i o n  C. The free fatty 
acids and combined sulfuric anhydride in this fraction were 
found to be from a trace to 1.5 mg. of potassium hydroxide 
for the former and from a trace to 0.25 per cent for the latter,
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based on the original samples. These results indicate that the 
neutral fat fraction is comparative!}- free from either of these 
ingredients. To determine whether or not all of the neutral 
fat in the original sample is contained in this fraction, 100 
parts of the sulfonated olive oil were mixed with 50 parts of 
neutral raw olive oil and the mixture was analyzed for neutral 
fat. The quantity found was 48.4 per cent, compared with 
the theoretical value of 47.5. In calculating the theoretical 
value it was assumed that the neutral fat in the original sample 
was equal to a 21.2 per cent in accordance with Table I. As 
a further check, the same oil was mixed with half its weight of 
mineral oil and the combined neutral fat and unsaponifiable 
were determined. The latter was then saponified and the 
mineral oil determined in the usual way. The amount re
covered was 32.8 per cent, compared with the theoretical 
value of 33.3 per cent. The latter does not include the small 
amount of unsaponifiable m atter naturally occurring in the oil.

C o m p o sitio n  o f  S u lfo n a ted  O ils

A study of the data obtained in the fractional analysis of 
sulfonated olive and castor oils, discussed above, has led to 
some very interesting speculations as to the probable com
position of each of the fractions separated and also as to the 
reactions that may take place during the sulfonation process. 
I t  has heretofore been assumed by many investigators that 
the reactions are very complicated, resulting in the formation 
of many involved polymers, but this investigation does not 
bear out these assumptions. The data obtained in this study 
and the conclusions arrived at follow.

S u l f o n a t e d  O l i v e  O i l . Fraction A , Sulfo Oil. The com
plete data obtained for the uncorrected sulfo oil in fraction A, 
Table I, are given in Table III. According to Jamieson (5), 
olive oil consists of 80 to 85 per cent of oleic acid, 4 to 7 per 
cent of linoleic acid, and the rest saturated fatty acids. For 
the purpose of this discussion it is assumed that the fatty 
acids in sulfonated olive oil consist entirely of the oleic acid 
type and also that the saponification value found for the 
desulfated fat, which has undoubtedly suffered some hy
drolysis and condensation during the heating with mineral 
acid, is the same as for the fatty m atter in the sulfo oil before 
decomposition. According to Table III, the composition of 
the sulfo oil corresponds approximately to 40 per cent free 
fatty acids; sulfonated oil, 80 per cent of maximum sulfona
tion; and 20 per cent unsaturated oil. In other words, out 
of every 5 fatty acid residues, 2 consist of free fatty acids, 
4 are completely sulfonated, and 1 contains a double bond. 
There seems to be only one feasible composition that meets 
with all these conditions—namely,

2RCOOH

^O ^H  
Sulfo F a tty  Acid

SO.H 

RCOOCIIj 

R 'C H  =  CHR'COOCH 

RCOodiHs

^ 0 ,H 
Disulfo Triglyceride

That is, the sulfo oil apparently consists of only two sul
fonated compounds—namely, sulfo fatty acids and disulfo 
triglycerides and precisely in the proportion of 2  molecules of 
the former to 1 of the latter. The triglyceride may be either 
symmetrically or unsymmetrically sulfonated.

Fraction B, Free Fatty Acids. I t  has already been shown 
that this fraction consists almost entirely of simple free fatty 
acids. The desulfated fat had a cloud test of 30° C. and a 
solidification point 1 ° lower. I t  had an iodine value of 40.8, 
indicating that more than half of the unsaturated bonds in 
the original had been converted to hydroxyl groups, which 
would also serve to explain the comparatively low saponifica
tion value obtained for this fraction—namely, 190.8 instead 
of about 200 for olive oil fatty acids. Evidently considerable 
sulfonation had a t first taken place but the product decom
posed before it was finished.

T a b l e  III . A n a l y s i s  o f  S u l f o  O i l  i n  F r a c t i o n  A  o f  S a m p le  
o f  S u l f o n a t e d  O l i v e  O i l

Based on 
Original 
Sample

F a tty  m atte r, %  16.7
Saponification valuea,&
A cidity, mg. of K OH per gram  13.7

Combined SOa, % 3 .26

Iodine No. . . .
Cloud test, 0 C.
Solidification point, ° C.

° Sulfonation equivalent as SOa ■° 26.3% . 
& Iodine equivalent ■= 86.0

Based on D esulfated F a tty  
M atte r

100
190.0
8 2 .0  o  40%  free fa tty

20.1 o  80%  =* of maxim um
sulfonation

19.2 o  20%  unsatu rated  
38
33

Fraction C, Neutral Fat. The fatty matter of this fraction 
had the lowest solidification point—namely, 2 1 ° C.—a 
saponification value of 180.8, and an iodine number of 52.5. 
The low iodine number indicates that sulfonation followed by 
decomposition has taken place almost to the same extent 
as in the case of the free fatty acids in fraction B. However, 
the saponification value is 10 points lower than for fraction 
B—namely, 180.8 compared with 190.8; hence, the average 
molecular weight of the fatty m atter in this fraction must be 
greater than for the fatty acids fraction. This indicates that 
at least part of the neutral fat must be in the form of glycer
ides, since the polymers would have a lowrer average molecular 
weight. Moreover, the extent of the difference in the saponi
fication values indicates, assuming that the nature of the fatty 
acids is alike in both fractions, that the neutral fat is prac
tically all in the form of glycerides and that practically no 
polymers can be present. The neutral fat, as shown below, 
consists probably of di- and triglycerides.

S u l f o n a t e d  C a s t o r  O i l . The sulfo oil in fraction A  of 
the castor oil sample had an iodine number of 77.8, indicate 
ing very little sulfonation on the double bond. The degree 
of sulfonation was about equal to that of the olive oil— 
namely, about 80 per cent—and the acidity corresponded to 
about 50 per cent of free fatty acids instead of 40 per cent. 
I t  is therefore assumed that the composition of this fraction 
is similar to that of the corresponding fraction of the olive 
oil sample, with the exception that the number of double 
bonds in the former is practically the same as for the raw 
castor oil.

The free fatty acids in fraction B had an iodine number of 
78.9 and an acidity of 176 mg. of potassium hydroxide per 
gram of desulfated fat. These data indicate that the free 
fatty acid is nearly all pure ricinoleic acid, with the possibility 
of a small percentage of polymerized fatty acids. The neutral 
fat fraction has an iodine number of 81.8 and its composition, 
as in the case of the olive oil sample, is probably a mixture 
of di- and triglycerides of ricinoleic acid.

R ea ctio n s d u rin g  S u lfo n a tio n

After a careful consideration of the data obtained in this 
investigation, it is suggested that the following reactions 
occur when neutral olive oil is treated with concentrated 
sulfuric acid in the usual commercial practice. Similar reac
tions probably hold true also for castor oil, except that a
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larger amount of free fatty acids is formed because of the 
greater ease with which the triglyceride of ricinoleic acid is 
hydrolyzed.

RCOOCII,1

SO JI

li'CO O CH ;1
IlCOOCH +  H-SO , — >- RCOOCH

RCOOCHt R 'COOCH2

Triglyceride
XSO,H 

Disulfo Triglyceride

RCOOCIIj RCOOCII:

RCOOCII +  H ,0I — >- CH(OH) +  RCOOH 

R C 0 0 b H 2RCOOCIL
Triglyceride Diglvceride F a tty  Acids

RCOOH +  IljSOt — >  R'COOH

F a tty  Acid
S 0 4H 

Sulfo F a tty  Acid

R'COOH +  H20  -—>  R'COOH

^ O jH V
Sulfo F a tty  Acid Hydroxy F a tty  Acid

Four reactions seem to take place—namely, the triglycer
ide is sulfonated, yielding a disulfo triglyceride, probably 
symmetrically arranged; one-third of another molecule of 
triglyceride is hydrolyzed, yielding a diglyceride and free 
fatty acids; the free fatty acid is sulfonated, giving sulfo 
fatty  acid; and finally part of the sulfonated glyceride and 
fatty acid is decomposed to yield the corresponding hydroxy 
compounds. These reactions, with the exception of the 
partial and total hydrolysis of the glyceride and the decom

position of the sulfo oils, may be represented by the following 
equation:

SOjH

RCOOCHj 2R'COOH it'COOCH, RCOOCII.

3RCOOCII +  4H2SO, = \ o ,H  +  IlCOOCH +  2CH(OH)

R c o o ill*  R'COOCH; R c o o i l l ;
Sulfo Fatty \

Triglyceride Acid SOJI Diglyceride
Disulfo
Triglyceride

The unsulfated di- and triglycerides would be found in the 
neutral fat fraction and the sulfo fatty acid and the disulfo 
triglyceride would be found in the sulfo-oil fraction. The 
composition of the sulfo oil according to this equation corre
sponds to the analytical data obtained for this fraction. 
Hydrolysis of the disulfo triglyceride and the sulfo fatty 
acid would account for the low iodine numbers obtained for 
the neutral fat and the free fatty acids, respectively.

A ckno w led g m  c u t
The writer is indebted to Morris Mytelka of this laboratory 

for assistance with the analytical work.
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R e c e i v e d  Decem ber 11, 1936.

Average Diameter o f Particles Just Passing  
the 325-Mesh Sieve

STEXVAUT S. F R IT T S , E d ison  C e m e n t C o rp o ra tio n , New V illage, N . J .

IN THE determination of the specific surface in terms 
of square centimeters per gram as given by the Wagner 

turbidimeter {2), it is generally assumed that the 325-mesh 
sieve separates the fraction at 60 microns, although actually 
it has an aperture of 44 microns. This difference assumes 
major proportions when calculating the surface area of any 
finely divided substance such as Portland cement. The 
errors involved amount to as much as 2 0 0  sq. cm. per gram 
in the finer high-early-strength cements, while for the ordinary 
grades (1400 to 1900 surface area) the errors may be from 
50 to 150 sq. cm. per gram.

About a year ago Traxler and Baum (1) made a very com
prehensive study of the Wagner turbidimeter and set forth 
several conclusions and limitations as to its use for the deter
mination of the size distribution of particles in finely divided 
powders. One of their conclusions was that the 325-mesh 
sieve separated at nearly 45 microns (1).

The largest particle passing a No. 3 2 5  sieve is usually assumed 
to have an average diam eter of about 60/j because a  square 
opening measuring 43/x on a side has a diagonal of about 60^. 
If only two dimensions (length and breadth) of particles just 
passing this sieve are measured by means of the microscope, 
the average diam eter usually appears to be 60 n. However, 
by measuring the three axes of a large number of particles just 
passing a  No. 3 2 5  sieve it was found th a t the average diam eter is 
nearer 4 5 m-

In an effort to clarify some of this work the writer has 
applied Stokes’ law in so far as it pertains to the use of the 
Wagner turbidimeter.

The m aterial under consideration was th a t issued by the U. S. 
Bureau of Standards, No. 46r, for the calibration of the No. 200- 
mesh sieve. I t  was carefully washed through the 325-mesh sieve 
having a correction factor of —0.5 to the residue. The retained 
m aterial was dried in the oven, and 0.3 gram  of the residue was 
prepared for suspension in accordance with the standard  method 
of procedure as applied to the Wagner turbidimeter. The micro-
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T a b l e  I. P a r t ic l e  S iz e  D e t e r m i n a t io n

Micron
(Fo =  

T est No. 1
23.00)

T est No. 2 T est No. 3
60 21.90 22.05 22.40
55 22.40 22.50 22.70
50 22.70 22.90 22.90
45 22.90 23.00 23.00
40 22.90 23.00 23.00
35 22.90 23 .00 23.00
30 22.90 23.00 23.00
25 22.90 23.00 23.00
20 22.90 23.00 23.00
15 22.90 23.00 23 .00
10 22.90 23.00 23.00
7 .5 22.90 23.00 23.00

ammeter was adjusted to  give a reading of 23.00 through the 
tank plus the clear kerosene, w ith the light filter remaining in 
place throughout the period of the test. The suspension was 
then agitated, and placed in the p a th  of the light, and readings 
were taken as the kerosene in the tim ing buret passed the marks
corresponding to the particle sizes 60, 55, 50, 45, 40 ...............  7.5
microns, and recorded in Table I.

Test 1 consisted of the standard  procedure for preparing the 
suspension, where the sample is placed in a test tube w ith about 
15 cc. of kerosene, stirred for 1 minute, transferred to the tank, 
and diluted to 335 cc., oleic acid being added to the original mix
ture to act as a  dispersing agent.

T est No. 2 consisted of modifying the procedure by adding 
the sample to about 100 cc. of kerosene in the tank  together 
with the oleic acid (8 drops) and stirring the mixture for 1 minute 
as before. The difference was in the elimination of the close 
contact between the brush and the walls of the te s t tube, thereby 
removing all possibilities of a  grinding action of the brush on the 
material under consideration.

Test 3 consisted of merely agitating  the mixture of the sample, 
plus oleic acid, plus 335 cc. of kerosene by rotating the tank 
through 180° for approximately 1 minute.

I t  may be seen that for all tests the particles have either 
dropped out of suspension or approached a constant value a t 
45 microns, indicating that the 325-mesh sieve separates a t 
45 microns and not 60 microns as originally supposed. As for 
test 1 , it maybe concluded that the brush has some effect in 
grinding, although the data may indicate more complete 
dispersion where the material is in more intimate contact 
with the agitating medium, which in this case is the brush. 
This appears to be beyond the purpose of the present paper.

Another point is the introduction of correction factors to 
the various sieves and in particular the 325-mesh sieve. The 
standard specifications (A. S. T. M. Designation E ll-26) 
permit a tolerance of 90 per cent in the maximum opening of 
the No. 325 sieve or a maximum aperture of 84 microns on the 
side. Consequently, since manufacturing conditions will not 
permit the fabrication of a perfect sieve having apertures of 
43 (or 44) microns, it is necessary to introduce correction 
factors, either plus or minus, in order to establish some 
standard or reference value. This is a regular procedure as 
practiced by the process industries using sieves as a basis 
of fineness control. The designation of the aperture alone 
should establish the nominal size of the particles.

The data, as presented from a new viewpoint, give addi
tional experimental proof that the 325-mesh sieve separates 
at an average particle diameter of 45 microns.
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R e c e i v e d  Novem ber 27, 1930.

A New Reagent for the Detection o f Cerium
J .  F . M IL L E R , S choo l o f  C h em is try  a n d  Physics, T h e  P en n sy lv an ia  S ta te  C ollege, S ta te  C ollege, P a .

INVESTIGATION of various substituted phenylarsonic 
acids as possible reagents for the determination of cerium 

revealed a specific colorimetric reaction between eerie cerium 
and arsanilic acid. A deeply colored solution formed im
mediately upon the addition of the reagent to a sulfuric acid 
solution of eerie ammonium sulfate.

S o lu tio n s
Arsanilic acid: a 5 per cent solution of the sodium salt of 

arsanilic acid prepared from E astm an arsanilic acid.
Stock eerie solution: 4.5148 grams of G. F. Smith & Co. 

eerie ammonium sulfate, dissolved in 1 liter of solution, 0.5 M  
in sulfuric acid.

Standard eerie solution: 10 cc. of the stock solution, diluted to 
1 liter w ith 0.5 M  sulfuric acid, giving a solution containing 10 
parts per million of cerium.

E xp erim en ta l
Solutions were made up from the standard cerio solution 

containing 2, 3, 4, and 5 parts per million of cerium. Upon 
the addition of arsanilic acid solution to 50 cc. of these solu
tions, a pink color, easily distinguishable from blanks con
taining equivalent amounts of cerium but no reagent, was 
obtained. The intensity of the color produced varied directly 
with the concentration of cerium present, but was not af
fected by the concentration of the reagent nor the acidity up 
to2W  sulfuric acid. Acidities above this were not investi
gated. In more concentrated solutions of cerium the color 
produced is red-brown.

Ceric cerium can be detected by this reagent in the presence

of cerous cerium and the other rare earths. In this investiga
tion it was easily detected in the presence of the following ions: 
thorium, praseodymium, neodymium, lanthanum, samarium, 
erbium, terbium, scandium, yttrium, sodium, potassium, am
monium, cupric, beryllium, magnesium, calcium, zinc, stron
tium, aluminum, titanic, germanium, stannic, vanadate, 
arsenate, bismuth, molybdate, tungstate, uranyl, manganous, 
ferric, nickel, nitrate, phosphate, chloride, and acetate.

Fluorides, even in small concentrations, interfere. Zir
conium precipitates with the reagent; on filtering, the filtrate 
is clear, and the precipitate from solutions containing 30 
parts per million of cerium has a red color. Zirconium alone 
gives a white precipitate. Cobalt and chromium, because 
of the color of the ions, interfere. Cerium can be detected in 
solutions in which the concentration is about 10 parts per 
million and that of the other ions is about 100  times as much, 
except in the cases of cupric, ferric, tungstate, and uranyl, 
where the cerium concentration must be 20  parts per million 
and that of the other ions only 50 times as much. For vana
date the concentration of cerium must be 50 parts per million 
and that of vanadate only 20 times as much. The color ob
tained is usually pink or red-brown. Care must be taken to 
avoid excess reagent when thorium is present, as this pre
cipitates slightly.

The tests were made by placing 0.5 cc. of stock ceric solu
tion in a 50-cc. Nessler tube, adding enough of the other ion 
to give a concentration of 1000  parts per million, and then 
diluting with 0.5 M  sulfuric acid to within 5 cc. of the mark. 
Arsanilic acid solution wras then added to the mark and the
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solution shaken or stirred. The formation of a pink or red- 
brown color when compared with a blank indicated a positive 
test for eerie cerium.

In applying this test to the determination of the presence 
of cerium in a mineral, the usual methods of decomposition 
of the mineral are satisfactory, except that the resulting solu
tion must be free of fluorides. Columbium and tantalum 
are only slightly soluble in most acid solutions not containing 
fluorides, and it is assumed that they will be removed with 
silica. After decomposition and solution, the cerium must be 
oxidized to the eerie state by use of sodium persulfate, so
dium bismuthate, or any of the other oxidizing agents used 
for cerium. The solution may then be tested by addition of 
5 cc. of arsanilic acid solution to 50 ce. of the solution. The 
production of a pink or red-brown color indicates cerium.

An investigation was made of the quantitative possibilities 
of arsanilic acid as a reagent for cerium, but it was found un
satisfactory for exact work. This is due to a slow fading of 
the color produced by the reagent in dilute solutions of 
cerium, or to the formation of a red-brown precipitate in the 
case of more concentrated solutions. These interferences

are noticeable even in the short time of 2 minutes. Pre
cipitation in the case of concentrated solutions is not com
plete.

Arsanilic acid was investigated as a possible indicator for 
eerie sulfate titrations, but was found to be unsatisfactory 
as an inside indicator. When used as an outside indicator, 
the results obtained in the titration of ferrous iron checked 
with those obtained using o-phenanthroline ferrous complex 
as indicator.

S u m m a ry

The red-brown color produced by arsanilic acid with eerie 
solutions is very sensitive and can be used in the qualitative 
detection of cerium in the presence of the elements with which 
it is commonly found. Fluoride, zirconium, cobalt, and 
chromium interfere.

The reaction is unsatisfactory for exact quantitative work.
Arsanilic acid can be used as an outside indicator for eerie 

sulfate titrations, but not as an inside indicator.

R e c e i v e d  Novem ber 21, 1936.

Exam ination o f Rubber Latex and Rubber 
Latex Compounds
I. Physical T esting M ethods

H . F . JO R D A N , P . D. R RA SS, AND C. P . R O E 
D evelopm en t D e p a r tm e n t, U n ite d  S ta te s  R u b b e r  P ro d u c ts , In c .,  P assa ic , N . J .

P h y sica l te s t in g  m eth o d s for th e  con tro l 
o f  processin g  o f  rubber la tex  are review ed  
cr itica lly , and  m eth o d s for m ea su r in g  a ccu 
ra te ly  th e  p H , v isco sity , and  su rface  ten sio n  
o f  preserved an d  co m p o u n d ed  la t ic e s  are 
reco m m en d ed . A n im p ro v em en t in  th e  
h ig h -sp eed  stirr in g  te s t  for th e  “ m e c h a n i
cal s ta b ility ”  o f  la tex  is described .

PRECISE control is essential to the successful operation 
of any commercial process, particularly of those 

processes involving the use of rubber latex. Latex is, of 
course, a complex natural product; it contains a variety of 
nonnibber constituents, such as proteins, soaps, and others 
which control or influence its colloidal properties. In order 
to ensure uniform behavior of latex in process, it is obviously 
desirable to test its uniformity as a raw product. I t  is 
furthermore important that such tests should be, wherever 
possible, fundamentally sound and free from the personal 
equation. Unless the results can be expressed in basic funda
mental units, which are independent of the apparatus used 
and of the operator, confusion will result.

I t  is the purpose of this paper to review critically the more 
important general physical tests and methods of analysis 
which can be applied to latex, particularly from the stand
point of accuracy and sources of error, and to recommend 
certain procedures on the basis of commercial experience in 
the authors’ control laboratories. Some of the recommended

methods have been developed in these laboratories, while 
others have been improved over procedures given in earlier 
works on latex (3, 6, 9). Part I  is concerned with physical 
tests such as pH, surface tension, viscosity, and mechani
cal stability, while Part II  is concerned with analytical 
methods.

S a m p lin g
I t may appear superfluous to discuss methods of sampling 

latex, which are based on the same principles as sampling for 
any type of analysis. However, in view of the tendency of 
any type of latex to cream to a greater or less extent, it can
not be stressed too strongly that care should be taken to ob
tain a sample which is representative of the entire lot of 
material.

In the case of latex in drums, particularly concentrated 
latex, it is advisable to stir with a high-speed stirrer of the 
propeller type for a period of 10 to 15 minutes before tak
ing the sample. In the case of tank-car lots, the latex 
should be agitated with an air line which should be moved 
from one end of the car to the other, and agitation should be 
continued for at least one-half hour.

M ea su rem en t o f  pH
The pH of latex is probably one of its most important 

properties, inasmuch as it is related in a fundamental way to 
the stability of the latex as a colloid. However, only one of 
the methods which are generally employed for the measurement 
of pH is adapted to the accurate measurement of the pH of 
latex.
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Indicators are unsatisfactory even for approximate measure
ments on account of protein errors and difficulties in matching 
colors. In view of the fact that the glass-electrode apparatus 
is commercially available, the use of indicators is to be avoided 
entirely.

The hydrogen electrode is also unsuited for use in latex, on 
account of the ease with which it is poisoned by certain sulfur- 
containing proteins and traces of hydrogen sulfide. Other 
difficulties are also encountered, such as frothing of the latex 
and a tendency for rubber to deposit on the electrode.

The quinhydrone electrode can, of course, be used only in 
solutions having pH values lower than 8 , or below the pH 
region of most common practical interest in latex processing. 
For this reason its use in latex has not been extensively in
vestigated in these laboratories. This electrode has, however, 
been used extensively by van Harpen (5) for measurements 
of the pH of natural latex.

T a b l e  I .  C o m p a r a t iv e  p H  V a l u e s

pH  D eter pH  D eter
mined by mined by

Total Glass A ntim ony Differ
Samples Solids, Electrode Electrode ence

% A B (B — A)
Normal latex

A° 30 8.64 8.71 + 0 .0 8
Ba 30 9.46 9.88 + 0 .4 2
C° 30 9.86 10.27 + 0 .4 1
D a 30 10.60 11.02 + 0 .4 2
E a 30 11.96 12.14 + 0 .1 8
F 30 9 .57 10.11 + 0 .5 4
F 35 9 .56 9 .87 + 0 .3 1
G 37 .9 9 .89 10.26 + 0 .3 7
H 36.9 10.31 10.70 + 0 .3 9
I 39 .3 9 .62 10.03 +  0 .41

C oncentrated latex
A 30 9 .46 9 .58 + 0 .1 2
B 30 9 .14 9 .32 + 0 .1 8
C 30 9 .32 9 .56 + 0 .2 4

3-X cream ed latex
A 30 11.16 11.26 + 0 .1 0
B 30 10.60 10.51 - 0 .0 9
° Modified.

Before the glass electrode was manufactured commercially 
by Leeds & Northrup and other companies, considerable 
careful work was done on the calibration and use of the 
antimony electrode. While the potentials were sufficiently 
reproducible in buffer solutions to indicate that an accuracy 
of 0.1 to 0.3 pH could be obtained (depending upon the pH of 
the solution), the accuracy was found to be less in the case 
of latex. This is indicated in Table I by a comparison of 
pH values obtained for latices of various types by means of 
the antimony electrode and glass electrode, respectively, 
both of which were carefully calibrated with standardized 
buffer solutions. All the samples listed were diluted to 30 
per cent total solids before measurement, except where indi
cated.

Inspection of Table I indicates that the difference in pH 
values between the two electrodes becomes less as the latex 
is purified to a greater degree—for example, the greatest 
difference is in normal latex, and the least difference is in 
the case of three-times-creamed latex. I t  is well known that 
hydroxy acids such as citric and tartaric acids, as well as cer
tain sugarlike substances, affect the potential of the antimony 
electrode. I t  appears probable that some serum constituent 
of one of these types is responsible for the difference in results.

These data show that the pH values obtained with the 
antimony electrode are from 0.1 to 0.5 unit higher than those 
obtained with the glass electrode. While these differences 
are reasonably constant for the normal latices tested, this does 
not necessarily indicate that measurements with the antimony 
electrode can be accurately corrected to obtain the true pH. 
I t seems entirely possible that samples of latex obtained from 
different plantations might require corrections of different 
magnitudes because of differences in the kinds and concentra
tions of serum constituents. Of course, thfe antimony elec

trode cannot be used in latex compounded with sulfur, sulfur- 
containing accelerators, and certain other chemicals. The 
use of the antimony electrode is not recommended for latex 
work.

The glass electrode when properly used is believed to be 
the most reliable and accurate means for measuring the pH of 
latex. Very constant and reproducible potentials are ob
tained, and there is no evidence that the glass electrode is 
poisoned or affected by any of the latex constituents or com
mon compounding ingredients, with the exception of sodium 
hydroxide and sodium salts. However, the glass electrode 
is an empirical electrode and the values obtained by it in 
latex cannot be checked by a basic standard electrode such 
as the hydrogen electrode.

Full descriptions of the construction of the electrode and 
the potentiometric setups are given in manufacturers’ pam
phlets and in the literature (7).

Briefly, the complete cell is as follows:

Standard half 0.120 N  HC1 glass solution il standard
cell (calomel or (pH = 1.0) or latex I! half-cell
quinhydrone) pH = X |

That portion of the entire potential which measures the pH 
is, of course, the one arising at the glass-solution interface.

There are certain experimental precautions which have 
been found advisable on the basis of considerable experience 
in control work. While the commercially available glass 
shells are made with remarkable reproducibility, the calibra
tion charts furnished with the glass electrode or printed on the 
dials of potentiometers of various types are not sufficiently 
accurate for all electrodes, particularly after the electrodes 
have been used in alkaline solutions for a considerable length 
of time. I t  is advisable to calibrate the electrodes daily in 
buffer solutions which have been standardized with the 
hydrogen electrode. The following buffer solutions have been 
found to be particularly practical for this purpose and if 
properly stored in stoppered Pyrex containers, they will 
remain at a constant pH for a period of 2 or 3 months.

Solution I:
1.0 Ar KOH 50 cc.
2 .0  Ar acetic acid 50 cc.
Distilled water to  make 500 cc.

(pH  about 4.5)

Solution I I :
A nhydrous K H C O 3 10 gram s
1.0  N  KOH 50 cc.
D istilled water to make 500 cc.

(pH  abou t 10.0)

From the calibration data is obtained a calibration chart 
(pH versus e. m. f.) by drawing a straight line through the 
two experimental points. More careful calibrations have 
indicated that this procedure is justified.

On account of the high resistance of the glass electrode, it 
is necessary to,use a very sensitive galvanometer. The Leeds 
& Northrup type 2500B is generally satisfactory for use with 
their glass-electrode shells, although difficulties are encoun
tered if the galvanometer cannot be insulated from vibration. 
A vacuum-tube galvanometer which is marketed by the 
Hellige Company has been used successfully in control work. 
The Beckmann acidimeter, which is a portable vacuum-tube 
potentiometer, has been used successfully in one of the di
visions of the company.

On account of the high resistance of the glass electrode, 
leakage of current around the electrode is occasionally en
countered during humid weather unless proper precautions 
are taken. Such leakages are characterized by difficulty in 
balancing the circuit and by erratic behavior of the galva
nometer. These difficulties can be eliminated by shielding
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P i q u r e  1. pH A p p a r a t u s  a n d  T h e r m o s t a t

the glass-electrode apparatus, and by making the leads to the 
galvanometer as short as possible. A suitable setup of this 
kind is illustrated in Figure 1. The glass electrode and calomel 
half-cell are enclosed in a metal box with a screen door, and 
water from a thermostat is pumped through the bottom of the 
container.

I t  cannot be too strongly emphasized that the potential of 
the glass electrode is affected by certain metallic ions above 
pH 9 to 10, one of the most important of which is sodium ion. 
This is illustrated by the graph taken from Dole (1) which 
shows the variation in salt error of the glass electrode with 
pH in solutions containing different metallic ion's. In alkaline 
solutions above pH 10, the potential of the glass electrode is 
depressed by sodium ion and to a lesser extent by potassium 
ion. This means that pH measurements of alkaline latices 
containing sodium hydroxide or sodium soaps would be con
siderably in error.

S u rface T en sio n

The surface tension of latex is often assumed to be an 
indication of the foaming and related properties of latex. 
This relationship has not been too clearly established, but 
inasmuch as considerable importance is often attached to 
surface tension values, a standard and accurate procedure 
should be used for measuring them. Of the methods available, 
the capillary-rise and bubble-pressure methods are unsuitable. 
Accurate results can be obtained by the drop-weight method, 
but the technic is somewhat more cumbersome than is desirable 
for control.

The ring method is simple in manipulation and gives 
accurate values if the results are calculated properly. How
ever, very inaccurate results are often obtained because no 
attention is paid to the important corrections required for 
the experimental data. Inasmuch as the theory and ex
perimental technic have been treated by Freud and Freud 
(2), and by Harkins and Jordan (4), only the more com
mon sources of experimental error will be discussed in this 
paper.

In outline, the ring method consists in determining the 
maximum pull of the liquid on a circular wire ring when the 
ring is withdrawn, and from this pull the surface tension can 
be calculated. A number of types of apparatus have been

developed, all of wliich consist in principle of a torsion, spring, 
or chainomatic balance. Directions for operation are given 
in manufacturers’ pamphlets, but the following experimental 
points should be stressed:

Great care should be taken to maintain scrupulous cleanli
ness. Glassware should be cleaned with chromic acid solu
tion, and the ring, after cleaning in chromic acid, should be 
heated to red heat in the oxidizing portion of a Bunsen flame. 
In this connection care should be exercised to make sure that 
any salts or latex have been removed from the ring before 
flaming, or serious damage will result. The wire of the 
ring should all lie in one plane and the ring should hang in 
such a way that its plane is parallel to the surface of the 
liquid.

One of the most common sources of experimental error is 
that the liquid is often contained in too small a dish, or in a 
watch glass, with its surface open to evaporation in the air. 
Accurate measurements can be obtained under such condi
tions only by accident. I t  is preferable that the liquid be 
contained in a fairly large dish which is enclosed in a deep 
vessel, as illustrated in Figure 3. The outer vessel is covered 
with a plate with a hole in its center of sufficient size to permit 
connection of the ring to the balance arm with a fine platinum 
wire. This is particularly important in the case of latex be
cause of the tendency of this material to “skin over” on its 
surface. Such skinning over, although invisible to the eye, 
may increase the values obtained by several dynes. In order 
to ensure a fresh surface, it  is advisable to overflow the inner 
dish before making measurements.

pH
F i g u r e  2 . E r r o r s  o f  G l a s s  E l e c t r o d e  i n  1 N  S o l u 

t io n s  (a f t e r  D o l e )
A  Li +, O N a +, □  K  +, d” B a + ♦

Another common source of error lies in the assumption that 
either the scale gives values directly in dynes per cm. or, in 
the case of certain apparatus, tha t the reading in grams is 
correct. I t  is important tha t the balance be directly calibrated 
in grams, and tha t the surface tension be calculated from the 
total pull on the ring by the method given below.

Many surface tension results obtained by the ring method 
which have appeared in the literature are of no value because 
it has been incorrectly assumed tha t the surface tension is 
related to the pull on the ring by the equation

=  l i L
Y 4 *R
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. , , . .. shearing stress per unit area?! <= coefficient of viscosity =  ---------------------    =-;—  (1)
rate of shear produced

where P  is the total pull in grams on the ring, g is the accelera
tion of gravity, and R  is the radius of the ring. In order to 
obtain correct surface tension values, the right-hand member 
of the above equation must be multiplied by a correction 
factor to give the equation

y  =  H i .  p  
7 4 r  R

R 3  f t
where the correction factor. F, is a function of — and —.

V r
V  is the volume of liquid raised by the ring above the free 
surface and is equal to the total pull in grams divided by the
J  -a  • i l  r  i l  R  ■ i i  a -  r  i idensity. — is therefore equal to — is the ratio of theV P r
radius of the ring to the radius of the wire from which it is
made, and its value is generally given by the manufacturer.

T a b l e  II . C o m p a r a t iv e  R e s u l t s

Surface Tenaion
Scale Total R ing m ethod0 D rop-

weightT otal R ead Pull Uncor- Cor
Solids ing (P) rected rected m ethod

% Gram Dynes per cm.
30 38 .7 0.316 38 .7  35 .6 35 .9
40 34.9 0.285 34 .9  31 .9 32 .2
40 39.0 0.318 38 .9  35 .9 35 .7
— 30 .7 0.251 3 0 .8  28 .0 2 8 .2b

N orm al latex, A 
C oncentrated latex, A 
C oncentrated latex, B 
Benzene

•  R  -  0.637 cm., R /r  =  38.8.
& Value taken  from  In terna tiona l C ritical Tablea.

these materials. As illustrations may be cited dipping and 
spreading processes. For practical reasons it is convenient 
to treat the flow properties of latex in a special way, introduc
ing some new terminology. I t  will be found tha t viscosity 
data can be expressed in this terminology in a form which is 
convenient in the making of practical calculations.

T h e o r e t i c a l . A Newtonian or perfectly viscous liquid ia 
characterized by the existence of a linear relationship be
tween an impressed shearing stress and the rate of shear 
produced. The coefficient of viscosity of such a liquid is 
defined as

F i g u r e  3 . S u r f a c e  T e n s i o n  A p p a r a t u s

and is a constant over the range of shearing stresses in which 
the liquid does not exhibit turbulence. The situation is 
pictured by the solid straight line OX  in Figure 4, and the 
coefficient of viscosity is equal to the reciprocal slope of the 
line OX.

Liquids in which the relationship between shearing stress 
and rate of shear is not linear are termed non-Newtonian. 
Latex is such a non-Newtonian liquid, and a typical stress- 
rate of strain diagram is shown by the solid line in Figure 4. 
Now the definition of the coefficient of viscosity remains un
changed in the transition from Newtonian to non-Newtonian 
liquids and is defined by Equation 1. I t  is thus plain tha t the 
value of rj for a non-Newtonian liquid is not a constant over 
the range in which no turbulence occurs. For instance, t]

Tables of correction factors for various values of 7 7  and -V r
are given by Harkins and Jordan (4)• From these tables a

R
correction curve for any particular ring (whose — value is of

course constant) can be constructed. Unless such corrections 
are made, the results may be considerably in error, depending 
upon the dimensions of the ring and the material measured.

This is illustrated by the following comparison of corrected 
and uncorrected ring method results with results obtained by 
the drop-weight method (Table II). The latices were di
luted as indicated in the second column.

In the case of the ring used in these experiments, the uncor- 
rected results obtained by the ring method are approximately 
3 dynes per cm. higher than the correct values.

Considerable difficulty has been found in obtaining 
reproducible results on latex if the total solids content is 
substantially above 40 per cent, because the viscosity is suffi
ciently great to prevent the liquid from attaining its equilib
rium shape in a reasonable length of time. For this reason, 
it is desirable to make surface tension measurements on con
centrated latex a t a standard condition—as, for example, 
40 per cent total solids and 0.5 per cent ammonia.

V iscosity
The flow properties of latex and latex compounds are 

frequently of importance in the handling and processing of

5 I f f 5 S  £ £ £  
L W /T  A £ £ A

F i g u r e  4 . S h e a r in g  S t r e s s - R a t e  o f  S h e a r  D ia g r a m

For a  N ewtonian liquid  (O X) and  for a N on-N ew tonian liquid  like 
latex (OAQ'Q )
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at Q in Figure 4 is the reciprocal slope of OQ, whereas ij a t Q' 
is the reciprocal slope of OQ'. Consequently in the case of a 
non-Newtonian liquid it is impossible to use the coefficient 
of viscosity at one shearing stress to calculate the rate of 
shear a t another shearing stress.

I t  is an  experimental fact 
that the stress-rate of strain 
d ia g ra m  of la te x  becomes a 
straight line for a range of shear
ing stresses above a given value. 
This situation is represented by 
the portion of the solid curve to 
the right of A  in Figure 4. As 
th e  s h e a r in g  stress increases, 
the coefficient of viscosity of 
the non-Newtonian liquid ap
proaches the reciprocal slope of 
th e  s t r a ig h t  portion of the 
curve. These c o n s id e ra tio n s  
suggest the following definition 
in connection with non-New
tonian liquids:

tj1 = limiting coefficient of vis
cosity

=  reciprocal slope of straight 
portion of stress-rate of 
strain curve

In the case of a Newtonian 
liquid the quantity j/ determined 
at a single shearing stress com
pletely specifics the flow prop
erties of the liquid throughout 
the shearing stress interval in 
w hich no turbulence occurs, 
since the straight line constitut- 

F ig u k e  5. C o n t r o l  ing the stress-rate of s t r a in
C a p il l a r y  V is c o m e t e r  curve passes through the origin

of the stress-rate of strain dia- 
.gram. This is not true in the non-Newtonian case, and in 
order to complete the specification of flow properties in the 
straight portion of the curve, it is necessary to know the 
stress intercept of this straight portion, produced. This 
stress intercept is denoted by F„ in Figure 4 and is called the 
yield point.

The quantities r a n d  F0—i. e., limiting coefficient of vis
cosity and yield point—are constants for any given latex, and 
from them may be calculated the flow properties of the latex 
at any point on the straight portion of the stress-rate of 
strjiin curve by means of the equation

g(F -  Fo) =  v’S  (2 )

where F — absolute shearing stress per unit area in grams
per sq. cm.

1 Fo =  yield point
! g =  acceleration of gravity
; S =  absolute rate of shear
l

1’his method has the advantage over the use of true 
viscosity that only two quantities, r/' and F, must be dealt 
with instead of a series of values, t?.

This treatment ignores the nonlinear portion of the stress- 
rate of strain curve in Figure 4, but it should be clearly realized 
tha t the introduction of this treatment was intended solely to 
simplify calculations of flow properties of latex in the linear 
portion of the stress-rate of strain curve. Many practical 
problems fall within this classification. In cases in which the 
nonlinear portion of the stress-rate of strain curve must be 
dealt with, it is probably best to resort to the use of true 
viscosity.

M k t h o d s . In the experience of the authors, two methods 
of measuring viscosity have been used and found satisfactory 
for control work: the capillary-flow method and the rotating- 
cylinder method. Both provide rapid and precise means of 
measuring the flow properties of latex. The former possesses 
the advantage that the apparatus may be made from ma
terials stocked in the laboratory. For the control of raw 
latex the capillary-flow method employing the simple appara
tus shown in Figure 5 fulfills all requirements, but with many 
compounds either a modified capillary-flow apparatus (Figure 
6 ) or a rotating-cylinder viscometer (Figure 7) must be re
sorted to.

The rotating-cylinder apparatus possesses a wider field of 
applicability than the capillary-flow setup, but the details 
of its construction make it rather expensive. The rotating- 
cylinder method can be made to replace the capillary method 
in all departments of latex work with the exception of normal 
latex, which has such a low viscosity as to be out of the most 
useful range of the rotating-cylinder apparatus with di
mensions specified by Mooney and Ewart (8). Data on 
viscosity and limiting viscosity as obtained by these two 
methods are found to be in good agreement if the points 
obtained on the stress-rate of strain diagram are on the 
straight portion of the curve. Yield point results show vari
ations, particularly in compounds of high viscosity. There 
are reasons for feeling that the rotating-cylinder values are 
more reliable. These difficulties are probably traceable to 
the fact that latex does not possess an actual yield point. I t 
is easily shown that the yield value as calculated on the basis 
of preceding definitions is actually to some extent dependent 
on the nature of the nonlinear portion of the real stress- 
rate of strain diagram.

Recent work on the falling-sphere method has resulted in 
apparatus which may very likely be suitable for use in latex. 
The writers have had no experience with this method. In 
general the capillary-flow and falling-sphere methods possess 
a disadvantage when compared to the rotating-cylinder 
method—namely, that they are dynamic rather than kine
matic methods, and require a knowledge of the density of 
the material under test.

In order to render the results of viscosity measurements 
comparable, it is necessary to carry out all determinations on 
a given type of latex at the same total solids content. A 
precaution which should be observed in preparing the latex

F ig u r e  6 . M o d i f ie d  C a p il l a r y - F l o w  A p p a r a t u s
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for measurement is to eliminate all gas bubbles. This may 
be done by deaerating the latex under reduced pressure for 
several hours.

C a p i l l a r y - F l o w  M e t h o d . In the capillary-flow method 
of measuring viscosity the shearing stress is usually produced 
by the hydrostatic pressure of the liquid above the capillary 
tube. The apparatus is pictured in Figure 5. I t  consists 
of an SO-cm. glass tube 1 cm. in inside diameter with scratches 
M it Mi, Mi, M 4 as shown and a capillar}' tube of known di
mensions inserted in the lower end of the 80-cm. tube by 
means of a rubber stopper. The method consists of measur
ing the lengths of time necessary for two equal given volumes 
of latex, as estimated by the passage of the meniscus through 
two intervals bounded by scratches on the 80-cm. tube, to 
flow through the capillary under twTo different hydrostatic 
pressures. In terms of Figure 5 the following dimensions 
have been found suitable for the manipulation of latex:

been attained, the stopcock in the line leading to the syringe 
bulb is closed and latex is allowed to flow through the capillary 
for a given length of time into a large weighing dish. The 
latex is weighed to an accuracy of 1 per cent, and the process 
is repeated at one or more different values of the impressed 
pneumatic pressure. I t  will be noted that the 80-cm. tube 
of the simple apparatus has been replaced by a short tube 
of much larger diameter. The following additional notation 
will be necessary in order to write down formulas:

di =  density of latex in grams per cc. 
dux — density of mercury in grams per cc.

Pi and P 2 =  pneumatic pressure in cm. of mercury 
Ih and /¡2 =  average heights in cm. of top of latex column above 

bottom of capillary a t pressures Pi and Pi, 
respectively

i»i and U'-2 =  weights in grams of liquid delivered a t pneumatic 
pressures P, and Pi, respectively, in times 11 and 
U, respectively

hi and Ih

R  =

L
V

heights of midpoints of intervals MiMt and M3Mt, 
respectively, above bottom  of capillary (hi — 65 
cm.; h^ — 30 cm.) 

radius of capillary (R  = 0.040 =*= 0.002 cm. for 
norm al latex; R  =  0.070 =*= 0.004 cm. for 
creamed or centrifuged latex) 

length of capillary (10 cm.) 
volume included in each of intervals MtM; and 

M,Mt (10 cc.)

The numerical values of hi, Ih, R, and L  are so chosen that 
the two stresses under which the rates of flow are measured 
both fall on the linear portion of the stress-rate of strain 
diagram.

With the aid of the following additional notation it is 
possible to write down formulas for viscosity and yield point 
in terms of the above characteristics of the apparatus:

ii and h = times in seconds for latex meniscus to  pass through 
intervals M iM 2 and M tM t, respectively 

d =  density of latex in gram s per cc. 
g =  acceleration of gravity  (980.6 grams per second 

per second)
T  — tem perature in 0 C.
7) =  coefficient of viscosity in poises a t  tem perature T
7)25 =  coefficient of viscosity in poises a t  25° C. 
tj' =  limiting coefficient of viscosity in poises a t tem 

perature T
7)'25 =  limiting coefficient of viscosity in poises a t 25° C.
Fo =  yield point in grams per sq. cm. a t  T°  C.
F  =  volume of latex ( =  weight of latex/density  of latex)

Then

Ki Mi
k - h

where

Ki =

Ki =

irR'gd (hi — h2)
8 L V

3Rh?d
1 8L

K  =
3 v R 3g

In the testing of highly viscous samples a modified capillary- 
flow apparatus is sometimes desirable. The modification 
consists of augmenting the hydrostatic pressure used in the 
simple apparatus by means of an external superimposed 
pneumatic pressure. The apparatus for this procedure is 
pictured in Figure 6 . The pneumatic pressure is developed 
with the aid of a syringe bulb by pumping air into the large 
glass bottle reservoir shown in the figure. When the desired 
pressure, as read on the U-tube differential manometer, has

Tr dm(u:2P, -  wiPi) +  ditwihi -  wji,) ht2-*M -------------------------------------------   :--— Oi
W i V L h  t, — h

Fo = IC J \ -  A', yvh
diti

where

K,

K _ vR'g 
Kt ~ -&L 

3R 
8 L

i* _  3
‘ irR3g

R o t a t in g - C y l i n d e r  M e t h o d . In this case the shearing 
stress is produced by falling weights which, by means of a 
system of strings and pulleys, cause rotation of the cylinder. 
The complete theoretical expression for the instrument con
stant may be found in the afore-mentioned article by Mooney 
and Ewart, but it is too complex to be reproduced here. The 
form of the equation from which the viscosity of a Newtonian 
liquid may be calculated from rotating-cylinder viscometer 
data is, using the same notation as in the discussion of the 
capillary flow method with some additions

t, =  K M t (3)
where K

M  = 
t =

instrum ent constant, experimentally determined 
(with standard  liquid) 

total mass of weights and pans 
tim e in seconds for one revolution of rotor

The procedure in going to non-Newtonian liquids is very 
similar to that employed in discussing the capillary flow

F ig u r e  7 . R o t a t in g - C y l in d e r  V is c o m e t e r
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method. Instead of two pressure heads, two values of M  are 
employed.

Then v' = K(Mi -  Mt) (4)
It ~  t)

The value c>f M  corresponding to the yield point I<\ is

Mo = Mt — ^
Jxli It — tl

F„ =  L M n (5 )

where
3 C

Ho [ l R ”  I  (6)
3£o sin 0 o J  

C = circumference of pulleys
Ro = mean radius of inner and outer cylinders as defined by

tfo8

Ri and R> being the radii of the rotor and stator, respectively 
Go = mean angle between bottom of stator and bottom of rotor 
¿o = effective length of cylindrical section of rotor

T em perature C orrection . The capillary methods as 
described above have the disadvantage that thermostatic 
temperature control is difficult. However, if measurements 
are made within a few degrees of 25° C., it has been found 
satisfactory to correct the viscosity values for temperature 
by means of the following equations:

vn =  ij [1 +  0.02 (25 -  T)\ (7 )

v'«, =  V [1 +  0.02 (25 -  T) 1 (8)

These equations are of a form which is known to be valid 
over small temperature intervals for water. The data of the 
following table permit the calculation of an average tempera
ture coefficient for viscosity measurements in latex of 2 .2  per 
cent per degree Centigrade, but the accuracy of the data is 
not sufficient to warrant considering the difference between 
2 and 2.2 per cent as significant. In short, Equations 7 and 
8  represent the best available method of temperature correc
tion of viscosity data. Over a 5° interval on each side of 
25° C. they are sufficiently accurate for practical purposes,

F i g u r e  8 . A p p a r a t u s  f o r  M e c h a n ic a l  S t a b il it y  
T e s t

J i____
IZ  13 14  15 /¿ n  18 19

5 P £ £ Û  O f S 7 - / f / ? £ £ - £ / > A f . ' / 0 '3

F ig u r e  9 . R e l a t io n  o f  M e c h a n ic a l  S t a b i l i t y  t o  
S p e e d  o f  S t ir r e r

except in the case of latices of very high total solids content 
or those highly thickened with soaps, gums, etc.

-A t T o tal Solids:-
6 c . 44% 46% 48% 50%
25 .0 8 .50 10.0 11.4 14.2
30.6 7 .78 9 .62 10.4 12.3
36.1 6.24 7.91 9.24 10.0

R elation  b etw een  t? and ij'. As a m a tte r  of in te rest the  
following re la tion  betw een th e  tru e  and lim iting  coefficients 
of v iscosity  is listed :

(9)' F — F o 
where F is the absolute shearing stress

M ech an ica l S ta b ility
In the course of handling and processing, latex is often 

subjected to violent shearing stresses produced by mechanical 
treatments such as pumping and stirring, which tend to de
stabilize it. When it is considered that such situations as these 
are rather frequently encountered, it is unfortunate that 
there is no adequate means of evaluating the ability of all 
types of latex to withstand the effects of mechanical agitation. 
A major hindrance to the setting up of a general mechanical 
stability test lies in the lack of any precise concept of stability. 
The notion is a rather vague one at best and varies consider
ably in different connections.

In the experience of the authors, the high-speed stirring 
test is the only one which gives results even approximately 
in accord with the practical stability behavior of latex. The 
test, apparatus for which is shown in Figure 8 , consists of 
stirring a sample of latex until it coagulates. The stirring 
is done by means of a small slotted propeller blade which is 
driven by a high-speed Hamilton Beach motor. I t  fails in 
two cases: (1) in very thick compounds, (2 ) in compounds 
containing foaming agents. In the first case, the propeller 
blade tends to beat out a cavity in the latex so that actual 
stirring ceases after a short time. In the second case, the 
entire sample may be whipped to a very stable foam which 
will not coagulate. In uncompounded normal, creamed, and 
centrifuged latex and in many latex compounds, however, 
the high-speed stirring test for mechanical stability possesses 
the most practical advantages of any test known to the 
authors at present.

The customary procedure for measuring mechanical

¡5
I
*
x
kx

I
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stability has been modified in two important details. These 
are (1) the application of a correction for the speed of the 
motor, and (2) the method of selecting the end point. Another 
item of importance is temperature control.

The speed at which the latex is stirred has been found to 
produce an inverse linear variation of the time required for 
coagulation. The data to support this conclusion, presented 
here, were obtained on one normal latex a t 26.4 per cent total 
solids a t various motor speeds.

Speed of M otor S tability
R. p. m. M in .
12,400 18.9
14,900 14.3
16.000 13.8
16,840 11.2

From the data a table of correction factors to 15,000 r. p. m., 
the arbitrarily chosen standard speed, can be constructed 
(Table III).

T a b l e  III. C o r r e c t io n  F a c t o r s

Correction
Speed of M otor F ac to r

R . p. m.
12,000 0 .74
12,500 0 .77
13,000 0 .80
13,500 0 .85
14,000 0 .90
14,500 0 .94
15,000 1.00
15,500 1.07
16,000 1.14
16,500 1.22
17,000 1.32

When a mechanical stability value is obtained a t a motor 
speed different from 15,000 r. p. m., multiplication of the 
observed value by the appropriate correction factor from 
Table I I I  will give the value which would have been obtained 
a t 15,000 r. p. m. For example, if a stability of 10 minutes 
were obtained at a motor speed of 13,500 r. p. m., then the 
corrected stability would be given by 10 X 0.85 =  8.5 min
utes. The motor speed should be measured with a tachometer

a t  a  stan d ard  tim e, say  30 seconds, a fte r th e  beginning of a 
determ ination .

In  th e  case of th e  end-poin t selection in th is de term ination , 
personal errors have  been elim inated by  th e  following m eans:

A milliammeter is connected in series with the motor, and cur
ren t consumption is plotted against tim e from the beginning of 
the determination. W hen coagulation sets in, the general 
tendency of the current consumption will be to increase as the 
load on the motor is increased by adherence of coagulum to the 
propeller blade. During the first stages of coagulation, there are 
frequent large jumps in the current consumption, occasioned by 
pieces of coagulum which adhere to  the blade and are then 
thrown off, thus causing short periods of alternate labor and 
racing on the part of the motor. Readings should be continued 
until there is a  steady and rapid rise in current consumption with 
time, an occurrence caused by complete coagulation of the sample. 
The time a t  which th is rise starts  is taken as the end point.

For purposes of tem perature control of the sample under teat, 
the base of the stand on which the m otor is mounted should be 
provided w ith a water jacket through which water a t a  standard 
tem perature, say 25° C., can be circulated. This control is of 
considerable importance, since a  difference of 10° in tem perature 
may make a  large difference in the stability  value obtained.
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Laboratory D istillation  and V acuum  Flash Unit
C. E . W IN T E R S AND J .  E . H ED R IC K , K an sa s  S ta te  College, M a n h a t ta n , K an s .

APPARATUS for the distillation of petroleum, whether 
used for the evaluation of crudes and distillates or for 

the preparation of samples for research and development, 
must be capable of giving sharp fractions in sufficient quantity 
for refining and analyses. The methods described by Scheu- 
mann and Stewart (2) and the elaborate unit developed by 
Podbielniak (1) are notable examples of what has been done. 
However, in smaller laboratories, or where crude and distillate 
fractions are needed only at infrequent intervals, such equip
ment cannot be used. The need is for a simple, inexpensive 
unit which can be quickly assembled and dismantled when 
not in use, yet is capable of giving the desired separations.

A simple and inexpensive combination atmospheric dis
tillation and vacuum flash unit is here described for distilling 
crudes and for solvent recovery. The apparatus, shown 
in the diagram, is made from standard laboratory equipment, 
has a capacity of about 4 liters (1 gallon) per hour, gives 
sharp cuts, and can be run continuously.

This particular unit was built for running crude oil to lubricat
ing distillate semicontinuously. I t  consists of two distillation 
outfits, each using 5-liter flasks for distilling, connected by a

single piece of 0.4-cm. (0.1875-inch) copper tubing. One flask 
operates a t atmospheric pressure a t tem peratures of 176.67° to 
315.56° C. (350° to 600° F.); the other, a t 8-mm. vacuum  or less 
and 148.89° to 287.78° C. (300° to  550° F.). Thermocouples, 
placed in the liquid in each still, were found much more Batis-
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factory than  thermometers, particularly a t low distillation rates. 
Asbestos insulation of both stills was necessary.

The crude oil is fed to the atmospheric still, which serves to 
preheat the oils for vacuum flashing and removes the gasoline and 
water. When operation is started, about 1 liter (1 quart) of 
crude is charged to this still and gradually heated to 232.22° C. 
(450° F.). Crude is then added continuously, bu t slowly, through 
a separatory funnel to the hot charge. W ith this arrangement, 
no bumping or foaming occurs, and it is possible to m aintain a 
higher rate of distillation.

The hot bottoms from the topping still are drawn into the 
vacuum still, being sprayed into it a t a  high velocity. When 
operated strictly  as a  flash unit, there is no difficulty w ith foam
ing and entrainm ent as in ordinary vacuum distillation. If 
flashing does not remove enough material, a small am ount of 
heat can be applied, making the one flask serve as both a flash 

.chamber and a distillation unit.

Although no attem pt was made to obtain sharp cuts of 
the lighter materials, these could be secured by including 
fractionating columns in the setup. No difficulty has been 
experienced in running different crudes. The results were 
equally satisfactory upon East Texas, Smackover, Mid- 
continent, Pennsylvania, and California oils. By careful con
trol, fractions of any gravity desired may be obtained. Table 
I shows the results of rerunning a Texas gas oil fraction to 
obtain experimental cracking stock, and the separation of a 
Texas lubricating distillate from heavy residuum.

T a b l e  I. I I e u u n  o f  F r a c t io n s  t o  D e s i r e d  G r a v it y

Texas Gas Oil Fraction  Texas R esidue Fraction

Charge
A tm ospheric u n it 

distillate  
Vacuum  u n it d istillate  
Vacuum  u n it residue

Tem p.
Absolute
Pressure

Absolute 
Tem p. Pressure

A. P . I .  °F. M m. °A . P . I . °F. M m .
32.2 23 .0

35 .0  505 754 580 752
31.1  310 7 2 5 ‘.2 485 6
28.8 20 .0

The apparatus has been found useful for the vacuum dis
tillation of lubricating distillate to lubricating oils, using the 
atmospheric still as a preheater for the flashing chamber, and 
in solvent-extraetion work for removing and recovering 
solvents from the raffinate and extract. Here the first still 
was used to recover most of the solvent and the oil was then 
flashed into the second still to remove the last traces.
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Vessels for the Storage o f Gases and Liquids
JU L IU S  SENDROY, J i t . ,  H o sp ita l o f  T h e  R ockefe ller I n s t i tu te  fo r M edical R esearch , New Y ork , N . Y.

THE vessels described have been satisfactorily used for 
some time in this laboratory to serve several purposes 

in the gas analysis of gases and liquids. Requiring no expert 
glass blowing, they are easily constructed from readily avail
able, inexpensive materials. These advantages, coupled with 
their sturdiness, flexibility, and convenience in manipulation, 
constitute an improvement over the accessories hitherto em
ployed for the same purposes.

Storage o f  A ir-F ree R ea g en ts  over M ercury

I t has been found that the reagents or solutions used for 
manometric analyses [5, 7) can best be kept air-free over 
mercury. For such storage a modified Hempel pipet (6) and 
similar vessels have been used. Of late, there have been 
designed in other laboratories several different one-piece types 
of vessels, necessitating more or less, expert glass blowing in 
their construction, which have had as their purpose avoidance 
of the ruinous contact of alkali or other reagents with the 
glass control stopcock. Such models have been described 
by Guest and Holmes (2) and by Holmes (S).

The author’s design of a vessel suitable for the storage of 
reagents, particularly strongly alkaline ones, air-free or other
wise, and possessing the advantages outlined above, is shown 
in Figure 1, model 1.

A is a  236-cc. (8-ounce) “Hygeia” wide-mouthed nursing 
bottle into which the container parts are set, for convenience in 
handling or for setting on any flat surface. Into A are set B, 
a  30-cc. (or 60-cc.) separatory funnel, and C, a bulb of convenient 
capacity from 15 to 75 cc., with an external capillary tube ending, 
a, of 1.5-mm. internal diameter, bent as indicated, and a  4 - to  5-mm. 

. tube ending, b. The ends of B  and C are connected a t the bottom  
■with a piece of thick capillary rubber tubing, r. The bulb and 
funnel are held in place in A  by a two-hole No. 10 rubber stopper, 
R, shortened by 5 mm. a t the bottom. The stopper is slit from 
the outside to  each of the holes, so th a t C and B  m ay be easily 
slipped into place after the connection a t r  has been made. The

usual rubber adapter tip , E , is pu t on the end of the capillary, a 
If necessary for greater stability, the bottom  of this and the other 
models m ay be weighted w ith either mercury or lead shot, 17.

The reagent is made air-free by extraction in the manometric 
apparatus, and is transferred to the storage vessel under pressure, 
as described by Peters and Van Slyke (4, p. 235). If, for conveni
ence, B  is of only 30-cc. capacity, and more th an  this volume of 
reagent is to  be stored in C, the mercury overflow from B  m ay 
be caught by the insertion of the stopper and tube, X ,  into the 
neck of B. The rubber tube, T, m ay lead to  a beaker or other 
container. By means of wiring around the indented rim of the 
bottle, A , th is and the other models may be tem porarily suspended 
at a  convenient height, so th a t in any transfer of reagent or gas 
the operator need only use one hand to  hold the capillary, a, 
firmly in the cup of the Van Slyke apparatus. At all times, when 
not actually delivering reagent, the vessel should stand  with 
tip  E  immersed in a small beaker of mercury. This and models 
2 and 3 are more easily taken apart, for cleaning or change of 
reagent, if the vessel is first emptied of most of the mercury it 
m ay contain.

These vessels may be used for any reagent not affected by 
mercury, and contact between reagent and control stopcock 
is avoided. Air-free N  sodium hydroxide, observed in such a 
vessel over a period of 18 days, showed an increase in air 
content of only 4.1 mm. measured in the Van Slyke appa
ratus a t the 0.5-cc. volume, for a 5-cc. sample of solution.

S torage o f  B lood  S am p les and  O ther G as- 
C o n ta in in g  S o lu tio n s

Model 2, Figure 1, is the same as model 1, w ith a change in the 
form of the external capillary ending, a, to  perm it w ithdrawal of 
portions of solutions into a pipet, through the rubber connec
tion, o. Tube ai (the ending of which is like th a t of a, model 1) 
in this model is removable, and is used only to  transfer liquid 
to  the vessel. This model m ay be used in place of the more cum
bersome type of apparatus ( j . Figure 3, p. 129) for the storage 
of gas-containing liquids, particularly blood as drawn. I t  is also 
useful for the storage of air-free reagents which must be delivered 
quantitatively, as in method C of Van Slyke and Sendroy (S, 
pp. 521, 525) for the determination of small amounts of nitrogen 
in oxygen or carbon dioxide.
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In  this, and in the other models of th is series, i t  m ay more often 
be necessary to transfer a solution into the vessel under negative 
pressure, as in the separation of serum from cells, a  procedure 
effected in other systems by the lowering of a free leveling bulb 
corresponding to  B. The same result m ay be attained by tne use 
of the stopper and bent tube, X ,  inserted into the neck of B. 
W ith the thick-walled capillary rubber tubing, T, a  connection 
is made to a 250-cc. suction flask to  which suction m ay be ap
plied. In  case neither house nor w ater pump vacuum is avail
able when the sample is transferred to  C, as a t  the bedside, 
a small Becton and Dickinson "Potain” aspirating syringe, con
nected to the suction flask, has been found most satisfactory. A 
few strokes of the plunger are made, the syringe is laid down, and 
the operator is then free for the manipulations involved in the 
transfer of m aterial to  the container. Depending on the length 
of glass tubing, X ,  in the rubber stopper in the neck of B, the 
mercury in B  m ay be kept a t any convenient level, with overflow 
running into the suction flask, while the sample is taken into C. 
Later, when mercury is needed for displacement, it m ay be added 
to B  through a small funnel. If B  is large enough, there need be 
no tube X  and vacuum  m ay be applied to B  directly.

S torage o f  E ith er  G ases or L iqu ids
By another change in the external ending of bulb C, model 3 

serves as a very convenient container to  take the place of the 
usual types of gas-sampling tubes (4, C hapter III) . The three- 
way, 120°, Y-form capillary stopcock, Y, provides for washing 
gas through from a2 (the ending of which is like th a t of a, 
model 1) to as or vice versa, and then storage of the sample in C, 
through limb a. (The 120° stopcock is not an item usually 
carried in stock by supply houses, bu t can readily be obtained 
on order. The usual three-way, 90°, T-form capillary stopcock 
will do as well, and has been satisfactorily used by the author.

However, one m ust be very careful in its m anipulation, so as to 
avoid the dangers of simultaneous double connections. When 
used for gas analysis only, any capillary three-way stopcock may 
be used in place of X )  Gas samples m ay be taken into the 
Haldane gas-analysis apparatus by a glass connection from limb 
as, or into the manometric apparatus by direct insertion of limb 
at  into the cup of the chamber. Obviously, this vessel m ay also 
be used as is model 2, for the storage of blood or other gas-con
taining liquids. If a  dry anticoagulant be placed in C, blood 
m ay be drawn directly into this vessel by the attachm ent of a 
needle to  a short length of rubber tubing connected to ' limb oj. 
The initial flow is wasted through ctj, and then‘\the sample is 
drawn in through a, under slight negative pressure.

Model 3 may also be used for the storage of nonalkaline, 
air-free reagents. For alkaline reagents, however, model 1 is 
much to be preferred.
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A 100-Plate Semiautomatic Laboratory Bubble- 
Cap Still o f Glass

JO H A N N ES II . BRUUN a n d  W . B . M ASON FAULCONER, S u n  O il C o m p an y  R esea rch  L a b o ra to ry , N orw ood , P a .

D escr ip tion  o f  S till

An assembly drawing of the 100-plate bubble-cap 
still is given in Figure 1.

The column, which is made in 20-mm. sections, has a 
to ta l holdup of about 70 ml. when it is in normal opera
tion. The 100-plate column described in this paper was 
made by the O tto R . Greiner Company, 55 Plane St., 
Newark, N. J. The turntable and electric tim er were 
made by the Automatic Tem perature Control Company, 
Inc., 34 E ast Logan St., Philadelphia, Pa.

The autom atic sample-taking device consists of a circular 
turn table with twelve holes for sample bottles and an 
electric timer, by means of which cuts can be made a t 
any desired time interval from 10 seconds to 2 hours. 
The receiver is water-cooled and provided w ith an in
term ittent siphon, such as th a t of a  Soxhlet apparatus. 
The reflux regulator is identical to  th a t reported in an 
earlier paper (S).

The heating jacket, which is of a greatly improved de
sign, is made of sheet transite w ith a glass front, so as to 
provide complete visibility of the column and of the four 
thermometers which are fastened to  the column. The 
entire jacket is made in a  single piece, with a  cross sec
tion as shown in Figure 2. The heating coils are placed 
inside the jacket in order to  provide immediate response 
to  tem perature adjustm ents of the column. In  order 
to  eliminate any effects of wind currents commonly en
countered when windows or doors arc opened in the labora
tory, the transite jacket is insulated on three sides with 
asbestos paper and with felt pad.

A strong light placed outside the jacket near the top 
of the column will provide satisfactory illumination a t 
night, although indirect lighting effects are to be pre
ferred. This could be accomplished by building a recess

into one side of the transite jacket and placing a neon tube along 
the entire length of the jacket.

O peration  o f  S till
The m aterial to  be distilled is introduced through the filling 

tube, after which full heat is applied to the still pot until boiling 
begins. A t this point the heat on the still pot is decreased and 
the heat on the column is turned on. The column jacket tem 
peratures are m aintained preferably between 10° and 20° below 
the tem perature of the vapor in the beginning period, so as to al
low liquid to condense on the plates and thus s ta rt the operation 
of the column from the bottom  up. As soon as all the plates have 
commenced to function, adiabatic conditions m ay be established 
around the column, and the desired rate of boiling obtained by 
adjusting the heat on the still pot.

The time required to  s ta rt up a  100-plate column in the above 
m anner is about 20 to 30 minutes from the time of boiling in the 
still pot. If  any section of the column should have a  tendency to 
flood, the still-pot switch should be pulled off for a few moments 
until the column resumes its normal operation.

For most distillations it  is advisable to  set the reflux regulator 
for to ta l reflux and to allow the column to operate in this manner 
for from 2 to 6 hours in order to  ensure equilibrium on all of the 
plates. By adjusting the micrometer screw on the reflux regula
tor, the distillate is then  allowed to  pass over into the receiver a t 
the desired rate.

T h e s t il l  described  in  th is  paper h a s  a 
sep aratin g  pow er eq u iv a len t to  a b o u t 70 to  
72 th eo retica l p la tes . S in ce  th e  h e ig h t  o f  
th e  fr a c tio n a tin g  co lu m n  is on ly  a b o u t 2 
m eters (6.5 fe e t) , th e  n ew  s t il l  can  b e p laced  
in  any laboratory  o f  average or even  b elow  
average h e ig h t . A t low  rates o f  d is t illa tio n  
th e  s t i l l  is  p ractica lly  se lf-o p era tin g .

IN AN ATTEMPT made several years ago to increase the 
separating power of a rectifying still, an elevator shaft at 

the National Bureau of Standards was used for the construc
tion of a 11.0-meter (36.1-foot) packed laboratory glass column
(5). As a result of subsequent attempts along these lines, the 
over-all height of laboratory columns has been extended to 
15.85 meters (52 feet, 7). While the degree of separation ob
tained in these columns is very high, the erection of such 
columns will be possible only in laboratories where it is pos
sible to extend the columns up through several floors.

With these facts in mind a new laboratory bubble- 
cap plate was recently developed by one of the authors 
(4). A still has now been constructed containing 100 
plates of the new type, and designed so that the entire 
still may easily be placed in a laboratory of average or 
even below average height. In the present paper a 
complete description is given of such a still, as well as of 
its operation and efficiency.
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By using the automatic sample-taking device, the still, 
when once started and properly adjusted, requires, practically 
speaking, no attention whatsoever, and it has been the prac
tice a t this laboratory to leave the still running a t low rates of 
boiling (1 0  ml. per minute a t the top of the column and 0.1 
to 0.5 ml. per minute collecting in the receiver) during nights 
as well as Sundays. The low rates of distillation employed 
under such circumstances are more than compensated for by 
the 168 hours per week of actual distillation time available.

If for any reason, such as the approach of a week end, a 
flooding of the column, or other interruption, it should become 
necessary to shut down an uncompleted distillation, the still 
has the advantage of being nonsiphoning (2)—that is, the 
already fractionated portions of the liquid will remain on their 
respective plates in the column. When the still is to be re
started, the operator has the advantage not only of having 
liquid on every plate, but also of having the previously es
tablished equilibrium between the compositions of the liquids 
on the various plates unchanged. This feature alone repre
sents a time saving of from 2  to 6 hours at every shutdown.

E fficiency  o f  S till

The efficiency curves given in Figures 3 and 4 indicate that 
even compounds boiling only a few degrees apart, such as ben
zene and ethylene chloride, can be separated in the 10 0 -plate 
still. In these “efficiency runs” the columns were operated 
under practically total reflux until equilibrium had been es
tablished on the plates. The distillations were then started
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slowly and the rates as well as the reflux ratios were gradually 
adjusted to the values given in the figures. The results shown 
in Figure 3 were obtained by manual operation of the still, 

while the curve shown in Figure 4 is a result of a 
semiautomatic distillation where manual control 
was limited to an inspection every 4 to 8  hours.

The 100-plate fractionating column was further
more tested according to the procedure used by 
Fenske, Tongberg, and Quiggle (6) and by using 
the vapor-pressure relationships p u b lish e d  by  
Beatty and Calingaert (1). The results of these 
efficiency runs are given in Table I.

While the results indicate that the number of 
theoretical plates in the new column is between 
70.6 and 84.2, the experimental errors tend to 
increase whenever the concentration of n-heptane 
in the still pot becomes small (0.5 mole per cent). 
For this reason it is believed that 70 to 72 theo
retical plates would be a more conservative value 
for the separating power of the column. This 
corresponds to a height of the equivalent theo
retical plate of about 2 .8  cm., as compared with 

the somewhat lower value of 2 .0  cm. which was obtained 
when a 5-plate column of identical design was tested with 
other mixtures (4).

T a b l e  I. E f f ic ie n c y  T e s t  R u n s  U s in g  M i x t u r e s  o f  n- 
H e f t a n b  a n d  M e t h y l c y c l o h e x a n e  ( T o t a l  R e f l u x )

V i e  w  s h o e i n g  

A r r a n g e m e n t  o f  

H e a t i n g  U n i t

U P P E R  F O U R T H

O F H e a t i n g  

J a c k e t

C e n t im c t e r s

R ate  of 
Boiling a t  Top 

of Column 
Ml./min.

8
10

5

Mole Per C ent of n -H eptane 
Still po t T op of column

0 . 5
2 . 5
5 . 8

5 4 . 1  
7 6 . 7
8 7 . 2

N um ber of 
Theoretical 

P lates

8 4 . 2
7 2 . 6
7 0 . 6

F i g u r e  2 . H e a t in g  J a c k e t  f o r  C o l u m n

In order to give a more definite idea of the separation ob
tainable with laboratory columns containing different num
bers of plates, a few experimental distillations are included in 
Table II. i

Unfortunately, the three columns used were not of identical 
design, but at the rates employed they had been found to have 
practically the same plate efficiencies (4). I t  should be par
ticularly noted that with a column containing only 26 plates, 
the separations to be expected are such that even compounds
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boiling 1 2 ° apart cannot be completely separated. Conse
quently, the need of columns containing a larger number of 
plates cannot be emphasized too strongly. Generally speak
ing, efficient separations of complex mixtures in stills contain
ing less than 30 plates is almost hopeless. Similarly, packed 
columns with heights below 1.5 meters (5 feet) should be 
used only for separation of a few of the very simplest known 
binary mixtures.

F i g u r e  4 . E f f ic ie n c y  C u r v e  o f  100 -  
P l a t e  S t il l

Charge, 1500 ml. of a te s t m ixture containing 
50 mole per cent of benzene (boiling po in t =■
80.2° C.) and 50 mole per cent of ethylene chloride 

(boiling po in t «  83.7° C.)

For laboratories dealing with more extensive distillation 
problems, an installation consisting of two stills is to be rec
ommended. The material to be fractionated could then first 
be subjected to a fast distillation into narrow cuts by means 
of a 50- to 60-plate column in 40-mm. sections (for design see 
Figure 2 , 4). This column is designed for very much greater

T a b l e  II. D is t i l l a t i o n  o f  B in a r y  M i x t u r e s  i n  C o l u m n s  
C o n t a in in g  100 , 5 2 , a n d  2 6  P l a t e s

Mole Per C en t of Lower-
«--------------- Conditions of D is tilla tion --------------- . Boiling C onstituen t in

R ate  of D istillate
R ate  of collection Reflux 100-plate 52-plate 26-platc 

T est m ixture boiling d is tilla te  ra tio  colum n0 column & column® 
M l./m in . M l./m in .

50:50 mole per cent, 
benzene -  ethylene 
chloride (difference 
in boiling points ■»
3.5° C.) 2 0 .1  20 :1  99 .9  93 80

10:90 mole per cent, 
n-heptane-toluene
(difference in boil- 7 :1
ing points «=• 12° C.) 7 0 .1  to  99 .9  99 93

10:1

a Figure 1 % It. & Figure 2, Jf. e F igure 5, 5.

rates of distillation and is even easier to operate than the one 
used in the present paper. The subsequent redistillation of 
the cuts thus obtained could be done a t a lower rate of dis
tillation in a 100- to 130-plate column consisting of 20-mm. 
sections, such as those used in the column described in the 
present paper (for design of the 2 0 -mm. plate sections, see 
Figure 1, 4).

The maximum permissible vapor velocity for the 100-plate 
column described in this paper is 31.3 cm. per second (1 foot 
per second), which corresponds to a rate of boiling of about 
30 ml. of benzene per minute.

L iteratu re C ited
(1) B eatty, H. A., and Calingaert, G., I nd. E n'Q. Chem ., 26, 504

(1934).
(2) Bruun, J. H., Ibid., Anal. Ed., 1, 212 (1929).
(3) Ibid., 7, 359 (1935).
(4) Ibid., 8, 224 (1936).
(5) Bruun, J. H., and Schicktanz, S. T., Bur. Standards J . Research,

7, 851 (1931).
(6) Fenske, M. R., Tongberg, C. O., and Quiggle, D., I n d .  E n o .

Chem., 26, 1169 (1934).
(7) Fenske, M. K., Tongberg, C. O., Quiggle, D., and Cryder, D. S.,

Ibid., 28, 644 (1936).
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Apparatus for Crude-Fiber Determ ination
CHAS. E . W EAK LEY , JR ., W est V irg in ia  A g ric u ltu ra l E x p e rim e n t S ta t io n , M o rg a n to w n , W . V a., AND 

T . B . L E IT H , D e p a r tm e n t o f  A g ric u ltu re , C h a rle s to n , W . Va.

IN THE determination of crude fiber in feeds and other 
plant materials, as carried out in different laboratories, 

a variety of manipulations and apparatus assemblies is in use, 
designed to conform with the official method of the Association 
of Official Agricultural Chemists in general principle, but 
differing widely in ease of manipulation, time-consumption, 
and uniformity of the results obtained. I t  has justified its 
name through the years by remaining a crude determination, 
with little concerted attem pt to improve and standardize it in 
spite of its importance in many fields of experimental and 
regulatory work. The considerable variety in the character 
of materials to which this apparatus in question must be ap
plied renders the time and accuracy of the difficult filtra
tions and transfers involved peculiarly subject to the varia
tions of individual technic, in a determination frequently

delegated to an inexperienced chemist. The adoption of 
uniform fiber apparatus and technic will depend upon the 
development of a simple, convenient, and efficient setup, 
which will remove as much as possible of the crudeness from 
the procedure.

An improved apparatus and technic, which simplify the 
whole operation, have been developed in this laboratory over 
a period of several years. Figure 1 shows a general view of 
this apparatus, which looks rather complicated but can be 
built from ordinary laboratory equipment; it will be found 
substantial, easily manipulated, a time-saver, and well 
adapted for consistent and reproducible results. The samples 
are not removed from the Erlenmeyer flasks until they are 
filtered off into the Gooch crucibles. All digestions and 
washings are completed without previous transfer.



APRIL 15, 1937 ANALYTICAL EDITION 195

P rocedure
The fat-extracted samples are transferred to 1-liter Pyrex 

Erlenmeyer flasks, which are placed in a row on the table in 
front of the apparatus. A small am ount of fine ignited asbestos 
is added as an aid to filtration. The 1.25 per cent sulfuric acid, 
which has been heated to boiling in a 3-liter Pyrex Florence 
flask, is drawn into the measuring pipets through the distributor 
by gravity (the Florence flask being placed on the shelf above the 
pipets), hastened by applying suction to the series of T-tubes 
connecting the upper ends of the pipets.

F i g u r e  1. C r u d e - F i b e b  A p p a r a t u s

The distributor (made of Pyrex glass, a t  moderate cost, by E. 
M achlett & Son, New York, N. Y.) which is shown in detail in 
Figure 2 is made w ith the side arms in two rows, the rows being 
a t right angles to one another. Each side arm has an upward 
slant of 45 degrees from the central tube which is bent forward 
(at the lower end) for a  rubber-tube connection. This permits 
the excess liquids to drain out of the system after each individual 
treatm ent is completed. Since different lengths of rubber tubing 
are required to connect the different pipets with the distributor, 
it is necessary to calibrate each line separately by a mark on the 
pipet when the apparatus is set up. W hen the acid reaches the 
proper level in each pipet, the glass stopcock (3-mm. bore) in 
th a t particular line is closed off. After the whole system has 
been filled to  the proper level, the suction is shut off and the 
Florence flask moved to  the table. All rubber tubes from the 
pipets are disconnected from the distributor (connection having 
been made by short pieces of rubber tubing and pieces of glass 
tubing drawn down to form nozzles w ith 3-mm. openings), and 
the contents of the pipets are emptied into the Erlenmeyers, using 
the nozzles to wash down the sides of the flasks. As each line 
is disconnected, the acid remaining in the corresponding dis
tributor arm returns to the Florence flask. After the acid has 
been added to all the flasks (the procedure requiring about 1 
minute), they  are placed over the flames on 13-cm. iron rings 
covered w ith nichrome wire gauze, the iron rings being attached 
to supports connected to flanges which are screwed to the wall. 
The solutions are brought to boiling quickly, after which the 
flames are adjusted with the valve in the main line to keep them 
boiling gently.

The volume of the liquid is kept constant by 2.5 X 20 cm. 
test-tube condensers which extend 15 cm. into the flasks. The 
upper 7 cm. of the tes t tubes are covered with heavy-walled rub
ber tubing to fill up loosely the necks of the flasks and ac t as a 
cushion when the flasks are shaken. The glass inlets and outlets 
of these condensers have flexible connection with 6-mm. copper 
tubes through 20-cm. lengths of rubber tubing. These copper 
tubes are held rigidly in place by a  grooved strip, 5 cm. wide, 
screwed to  the bottom  side of the front edge of the shelf. One 
stream  of w ater cools five condensers and is connected with the 
water supply by a needle valve for ease of adjustm ent. This 
adjustm ent is made by observing the discharge a t the end of the 
copper overflow pipe.

.Alter boiling gently for 30 minutes, the flasks are removed from 
the flames and placed on the table in a position slightly tilted by 
means of a beveled wooden strip  in front of the apparatus. In 
verted filter tubes (made from straigh t thistle tubes selected to

T a b l e  I .  C o l l a b o r a t iv e  R e s u l t s

T riplicate Average R esults of
determ inations Average 53 Laboratories

% % %
5.76 5.78 5 .84
5.80
5.79
6.96 6 .99 7.11
7.04
6.96
9.82 9 .91 9.61

10.01
9.91

17.34 17.27 17.02
17.24
17.24
29.44 29.57 29.57
29.61
29.65

Av. 13.91 13.83

go through the necks of the Erlenmeyers and covered w ith linen 
cloth tied on w ith thread, turned back, and retied w ith copper 
wire) are then placed in the Erlenmeyer flasks, the filter tubes 
having been connected previously to the system through the 
nozzles described above. Suction is applied, and the filtrate is 
drawn off quickly and completely. The acid-extracted residue 
remaining in the flask is washed free from acid with boiling water, 
each portion being removed to  relative dryness by suction through 
the inverted filter tube. <A.s soon as the last wash w ater is re
moved from each flask, the Erlenmeyer and inverted filter are 
held in a horizontal position above the level of the stopcock, 
so th a t the liquid in the inverted filter and rubber tubing will be 
drawn past the stopcock, which is then closed.

As the filtrations are finished, the nozzles are disconnected 
from the inverted filters and again connected to the distributor. 
The suction is then disconnected from the line to the T-tubes 
above the pipets and connected to the line leading to the bottom  
of the distributor which formerly was immersed in the acid. The 
glass stopcocks are opened, air enters the T-tubes, and the system 
is emptied of the acid wash water. If the washing operation is 
thorough, no additional rinsing of the system is necessary. The 
suction is now disconnected from the tube to  the bottom  of the 
distributor and connected to the T -tube line, and up to the point 
of filtration the same procedure is followed for the 1.25 per cent 
sodium hydroxide solution as for the acid solution, washing the 
residue from the inverted filters by use of the nozzles as the 
alkali is delivered from the pipets. After boiling gently for 30 
minutes in the alkali solution, the flasks are removed from the 
flames, the contents are filtered through Gooch crucibles w ith 
asbestos pads, and the residues are washed with boiling water 
until free from alkali. The crucibles are noxv ready for drying and 
the determination of loss on ignition.

<JO*

F ig u r e  2 . D i s t r i b u t o r
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As soon as the sodium hydroxide digestion is started, a  2- 
liter vessel of distilled w ater is connected to the line from the 
bottom  of the distributor, suction is applied to the T-tube line, 
and the whole distributing system is rinsed and drained by suction 
from below. This removes the caustic soda and prevents freez
ing of the glass stopcocks. The inverted filters are also washed 
thoroughly and soaked in several changes of water. A 12-liter 
bottle two-fifths full of water is placed in the line to the suction 
pump to receive the ho t acid filtrate and washings, and suction is 
applied through this reservoir a t all times.

An 8-liter tinned copper tank  placed over a flame on the shelf 
above the apparatus supplies hot distilled water by gravity for 
all washing purposes. This vessel is filled from the storage tank 
through a block-tin pipe, by either gravity or pressure.

Ordinary 9-mm. glass funnels with cut-off stems are fitted to

the 25-cc. Gooch crucibles by means of No. 7 rubber stoppers to  
aid in the transfer of m aterial from the Erlenmeyer flasks. By 
th is means the hot extract is removed immediately with two quick 
pourings.

Table I shows a comparison of the results obtained with this 
apparatus and the average of the results from 53 feed labora
tories throughout the country on check samples sent out by 
the Association of Feed Control Officials. These samples 
show a wide variation in fiber content.

R e c e i v e d  N ovem ber 25, 1936. Published w ith the  approval of the  D ireotor 
of the  W est V irginia A gricultural E xperim ent S ta tion  as Scientific Paper No. 
178.

Gas-Tight Laboratory Stirring D evice for Pasty M aterials
A. II . M AUDE, H o o k er E lec tro ch em ica l C o m p an y , N iag a ra  F a lls , N . Y.

THE apparatus described below was developed for the 
purpose of reacting and distilling pasty materials under 
vacuum. Where materials are of such consistency that ordi

nary stirring devices fail to give effective mixing, the only 
alternative types of apparatus known to the author are the 
kneading machine and the ball mill. These are not available 
for small charges, of the order of 100 grams, and they have 
other disadvantages, such as the difficulty of determining 
changes in weight and of maintaining perfectly vacuum- 
tight glands, time consumed in opening and closing for charg
ing or discharging, and relatively high cost.

A method of mixing thick masses by affixing wire loops to a 
stirring rod was described by Hershberg (1), and a method of

making a glandless stirrer for a flask was described by Powell 
(2). The apparatus now described combines these two ideas 
and develops them into a form of wide utility.

The a p p a r a t u s  
is shown in Figure
1. A 5 0 0 -c c . 3- 
necked Pyrex dis
tilling flask, i, was 
used. The middle 
n e c k ,  g, w as  cut 
down to about 1.25 
cm. (0.5 inch) in 
length and slightly 
flared. A stirring 
rod, e, was in tro 
duced t h r o u g h  a 
stopper attached  to 
the flask by a 5- 
cm. (2-inch) length 
of thick-walled 2.5- 
cm. (1-inch) inside 
d i a m e t e r  rubber 
t u b i n g ,  / ,  w i r e d  
f i r m l y  in p l a c e .  
The glass stirring

rod was 0.9 cm. (0.375 inch) in diam eter, very slightly drawn 
out a t  the two points where the wires were bound on. After 
several trials it was found th a t steel music wire 0.6 mm. 
(0.024 inch) in diam eter (music wire, gage 10) or phosphor 
bronze wire of about double this thickness was of a suitable 
springiness and stiffness to stir any paste encountered, yet not 
to endanger the glass flask. Twenty of these wires, j ,  were a t
tached by twisting them  around soft iron wires, k, as shown in 
Figure 2. The iron wires were then tw isted around the con
stricted portions of the glass stirring rod. The steel wires were 
spread out and cut off to  suitable lengths to scrape against the 
walls of the flask.

The stirrer was driven a t  30 revolutions per minute, by a  speed- 
reducing gear, a, which was furnished with a  disk wheel, b, 
drilled for the floating pin, c. Several drill holes were provided to 
perm it adjustm ent of the width of sweep of the stirrer. As it is 
necessary to m ount the flask very firmly, it was clamped by 
suitably shaped wooden pieces, h, across its three necks. The 
stirring rod was attached by a  heavy rubber tube, d, wired in 
place. All connections to the flask m ay be cemented w ith shellac 
or collodion.

Use of this device reduces to a fine powder a paste which 
would become a solid hard lump if distilled without stirring.

L itera tu re  C ited
(1) Hershberg, I n d . Enq. Chem., Anal. Ed., 8, 313 (1936).
(2) Powell, Ibid., 8, 488 (1936).

R e c e i v e d  Jan u a ry  13, 1937,
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Microanalysis o f Nitrogen in Certain Pyrim idines 
by the Dumas Method

DOU GLASS F . HAYMAN a n d  SO L A

THE micro-Dumas method of Pregl (3) has an enviable 
reputation for producing accurate results on a variety 
of substances. Properly handled, it was considered an ac

curate method for any organic nitrogen-containing compound.
This method was used in this laboratory on a wide range 

of compounds without any known discrepancy until a certain 
series of pyrimidines of known purity failed to give the re
quired amount of nitrogen. The nitrogen values obtained 
were from 0.4 to 2.0 per cent below theory and were repro
ducible under uniform treatment of the sample. The carbon 
and hydrogen values for these compounds agreed with the 
theoretical values within the limits of experimental error.

Several papers have appeared recently in the literature 
in which references were made to the fact that there were 
certain types of compounds which could not be analyzed 
properly by the Dumas method. The nitrogen values ob
tained were low (1, 2, Jh 6).

The first step in studying this problem was to make the 
combustions in a quartz tube, employing the hottest flame 
obtainable from a Tirrill burner. Utilizing this high tem
perature, the results obtained for nitrogen present were higher 
but still were below theory. The addition of potassium 
chlorate to the samples, as advocated by Pregl, together with 
high heat showed no improvement over the method of burning 
at a high temperature. Potassium dichromate was tried but 
with no better results. I t  was thought that the combustion 
of this particular type of compound must be abnormal or 
that the combustion was incomplete.

Mercuric acetate, a slow-burning compound with a high 
decomposition point, was mixed with the sample to furnish 
the normal decomposition products over a longer period of 
time. The results obtained with this compound were very 
satisfactory. There was an appreciable amount of metallic 
mercury produced. Because it appeared that the operator 
might be harmfully affected by the mercury vapor, especially 
when burning out the temporary filling between analyses, 
etc., a trial was made with copper acetate, which also gave 
excellent results. The metallic copper remaining from the 
combustion of the copper acetate could not be harmful either 
to the operator or to the analysis.

A finely powdered sample weighing 1.5 to 3.0 mg. was trans
ferred from the weighing bottle to the mixing bottle, a  test tube 
10 X 75 mm. About five times as much copper acetate was 
added to the sample, and the whole was thoroughly mixed by 
ro tating  the tube. This mixture was then covered with finely 
powdered copper oxide to  a height of 30 mm., and the mixing tube 
was closed w ith a  tightly  fitting cork. In  mixing with the cop
per oxide, the tube was never shaken, bu t was rotated a t an 
angle of 15° above the horizontal so th a t some copper oxide 
was introduced into the original mixture of unknown and copper 
acetate. This mixture was transferred to  the combustion tube.

The first rinsing of the mixing bottle was made with about 6 mg. 
of copper acetate mixed w ith the usual am ount of copper oxide 
powder. The second rinsing was made with copper oxide powder 
alone. The combustion was carried out by using a very hot 
movable flame, which was brought towards the sample very cau
tiously, as the large concentration of combustible m aterial might 
result in too rapid combustion.

Typical analyses before and after using the special method 
are given in Table I.

Blank runs were made with the copper acetate, but only 
micro bubbles were produced. Compounds previously ana-

ER, M crck & Co., In c ., R ailw ay , N . J .

lyzed by the regular Pregl method gave identical results 
using the special method, showing that it was sound.

I t has been found difficult to explain the cause of failure of the 
Dumas method on these pyrim idines. There was considerable 
evidence that some nitrogenous compound was left behind, 
a fact that pointed to incomplete combustion as the most 
likely source of error. I t  was a common experience for a very 
low result to be followed by a higher one, occasionally higher 
than the theoretical. As a rule, the results on known com
pounds have run high, following a number of failures with 
the difficult types. The tube as well as the temporary copper 
oxide filling required a vigorous and lengthy burning before 
accurate results on known compounds were again obtained.

T a b l e  I. T y p ic a l  A n a l y s e s

Regular 
M icro-D um as,

Com pound
Q uartz Tube 

and  High H eat
Special
M ethod Theory

2-Thio-4-oxy-6-amino- 26.22 29.53 29.44
pyrim idine 28.28 29.59

27.61
4-E thoxym ethyl-5-m ethyl 16.04 16.86 16.65

6-oxypyrim idine 
Vitam in Bi

16.19 16.92
16.25 16.53 16.62
16.12 16.69
16.07°
16.00°
15.83°

2-4-Dim ethoxy-5-brom o- 12.36 12.80 12.79
pyrim idineb 11.74 12.89

10.71«
11.33«

Cytosine^ 36.57 37.70 37.84
32.13« 37.74
35.05*

° R esults taken  from a paper by  W intersteiner, W illiams, and Ruehle (5). 
b Supplied through the courtesy of G. E . H ilbert, B ureau of Chem istry 

and Soils, U. S. D epartm en t of Agriculture.
c Results taken  from a  paper by M ilner and Sherm an (£).

After the copper acetate had been used for some time the 
results were fairly reasonable if no more copper acetate was 
used, but the tendency still was for the results to be low so 
that it did not seem practical to dispense with the new 
method. Starting with a new combustion tube and an entirely 
new filling, results will always be low, as shown in the table.

I t  was also found that if the sample was weighed in a cop
per boat and burned in the combustion tube in contact with 
the metallic copper, the results would be higher than normal 
but erratic. This method was not practical for the analysis of 
such compounds. I t  would seem that the copper might have 
some catalytic property that aids the normal combustion.

I t  is difficult to make any generalizations as to what type 
of pyrimidine may give a low nitrogen by the regular Dumas 
method. Countless pyrimidines have been analyzed success
fully, as a study of the literature will show. As more com
pounds are found which prove hard to analyze, some satisfac
tory correlation may be found.

L iteratu re  Cited
(1) G rew e, R., Z. physiol. Chem., 242, 89 (1936).
(2) Milner, R. T ., and Sherman, M. S., I n d . Eno. C h e m ., Anal. E d.,

8, 331 (1936).
(3) Pregl, F., Fyleman, E., "Q uantitative Organic M icroanalysis,”

2nd ed., Philadelphia, P . Blakiston's Son & Co., 1930.
(4) W indaus, A., Tschesche, R., and Ruhkopf, H .,  W ochschr. Get.

Ji’ttfS. Göttingen I I I  Chemie, No. 22, 342 (1932).
(5) W intersteiner, O., Williams, R . R., and Ruehle, A. E ., J .  Am.

Chem. Soc., 57, 517 (1935).
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The Determ ination o f Sulfate Ion
T he M icrovolum etric Chrom ate M ethod

G EO R G E G. MANOV A N D  PA U L L. K IR K , U niversity  o f  C alifo rn ia  M edical S choo l, B erkeley , C alif.

T h e  m icro v o lu m etr ic  ch ro m a te  m eth o d  
for su lfa te s  h a s b een  in v estig a ted  by a 
sep ara te  s tu d y  o f  th e  effect o f  variab les on  
each  step  o f  th e  procedure.

I t  h a s  b een  fo u n d  th a t  th e  u su a l ch ro
m a te  m eth o d s co n ta in  several errors, n o ta 
b ly  th e  co -p rec ip ita tio n  o f  ch ro m a te  io n  
w ith  b ar iu m  su lfa te , and  th e  oxygen  error 
in  th e  io d o m etr ic  d e term in a tio n  o f  d ich ro
m a te . P rocedures have b een  developed  to  
m in im iz e  th ese  errors and  to  e lim in a te  
th em  co m p lete ly  in  so m e cases.

M ICROVOLUMETRIC methods for sulfate determina
tion have been based on the titration with standard 

barium salts using rhodizonic acid (17) or tetrahydroxyquinone 
(15, 16) as indicator, and on the chromate method, the 
original form of which is due to Andrews (2).

Rhodizonic acid has been found by Schroeder (15) and 
others (8, 9, 14) to be undependable as an indicator, and 
tetrahydroxyquinone cannot be applied to solutions much 
below 0 .1  N, as has been found in this laboratory (unpublished 
data) and elsewhere (1,9).

The chromate method has been studied by Bruhns (5), 
Foster (7), Gibson and Caulfield (9), Kolthoff (11), Morgulis 
and Hemphill (18), and others, and has been widely used in 
various forms as a micromethod.

In extended research and class use of micromethods for 
chromate, constant irregularities have been observed. These 
could not be definitely traced, because of the large number of 
possible errors. Results could often be reproduced to within 
=*=0.3 per cent, but the absolute error was usually —5 per cent 
or more. There are numerous possible errors in the theory 
of most of these methods—e. g., co-precipitation of chromate 
ion with the barium sulfate and barium chromate, oxygen 
error in the determination of the soluble chromate, reduction 
of the dichromate by chloride ion in acid solution, and precipi
tation of other barium salts in alkaline solution—e. g., car
bonate, etc. Thus, the published results may have involved 
counterbalancing of unknown and perhaps large errors.

Micromethods were used in this study in order to make more 
easily discernible the possible magnitude of errors inherent in 
the common volumetric chromate methods for sulfate, with a 
view to their elimination or control.

Bray and Miller (3) found that when sodium thiosulfate 
solutions were standardized iodometrically against potassium

dichromate, the order of addition of reagents played an im
portant part. If the iodide was added to the acidified di
chromate, the liberated iodine corresponded very closely to 
the theoretical. If, however, the dichromate was added to the 
acidified iodide, an excess of about 0.4 per cent of iodine was 
liberated, probably through oxidation of the iodide ion by 
dissolved oxygen of the air. Bray and Ramsey (4) found the 
same effect in the reduction of vanadic acid by iodide and, by 
systematic investigation, were able to magnify the errors up 
to 1200  per cent in the initial stages of the reaction.

E xp erim en ta l
All solutions are made up from freshly boiled distilled water 

and stored under an atmosphere of nitrogen (99.5 per cent purity) 
to  eliminate the effect of dissolved oxygen. All titra tions were 
performed in glass-stoppered flasks, the atmosphere within being 
altered a t will. Potassium dichromate was used directly for prepa
ration of a 0.01000 N  solution. T hat the pure compound can 
serve as a  prim ary standard has been shown by Bray and Miller
(3) and m any others, and has been amply cross-checked in this 
laboratory by standardization of the same thiosulfate solution 
against pure potassium iodate from two sources. Six normal 
sulfuric acid was boiled for a  few minutes, cooled, and bottled. 
F ifty  per cent aqueous potassium iodide was prepared from the 
chemically pure salt. Sodium thiosulfate solution was prepared 
approximately 0.01 N  from the pure salt.

O x y g e n  E r r o r . The thiosulfate solution was standardized 
in various ways, using 0.01000 N  dichromate solution as the 
primary standard. Ten milliliters of the dichromate, 2 ml. 
of the iodide, and 2 ml. of the 6 N  sulfuric acid were added in 
various orders, and the liberated iodine was titrated with the 
thiosulfate, using 1 ml. of freshly prepared starch solution as 
indicator.

In Table I  is shown the effect of order of addition of reagents 
on the oxygen error. The operations were performed rapidly, 
the total time required for a run being approximately 4 min
utes. These results indicate that, if all the operations are 
performed rapidly, the order of addition of reagents plays no 
part when the atmosphere is either nitrogen or air. With an 
oxygen atmosphere, there is a distinct increase in the quantity 
of the iodine liberated.

The data of Table I I  show that time and the order of addi
tion of reagents definitely affect the oxygen error. If di
chromate is added last in air, 10 minutes’ standing will in
troduce up to 2 per cent, and 30 minutes up to 4 per cent 
error. This definitely indicates the probability of measurable 
errors in the usual iodometric procedure. The tabulated re
sults form only a portion of the confirmatory observations 
which were made. Bruhns (5) found that atmospheric oxida
tion played no role. Kolthoff (12) confirmed this finding with 
proper experimental conditions, but found that increased

T a b l e  I. E f f e c t  o f  O r d e r  o f  A d d it io n  o f  R e a g e n t s  u p o n  
t h e  O x y g e n  E r r o r

Order of A ddition
N orm ality  of Thiosulfate

N j atm osphere Air Oa atm osphere
D ichrom ate, iodide, acid 0.009S8 0.00986 0.00980

0.00988 0.009S8 0.00978
Iodide, acid, dichrom ate 0.009S8 0.00987 0.00979

0.00976
Acid, iodide, dichrom ate 0.00988 0.00988 0.00977

0.00977
D ichrom ate, acid, iodide 0.00987

0.00989
0.00988 0.00979

0.00977
Acid, d ichrom ate, iodide 0.00989 0.00989 0.00977

0.00976

T a b l e  II. E f f e c t  o f  T im e  a n d  O r d e r  o f  A d d it io n  o f  R e
a g e n t s  u p o n  t h e  O x y g e n  E r r o r “

N 2 A tm osphere Air A tm osphere Oi A tm osphere 
O rder of Addition Tim e N  Tim e N  T im e N  

M in. M in . M in .
D ichrom ate, acid, iodide 0 .5  0.00987 0 .5  0 .00988 0 .5  0.00978

30 0.00988 10 0.00986 45 0.00941
Acid, iodide, d ichrom ate 0 .5  0.00988 0 .5  0.00988 0 .5  0.00977

45 0.00987 10 0.00972 45 0.00916
30 0.00942

a T he first tw o reagents were mixed and  allowed to  s tan d  various lengths 
of tim e as indicated. T he th ird  reagen t was added, allowed to  s tan d  5 
m inutes, and the  solution titra te d  rapid ly  w ith thiosulfate.

198
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T a b l e  I I I .  P r e c i p it a t io n  o p  B a r iu m  C h r o m a t e

Blank, Ml. of 0.01081 ¿V 
Tim e of Digestion Thiosulfate

Min.
Series 1, Am m onia M ade from c. p. Ammonium Hydroxide 

5 0.233
15 0.293
60 1.053

Series 2, C arbonate-Free Ammonia 
5 0 .228

15 0.248
60 0.218

T a b l e  IV. A d s o r p t io n  o f  C h r o m a t e  I o n  b y  B a r iu m  C h r o 
m a t e  i n  F a in t l y  A m m o n ia c a l  S o l u t io n

N orm ality  of C hrom ate in F iltra te  Adsorption
%

0.00298 (theoretical) None
0.00298 0 .0
0.00299 - 0 . 3
0.00296 0 .6
0.00298 0 .0
0.00297 0 .3
0.00298 0 .0

Av. 0 .1

acidity caused an appreciable oxygen error. These correct 
conditions have not been used in many of the published sul
fate methods. In all subsequent titrations reported, the 
dichromate has been detennined by adding iodide ion to 
acidified dichromate always in an atmosphere of nitrogen. 
This will henceforth be termed the “nitrogen method.”

Many unreported determinations were also made using 
standard ferrous ammonium sulfate (Mohr salt) solution to 
titrate the dichromate directly to the end point of barium 
diphenylamine sulfonate. These values checked very closely 
with the data of the nitrogen method, and no oxygen error 
was found, thus confirming Bray and Ramsey (4).

P r e c i p i t a t i o n  o f  B a r i u m  C h r o m a t e . Experiments were 
performed to determine the digestion time required for the 
complete precipitation of barium chromate from a faintly 
ammoniacal solution. Ten milliliters of water and 5 ml. of 
acidified barium chromate (0.06 mole dissolved in 1 liter of 
0.4 N  hydrochloric acid) were pipetted into a 25-ml. volu
metric flask and brought to boiling, and 2  ml. of 6  N  ammo
nium hydroxide were carefully added. The precipitates were 
digested for various lengths of time, the contents of the flask 
cooled, made up to volume, and filtered, and a 10-ml. aliquot 
was taken for titration of the chromate. This method gave 
the blank due to the reagents, shown in Table III, series 1.

Lengthened digestion time should have decreased the 
blanks because of more complete precipitation of barium 
chromate. The results found were due to carbonate ion 
contained in the ammonium hydroxide as shown in series 
2 . Carbonate caused the reaction, BaCrO< (s) +  CO3 = 
BaCC>3 (s) +  C r04— to approach equilibrium. The approxi
mate equilibrium constant of this reaction is K  =  (CrO* ) /  
(CO3—) =  0.126 at 100° C. The effect of carbonate ion was 
eliminated by use of carbonate-free ammonium hydroxide, 
prepared by distillation of the commercial product from 
barium chloride. The data of series 1 were obtained by 
use of a fresh bottle of ammonia which probably contained 
little carbonate. The authors find no reference to this point 
in the literature.

A b s o r p t i o n  o f  C h r o m a t e  I o n  o n  B a r i u m  C h r o m a t e . In 
most volumetric chromate methods for sulfate, the excess 
barium is precipitated as chromate from a faintly alkaline 
solution. The question of adsorption of chromate ion on this 
precipitate was studied separately by the following experi
ment:

An accurate 0.01 N  solution of barium  chloride was prepared 
by weight and found by standardization against silver n itrate 
to be 0.01002 N . In to  a 25-ml. volumetric flask, immersed in a 
boiling w ater bath , were pipetted 4.988 ml. of this barium  chloride 
solution and 14.950 ml. of the standard  0.01000 Ar potassium 
dichromate. After several minutes, the solution was made 
faintly alkaline w ith carbonate-free ammonium hydroxide, and 
digestion continued for 15 minutes. The flask was cooled, and 
the solution was made up to volume and then filtered through a 
dry No. 40 W hatm an’s paper. Ten-milliliter aliquots were ti
trated  using the nitrogen procedure. The theoretical norm ality 
was calculated on the assumption th a t the formula of the pre
cipitate was BaCrOi, and th a t no adsorption had occurred. The 
data are shown in Table IV.

I t  is seen that chromate ion is not adsorbed on barium 
chromate within experimental limits.

P r e c i p i t a t i o n  o f  B a r i u m  S u l f a t e . Experiments were 
performed to determine the digestion time necessary for the 
complete precipitation of barium sulfate from barium chro
mate solution. Several 9.978-ml. portions of 0.00985 M  
potassium sulfate were pipetted into different 25-ml. volu
metric flasks which were placed in boiling water. After a 
few minutes, 5 ml. of acid barium chromate were added 
dropwise, and the barium sulfate was digested for various 
lengths of time. The subsequent neutralization, digestion, 
filtration, and titration were performed as described above.

Digestion for 5, 15, and 60 minutes gave the same results 
within a variation of ±0.3 per cent, indicating that the pre
cipitation of barium sulfate was independent of the time of 
digestion, within the limits stated. I t  did not necessarily 
indicate that all of the barium sulfate had been precipitated, 
for it was first necessary to show that the reaction, BaSOt 
(s) +  CrO^- -  =  BaCrO< (s) +  SO4 , did not take place. 
Small portions of the filtrates above described were acidified 
and tested for sulfate ion with barium chloride. None was 
found, indicating that the reaction did not reverse during 
one hour’s digestion.

Another experiment was performed as follows:

Barium sulfate was precipitated as in the preceding section, and 
digested for 15 minutes to  ensure complete precipitation. Then 
2 ml. of 6 N  carbonate-free ammonium hydroxide and 3 grams of 
pure potassium dichromate were added, giving 1.3 M  chromate 
ion, about 125 times th a t ordinarily liberated by the sulfate. 
This solution was digested for 5 hours, cooled, filtered, acidified 
w ith hydrochloric acid, and tested with barium  ion. Only a very 
faint opalescence was observed. I t  may be sta ted  tha t, under 
the conditions of the ordinary sulfate determination, the reaction, 
BaSO< (s) +  CrO<—  =  BaCrOt (s) +  SO4 , does not proceed. 
This confirms the results of Kolthoff (11)- At this stage of the 
investigation, twelve analyses were run by the method described 
under “precipitation of barium sulfate.” The results were 
reproducible to within 0.4 per cent- but the absolute error was 
— 5.5 per cent.

The effect of neglecting the volume of the precipitated 
barium sulfate and barium chromate in the 25-ml. volumetric 
flask amounted to 0.02 per cent and 0.07 per cent, respectively, 
and from the change in solubility of barium sulfate with ionic 
strength in faintly alkaline solutions it was calculated that 
all but a negligible fraction of the barium sulfate was precipi
tated in the presence of excess barium ion.

C o- p r e c i p i t a t i o n  o f  C h r o m a t e  I o n  w t t h  B a r i u m  S u l 
f a t e . I n  the usual chromate procedure, barium sulfate is 
precipitated in the presence of chromate ion, and co-precipita
tion of the latter is likely to occur. The effect has been 
studied by Kolthoff (11), but his interpretation appears to 
be doubtful, owing to the possible reduction of the dichromate 
ion by acidified chloride ion. At the suggestion of W. C. 
Bray, perchloric acid was used to reinvestigate the co
precipitation effect. Solutions of 0.1 N  potassium sulfate 
and 0.1 N  barium perchlorate were prepared, and the pro
cedure was carried out as follows:
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One milliliter of the sulfate solution was pipetted into a  25-ml. 
flask and various am ounts of 60 per cent c. p. perchloric acid and 
9.962 ml. of 0.01000 N  potassium dichromate were added. The 
flask was placed in a beaker of boiling water and, after a few 
minutes, 0.9 ml. of the barium perchlorate solution was added. 
Digestion was continued for 15 minutes, and the subsequent 
operations were performed as previously described.

T a b l e  V. E f f e c t  o f  A c id  C o n c e n t r a t io n  o n  C o- p r e c i p it a 
t io n  o f  C h r o m a t e  I o n  w i t h  B a r iu m  S u l f a t e

Acidity a fter P recip itation  of All BaSOi Co-precipitation
A' %

Series 1, Perchloric Acid
1 .0  (no Ba + + added) None
0 .01  29 .7
0 .1  4 .4
1.0 1 .5  

Series 2, Hydrochloric Acid
(Apparent)

0.1 6
0 .8  7
1.4 10.5

T a b l e  VI. A d s o r p t io n  o f  C h r o m a t e  I o n s  o n  P r e f o r m e d  
B a r iu m  S u l f a t e

N orm ality  of C hrom ate Adsorption
%

0.00591 (no B a++ added) None
0.00591 0 .0
0.00589 0 .3
0.00591 0 .0
0.00589 0 .3
0.00588 0 .5

Av. 0 .3

The results in series 1 showed that chromate ions co
precipitated with barium sulfate even at concentrations as 
low as 4 X 1 0 N.  While barium chromate might have 
precipitated at the lowest acidity, there was still marked co
precipitation even in approximately normal acid. This, then, 
was the cause of the low results which the authors had always 
observed in the application of the chromate method.

As is well known, chloride ion in acid solution reduces 
dichromate ion, and the acid barium chromate solution should 
be made up with perchloric, not hydrochloric acid. Failure 
to observe this precaution resulted in large errors, as shown in 
series 2. The increased acidity decreased the co-precipitation, 
but increased the reduction of dichromate ion, yielding the 
“apparent” values listed in the table. Chloride ion is evi
dently a definite interfering factor in the usual chromate 
method.

A d so r ptio n  o f  C h ro m a te  I on  on  P r efo r m e d  B a r iu m  
Stjlfa te . The experiments described under “co-precipita
tion of chromate ion with barium sulfate” were repeated, 
except that the standard dichromate solution was added 
after precipitating barium sulfate and making the contents of 
the flask alkaline. Within the limit of experimental error, 
chromate ions were not adsorbed on preformed barium sulfate.

Other possible sources of error investigated and found to 
have no effect ( ± 0 .2  per cent) were filtration of standard 
potassium dichromate through Whatman’s No. 40 filter paper, 
and addition of solid ammonium chloride to the cold di
chromate to the extent of 10 per cent, since it was thought 
that ammonium dichromate might spontaneously decompose. 
Boiling 0.01 N  potassium dichromate solutions in air for 1 
hour entailed 0.7 per cent loss of hexavalent chromium, but 
boiling 10 per cent ammonium chloride solutions of potassium 
dichromate under the same conditions gave no increased 
loss of hexavalent chromium. Hydrochloric acid rapidly 
reduced hexavalent chromium at approximately 100° C., but

the reaction was not autocatalyzed by the presence of large 
amounts of trivalent chromium ion.

D iscu ssio n  o f  R esu lts
From the results of the above experiments, it is evident that 

most of the published methods contain errors in the theory 
of their application. High results for sulfate and the methods 
in which they are obtained may be given by oxygen error 
(2, 6, 7, 11, IS), reduction of dichromate ion by chloride ion
(9), and carbonate in the added base (all methods). The 
causes of low results are oxygen error (9), co-precipitation of 
chromate ion with barium sulfate (2, 6, 7, 9, 11, 18), and re
duction of dichromate ion by acidified chloride ion (2, 6, 7, 
11, IS).

The objection to the presence of counterbalancing errors 
is raised not because they exist per se, but because variations 
in the technic of individual workers on the same method yield 
results whose reproducibility may be satisfactory, but whose 
absolute accuracy may vary significantly.

Of the existing methods, the procedure of Gibson and 
Caulfield (9), of which only the barest details have been 
published, appears to be the most promising. With certain 
modifications, it should be possible to avoid most or all of the 
systematic errors. In their procedure, if the precipitation of 
the barium sulfate is carried out in about 0.1 N  perchloric 
acid and carbonate-free ammonia added, the excess chromate 
which is subsequently added will not be co-precipitated or 
adsorbed by either the barium sulfate or barium chromate. 
Neither will it be reduced by chloride ion in hot alkaline solu
tion, since the chloride is later removed in the filtration. If 
the Emich filter stick or a sintered glass filtered stick (10) 
is warmed in dilute (2  N) perchloric acid and the chromate 
determined by the “nitrogen method” or by titration with 
standard Mohr salt, which involves no oxygen error (4 and 
unpublished data), such a procedure should be a distinct 
improvement on the existing methods. Preliminary work 
indicates this to be the case, and further work is in progress 
on such a revised method. The authors have been forced to 
the conclusion that there exists a t present no entirely satis
factory microvolumetric chromate method for sulfates.
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The 1937 Sargent Scientific Laboratory Apparatus Catalog N o . 50 , 
containing 1246 pages and Chemical Reagent Catalog N o . 55 , containing 275 
pages bring to you the most complete and extensively varied lines of chemi
cal laboratory supplies on the present market.

A  non-duplicating system eliminates errors and confusion; the complete and 
comprehensive character of these catalogs confines necessary reference in almost 
every case to a single source,- all assemblies are analyzed by the catalog numbers 

of component parts to increase efficiency of purchasing and to permit more practical methods of 
storing assemblies; illustrations and fully descriptive bold titles for every item facilitate rapid identifica
tion; permanent numbering eliminates obsolescence of files and records based upon the Sargent Catalog.

Throughout the apparatus catalog are a great quantity of completely new  or radically redesigned equip
ment which introduces either a new  order of magni
tude in precision of measurement or higher standards 
of efficiency.

The completeness of these catalogs, which has no 
parallel at the present time; together w ith their ex
treme adaptability to the systemization of all functions 
in which they are applied, make them the most prac
tical buying mediums of laboratory apparatus on the 
present market.

Standardize — Simplify
R E Q U IS IT IO N IN G  - P U R C H A S IN G  - ST O C K  K E E P IN G  W ITH  Y O U R  S A R G E N T  C A T A L O G S

5HRGEÜT
L R B O R R T O R y  S U P P L IE S  
E H .S n R G E tlT  H P D  C O IT IP n n H
1 5 5  E R S T  S U P E R I O R  S T . ,  C H I C A G O

YOUR 1937 SARGENT CATALOGS 
COMPLETE-COMPREHENSIVE

ADAPTABLE TO EVERY ORGANIZATIONAL 
REQUIREMENT
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I S j e w  

1 \  D u al
Tube Furnace

The SE N TR Y  DUAL T U B E 
H IG H  T E M P E R A T U R E  FU R 
N A CE, companion to the popular 
M odel V single tube furnace, is now 
ready for delivery.

The same features of sturdiness 
and dependability, the same long
life refractories and insulating m a
terials, the same heating elements 
are embodied in the new Dual 
Tube Model.

W rite for complete information 
and prices.

W. J. GILMORE DRUG CO.
Laboratory A pparatus Division  

422 Blvd. of the Allies 
Pittsburgh, Pa.

When You Buy 
an Electric Hot Plate

Consider the 
Advantages o f 

Cooky Hot Plates

There is no m etal top pla te  to warp or 
baffle the heat. T he heating elem ents 
themselves are the supporting surface 
for the vessels.

Vessels are heated quickly and effi
ciently, because they are in d irect con
tac t w ith the heating units.

Really extraordinary service life is 
secured because the heating units are 
protected.

Furnished in five standard  sizes a t 
reasonable prices.

For fu rther details consult your dealer.

Cooley Electric 
Manufacturing Corp.

In d ian ap o lis, In d ian a

Manufacturers of electric heating  
equipm ent for the laboratory.
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Dependability

M eets A . C . S . S p ecifica tion s

M a x im u m  L i m i t »  o f Im p u r i t la *

C h lo r id e  ( C l )   -0 .0 06  f t
H m t y  M e t a l .  ( U  P b )  0.006 ft
X & ao lub lt I n  N H 4O H  ....................0.010  ‘i i
Phosphate (PO O  . O.OOOfitt
S u lp h a te  (SO<)..............................  0.20 f t

P 1*? r « a g « n t  c o m m o n ly  k n o w n  m  
a c id  m o ly b d lc  8 5 % ' '  e o n a l iU  i a r f t l f  

? ;  * n u » o n lu m  m o ly b d a t e .  W h e re
i , .  »01? . i r o m  a m m o n ia  is  re q u ire d ,
-^e A c id  M o l jb d ic  A n h y d r id e  A . R - 
(A m m o n ia  f r e e ) .

Control
The outstanding Characteristic of

MALLINCKRODT ANALYTICAL REAGENTS

Industry turns to the research laboratory for new materials and new processes to 
adequately supply the needs of advancing civilization; and to the control laboratory 
for maintenance of quality standards. To faithfully discharge these duties, the re
search chemist and the control chemist must know the exact degree to which they 
can rely upon their reagent chemicals.

Mallinckrodt Analytical Reagents are manufactured to conform to predetermined 
standards of purity— the standards of the A. C. S. Committee. M aximum lim its of 
impurities are listed in the Mallinckrodt Catalog and on every Reagent label. T h e  
c h e m is t  k n ow s in  advance th e  exact p u r ity  o f  th e  rea g en t h e  is  u s in g , and  
h e  k n ow s th a t  every su b seq u en t lo t  o f  th a t  M a llin ck rod t R ea g en t w ill be o f  

p recise ly  th e  sa m e p u r ity .

Laboratory supply houses throughout the country can supply you promptly with 
M allinckrodt Reagents. A complete catalog of Analytical Reagents and listing of 
distributors will be mailed upon request.

St- Louis M  /  J t  New y ° rk
Chicago Montreal

Philadelphia C H E M I C A L  W O R K S  Toronto

M A LLIN C K R O D T  A N A L Y T IC A L  R EA G EN TS Are Purified To Meet PREDETERMINED STA N D A R D S
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M S IO N

L a b o r a t o r y  / \ c t i v i t y
Flour Ash ing  Capsules . .  , ^

^ . .. will benefit

b y  using

r u  a . p . w .

W
 PLATINUM WARES

W hether your analytical control or re
search w ork finds you in a Coking Plant, 
Steel M ill, modern Health or any other 
Testing Laboratory, you can always de
pend on the high efficiency and quality 
of A . P. W . Platinum Laboratory Wares.

You can always speed up your 
chemical operations by using 
our platinum wares.

^  To provide the necessary, requi- 
9  site accuracy for your analytical 
■ problems A .P .W . W ares are 
F made either of highly refined 

metal "Specia l refined Platinum" 
or of "C ru c ib le  Platinum," which 
is special refined platinum alloy 

W ine and Water Ashing Dishes w ith 0.1 to 0 .4 %  Iridium or

Rhodium of the C . P. grade. 
Proper construction methods 
— hand hammering— are giv
ing our wares the maximum 

Combustion Boats for strength and stability. They
Steel A nalyses arealways constant inweight.

They are economical consid
ering their high utilitarian 
value, their long life and high 
ratio of returnable value.

-UCARÁOTROL-B]

Crucibles for V o la tile  Matter 
in Coke and CoalA furnace CONTROLLER . . .

— at the COst of a P Y R O M E T E R !

Saving $1.49 Per Week
the Capacitrol soon pays dividends in current saved. A  
typical installation on a Hevi Duty 56 muffle furnace, at 
1650° F., shows a 49.7 KW H  REDUCTIO N  in current 
used . . . .

Rheostat ond W H E E L C O
Pyrometer (C o ntro lled )

Current Used 110 KW H  60 .3  KW H  

Indicates tem perature continuously
and the pyrometer circuit never makes electrical contact 
the mercury switch really is built in to handle line current 
. . . .  no sticking contacts!

For accuracy, therm ionic
(vacuum) tube amplification is employed. No rheostat or 
pyrometer is required. The capacitrol may be attached to 
your old furnace.

Overheating is elim inated
which prevents loss of samples . . . .  and IN CREASES the 
life of the heating elements of your furnace.t W R ITE FOR

W A C O  C A T A L Y S T , V o l. Ill , our 
booklet which describes the W heelco 
Capacitrol and also the W A C O  Elec
trolytic Apparatus for micro and macro 
electrolytic determinations . . . .  as w e ll 
as the new  Coleman pH Electrometers. 
Tell us please, if you wish to be placed 
on your regular mailing list!

L A B O R A T O R Y  S U P P L I E S  AND C H E M I C A L S

U/ILKENSANDERSONfO

W e make a great variety of Crucibles 
and dishes— plain, offset or other re
inforced rims, regular and special 
heavy bottoms.

Platinum Wares Remade 
or Exchanged

È i ' J  A s k  for Catalog #F-16
If interested in micro wares— Leaflet F-M

Electrodes for Copper and •

Lead Determinations W E  |N v i t e  Y O U R  IN Q U IR IE S

The AMERICAN PLATINUM WORKS
N .J .R .R . A V E .  A T  O L IV E R  ST.

N EW A R K , N. J.

Refiners and Manufacturers of Platinum, G o ld  and Silver
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O n ly  a few  decades ago, ounce bottles  
and tank cars were not on ly  m easures 
o f  q u a n tity  . . . bu t m easures o f  qu a lity  
as w ell.

T h is  is no longer true, due largely to  
th e  p ioneering  d evelopm ent o f  new pro
d u ction  m eth od s b y  Baker 8C A dam son.

Baker &  A d am son  was fou n d ed  in 1882  
w ith  th e  unique purpose o f  satisfy ing  
b oth  laboratory and com m ercial require
m ents for fine chem icals. M ore exact 
m ethods o f  chem ical m anufacture were

d e v e lo p e d  an d  th e s e  m e th o d s  w ere  
extended  to  large scale production .

B y adhering to  these p ioneering prin
ciples, Baker & A dam son  has been able  
to m ake im portant advancem ents in  the  
standards o f  chem ical purity .

T o d a y  Baker 8C A dam son  is arm ed w ith  
ingenious techniques for th e  quality  con
trol o f  bulk production . T h e y  can supply  
reagent grade chem icals and C. P . acids 
at prices that m ake their use in com 
m ercial processes econom ically  sound.

S E T T I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2  “T J

Ba k e r  A d am so n
Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York L . K  tTC&iS
Atlanta.  Baltimore • Boston • Buffalo • Charlotte • Chicago • Cleveland • Denver • Houston • K ansas  C ity 'lo s  Angeles • Minneapolis • Philadelphia • Pittsburgh .  Providence • San Francisco • St. LouiJ
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GUARANTEED OVEN PERFORMANCE
O n ly  Despatch Cross Flow Forced Draft O vens, 
built by pioneers in the laboratory oven field, give
you G U A R A N T E E D  P E R F O R M A N C E .

W h y?

Because only scientifically designed Despatch 
Cross Flow Forced Draft Ovens guarantee you—

•  1 °C. i  interior oven uniformity
•  1°C . i  temperature control accuracy
•  Quick recuperation of operating temperatures 

after loading
•  Fast preheating to operating temperatures
•  Genuine high speed processing
•  Greater accuracy over a wide operating range.

Check Despatch O ven performance for yourself. 
A sk  any user. If you are still skeptical, any stand

ard oven will be sent to you on ten day free trial. Test it any way you like. Convince yourself.

Select a Despatch O ven for your requirements. There are many standard models from which to 
choose. A n y  special size will be quoted promptly.

Write today for Despatch bulletin illustrating and describing the ovens with the G U A R A N T E E D  
P E R F O R M A N C E  for obtaining accurate research and control data.

DESPATCH OVEN COMPANY
624 Ninth St., S. E. Pioneer Laboratory Oven Builders S ince 1902 Minneapolis, Minn.

A  complete line of of Drying O vens— Sterilizers— Incubators— A g ing  Cabinets

A  NEW 100-PLATE 
SEMI-AUTOMATIC 
BUBBLE CAP STILL

I t  is our aim to construct all apparatus so 
that they serve their purposes to the satis
faction of the user.

Men of long experience embody conscience in 
every instrument. For example, all the 
bubble cap stills we have made are all work
ing satisfactorily and we may add that so far 
we have had no breakage in shipping, even in 
far distant deliveries.

Besides giving the trade a complete service 
for their laboratory needs, we specialize in 
making the newest and best apparatus.

Your inquiries will be gladly answered.

O t t o  R. G r e i n e r  C o m p a n y
55 PLA N E STREET, NEW ARK, N. J. 

Te l e p h o n e  H U m b o l d t  2-5884-5

R e f l u x

R e g u l a t o r

?
T r a n s i t e

J a c k e t
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Determination of Potassium
R EA G EN T—Dipicrylam ine

M ETH O D —Quantitative precipitation as insoluble potas
sium dipicrylaniine

A D V A N TA G ES—Speed . . .  A c c u ra c y .. .  No interference . . . 
Rapid  filtration and washing

R E F E R E N C E —W inkel and M aas, A n g e w a n d te  C hem ie 4 9 , 
\V±7  ( 1936 )

An accuracy of ±  0.5%  potassium is possible with this m ethod 
even in the presence of large am ounts of sodium. The granular 
precipitate obtained is easily filtered, washed, and dried to con
stan t weight. Details of the m ethod will be forwarded prom ptly.

E astm an Dipicrylamine— recently added to the list as Chem
ical No. 4402, 10 gms., $2.00— is prepared especially for such 
analytical work. Eastm an K odak Company, Chemical Sales 
Division, Rochester, N . Y.

E A S T M A N  O R G A N I C  C H E M I C A L S

MICRO-CHEMISTS

M25

STANDARD APPARATUS 
SPECIAL DESIGNS 
CHEMICALS

A gradual trend toward micro-chemical determ inations in the 
modern industrial laboratory  has brought out new and more effi
ciently designed apparatus. Distilling apparatus has been im
proved greatly by being m ade com pact and efficient.

Illustrated is our new 
Micro-Distilling Ap
paratus No. M 25 em
ploying many note
worthy features.

Compact
Constant Tem perature colum n, glass spiral 

packed
Attached condenser cooled sim ultaneously w ith  

receiving flask.

This apparatus is constructed entirely of pyrex glass w ith interchange
able ground glass jo in ts  conforming to Standards CS 21-36.
We have established a departm ent to be devoted entirely to micro-chem- 
istry  in order to continually place before the chemist new m icro-equip
m ent and methods. All chemists interested in the latest in micro
chem istry, are requested to place their name on our mailing list.

SCIENTIFIC GLASS APPARATUS CO.
Bloomfield New Jersey
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B u r r e l l  T e c h n i c a l  S u p p l y  C o . P i t t s b u r g h , P a .

Choose  the apparatus exactly suited to your current 

needs— alter it later if you desire.

Th e new  Burrell ^Build-Up”  models may be had in 

portable and laboratory styles in almost endless 

combinations.

WRITE NOW FOR NEW CATALOG

N e w G a s A n a l y s i s  A p p a r a t u s

Standard-Burrell
“Build-Up” Models

V | T  A  Ii . J k  I fekl CJ Second Edition
m r U  I  1^ 1 Revised and Enlarged

H. C. SH ER M A N  and S. L. SMITH
'"P H IS  work undertakes to  tre a t its field both broadly and thoroughly, each of the six vitam ins now generally recog- 

nized being discussed in its various aspects— the physical properties, the evidence as to  purely chemical nature, 
the biological relationships and occurrence in nature, the methods of determ ination, the distribution in foods, and the 
significance as a factor in food values and relation to  nutrition and health.

The volume is designed to serve agriculturists, biologists, chemists, dietitians, food manufacturers and their 
technologists, home economics and nutrition workers, physicians, teachers, and many other readers interested in the 
present-day development of science and in the problems of food and health. To m any students in this varied field, 
the bibliography alone may well be worth the price of the book.

525 Pages, I llu stra ted , A .C .S. M onograph, t6.00 

♦  ♦  ♦  ♦  ♦

V E G E T A B L E  F A T S  and O I L S
The Chemistry, Production and Utilization o( Vegetable Fats and O ils for Edible, Medicinal and

Technical Purposes
by G EO R G E S. JA M IESO N , Ph.D.

T T  CONTAINS a large quantity  of selected data  and other facts on the sources of these products, their characteris- 
tics, composition, properties and uses, including also those of oil-mill and refining by-products. Commercial and 

laboratory processes for the preparation and extraction of fats and oils from oleaginous seeds, clarification, bleaching, 
deodorization, hydrogenation, refining and other treatm ents in special cases are discussed. A ttention has been paid 
to  grades and specifications covering both crude and refined oils.

M ethods are given in detail for the sampling and examination of seeds, oils, fats, press cake and meals as well 
as tests for evaluation purposes and for the detection of adulterants.

This book is designed to  serve chemists, manufacturers and technologists, agriculturists, biologists, students, 
teachers and many other readers.

444 pages A.C.S. Monograph No. 58 $6.50

R E IN H O L D  P U B L IS H IN G  C O R P O R A T IO N , 330 West 42nd Street, New York, N . Y .
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A HP TH E present time new free energies, and more 
-*■ accurate ones, are being added to the literature 

at an accelerated pace. One of the fields in which these 
new data have been recently obtained, is that of the 
Aliphatic Hydrocarbons.

Mr. Parks’ paper entitled “The Free Energy Relations 
Among the Paraffin and Olefin Hydrocarbons,” prepared 
and read at the symposium on Chemical Thermody
namics held in San Francisco in August 1935, and re
cently printed in the “Chemical Review,” presents all 
the latest developments in this field, including especially 
the increasing use of cracking procedures and the 
utilization of Olefins in organic synthesis. Such data 
appear very timely and will, undoubtedly, aid in estab
lishing thermodynamics as one of the important tools for 
further advances in aliphatic organic chemistry.

R eprin ts of this review (10 pages) trim m ed to fit, 
will be shipped free w ith every copy of:

The FREE ENERGIES
of som e

ORGANIC COMPOUNDS
GEORGE SUTTON PARKS HUGH MARTIN HUFFMAN

Associate Professor of C hem istry #  A ssistant Professor of Biochem istry  
Stanford University California In stitu te  of Technology

A. C. S. MONOGRAPH No. 60
rT',HIS work brings together and presents in a usable, 

classified form all of the at present available free 
energy data on organic compounds. These data have 
been obtained from various sources and when possible 
are critically examined. Examples of the use of such 
data in handling the problems of the organic chemist 
and other possible uses are suggested.

Empirical methods of estimating free energies from 
the structure of a compound are given. This part 
should prove to be especially useful because of dearth 
of experimental data.

CONTENTS
Preface.
Some F undam ental T herm odynam ic Considerations.
N o ta tion ; F undam ental C onstants; and Some Generally Useful D ata.
T he Free Energies of Som e Paraffin H ydrocarbons.
T he Free Energies of Som e U nsa tu rated  A liphatic  Hydrocarbons.
T he Free Energies of Some Cyclic H ydrocarbons.
A C onsideration of th e  Free Energy R elations Among th e  H ydrocarbons.
T he Free Energies of Some Alcohols and Phenols.
T he  Free Energies of Some Acids C ontaining C arbon, H ydrogen and Oxygen. 
T h e  Free Energies of Com pounds of C arbon, Hydrogen and Oxygen O ther 

T h an  the  Alcohols, Phenols and Carboxylic Acids:
T he Free Energies of Some Organic Com pounds W hich C ontain N itrogen. 
T he Free Energies of Som e Organic Com pounds W hich C ontain a  Halogen 

or Sulfur.
T he Effect of M odifications in M olecular S tru c tu re  Upon the  M olal E n tropy  

and Free Energy. .
A Table of the  Free Energies of Some Organic Com pounds; and Six Exam ples 

Illu stra ting  th e  Use of Such D ata.
Appendix I. Some Useful N um erical Factors.
Appendix II . N otation .
Appendix I I I .  A N ote on the  C oncept of Entropy.
Appendix IV. A M ethod for E x trapo lating  Specific H eat Curves of Organic 

Com pounds below the  T em peratu re  of L iquid Air.
Subject Index.
N am e Index.

249 Pages Illustrated $4.50 

REINHOLD PUBLISHING CORPORATION
Successor to the The Chem ical Catalog Company  

330 W est 42nd Street New York, N. Y ., U. S. A.

FILTRATION PROBLEMS
solved by the use of

J E N A  Fritted G lass Filters
Advantages:
1. Insoluble (except to hy

drochloric acid and hot 
concentrated alkalies).

2. Complete visibility dur
ing filtration and extrac
tion.

3. Convenient and exact weighing.
4. Complete drying—constan t weight a t 100° C.
5. Large filtering surface.
6. Can easily be cleaned.
7. N ot affected by filtration of liquids such as Fehl- 

ing Solution, Ammonia, Concentrated Alkali 
Hydroxide and Concentrated Sulphuric Acid.

Gas W ashing Bottles with fritted  glass filter disc fused to  the 
side of the  glass tube. T he filter disc delivers a  stream  of u n i
form size bubbles through the  liquid. T he sire of bubble varies 
w ith the  porosity  of disc and the  na tu re  of the  liquid.
Gas D istribution  tube—-with fused in fritted  glass filter disc.

N um ber 
Porosity
Diam. of disc, mm.
T o tal height, mm.
C apacity , ccm.
Price

A t all leading laboratory  supply dealers. 
C a ta lo g u e  N o . 232 L E  a v a i la b le  o n  r e q u e s t ,

FISH-SCHURMAN CORPORATION, i50 E. 43rd St., New

No. 83 G

No. 33 cG
83 G O 83 G 1 83 G  3 33 cG

0 1 3 1 & 3
20 20 20 20

200 200 200 150
100 100 100

$9.50 $9.50 $11.00 $3.30

H ighest sensitiv ity : 
reading to  0.01 mg, 
and 0.001 mg by  
estim ation  of 20 g 
load.

S A R T O  R I U S  
MICRO-BALANCE M-1

With new optical reading device. Zero point 
adjustment from outside the case, (after Pregl)
3 14" beam : special alloy w ith  g raduations, p ro 
vided w ith  notches for accurate  p lacem ent o f rider. 
D iv ided  in to  100 divisions from  left to  righ t, from  
0 to  100. T h e  rider has to  be placed in 0 in case 
o f  unloaded balance. M oving th e  rider b y  one 
scale division corresponds to  0.1 mg. 1 ]/i" d ia. 
pans o f a rg en tan , p la tinum -p lated . R id er a d ju s t
m en t: double rider hook ac tu a ted  b y  ro ta ry  knob 
from  outside  o f case. C om pensating suspensions 
gold-plated.

Price, in oak cab in e t....................................... $216
in m ahogany [cab in e t.......................... $234

Particulars on request

Pfaltg & Bauer, Inc.
EM PIRE STATE BUILDING, N E W  YORK
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G o ld f is c h  
E l e c t r i c  H e a t e r

and

18 F l a s k  C a p a c i t y  C o m b in a t i o n  
' D ig e s t io n  a n d  D i s t i l l a t i o n  U n it

A ssociated Equipm ent
Has developed our superior equipm ent and a de
mand for its installation in the better laboratories

«mmP W
V V O  o o f

M ¿ I

6 C a p  C r u d e  F i b e r  
C o n d e n s e r

6 C u p  G o ld f is c h  
E x t r a c t i o n  A p p a r a t u s

T i t r a t i o n
T ab le

“Better Laboratory Equipment”
T w elv e  y ea rs  o f  sp e c ia liz in g  in  c o m p le te  u n it s

of

Kjeldahl Nitrogen Apparatus

I a

A c id  D is p e n s in g  
S t a n d  w i t h  S i n k

i Catalog and L is t o f  Users on  R eq u est I
Your enquiry is invited. No trouble to subm it proposals on f 
your requirem ents and, of course, w ithout obligation to you )

MANUFACTURED AND SOLD DIRECT TO TIIE USER BY

L A B O R A T O R Y  C O N S T R U C T I O N  C O M P A N Y
1113-1115 H o lm e s  S t r e e t .......................K a n sa s  C ity , M isso u r i, U . S . A.

O f P o te n t io m e te r  U n b a la n c e

NATIONAL TECHNICAL LABORATORIES
3 3 3 0  E. C O L O R A D O  ST R E E T , P A S A D E N A , C A L IF O R N IA

W RITE FOR 

LITERATURE

pH M E T E R  h a s
T h e  E x c lu s iv e  A d v a n ta g e  of

C o n t i n u o u s  
I n d i c a t i o n

The inconvenience o f  the ballistic m e t h o d  for glass 

electrode p H  m e a s u r e m e n t s  n e e d  be  tolerated no 

longer! I

The unique amplifier circuit and the p r e c i s i o n  con

struction of the B E C K M A N  p H  M ETER  permit con

tinuous readings to be accurately made.

This is one of a number of e x c l u s i v e  features of the 

B E C K M A N  p H  M E T E R  which has led to its adop

tion in leading laboratories throughout the world.


