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E l e c t r i c a l  H e a t  P o s s i b l e

J im m y ’s  C h eek s A re P inker N ow
T h e  C h ild r e n ’s  F u n d  o f M ic h ig a n  
g iv es  h o s p ita l iz a t io n  to  n e e d y  c h i l ­
d ren . T w is te d  l i t t l e  b o d ie s  are m a d e  
s tr a ig h t .  T o p a le  c h e e k s  are g iv en  
t h e  p in k  g lo w  o f h e a lth ,  t h e  n a tu r a l  
h e r ita g e  o f  c h ild h o o d  . . . .  T h e  i n ­
s t i t u t i o n ’s  d ie te t ic  w ork  is  v ita l.  
In  m e a s u r in g  t h e  e x te n t  o f  d ig e s t io n ,  
u s e  is  m a d e  o f t h is  H o sk in s  e le c tr ic  
m u ff le  fu r n a c e . A n d  o th e r  H o sk in s  
fu r n a c e s , ju s t  a  few  m ile s  a w a y , are

u s e d  to  m e a s u r e  t h e  ca r b o n , s i l ic o n  
or a lu m in u m  c o n t e n t  in  a  s a m p le  
o f  s t e e l .  L ite r a lly  t h e  w o r ld  over  
are fo u n d  th e s e  c o n tr a s t in g  a n d  
w id e ly  v a r ied  u s e s  o f  H o sk in s  F u r ­
n a c e s — to  ta k e  t h e  g u e ss -w o r k  o u t  
o f  fa c tu a l  in v e s t ig a t io n s . F o r  fu ll  
d e s c r ip t io n  o f th e s e  fu r n a c e s , w r ite  
t6  u s  or y o u r  d ea ler , a sk in g  for  
C a ta lo g -5 5 Y  . . . .  H o s k in s  M a n u ­
fa c tu r in g  C o ., D e tr o it ,  M ic h ig a n .

tiettm  FURNACES
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Kimble’s Modern Liebig Condenser

K

Pat.
applied

for

BAKELITE NUT A N D  S C R E W  
T H R E A D  C O N N E C T I O N S

Easy to Assemble and Take Apart

O U T S T A N D I N G  FEATURES

1. Made o f  K im b le  Resistan t G la s s  —

w ith  great therm al and mechanical 
strength.
2. Jacket necks have a standard screw 
thread finish. The liquid tight connec- 
tions are achieved by means o f a spe­
cial rubber washer and Bakelite nut. The 
washer is made o f the best grade of 
heat resistant rubber.

3. Theinletand outlet tubes, which are l n 
long, are approximately 1/ 2n from shoul­
ders, doing away with dead spaces in the 
cooling chamber. The ends of these tubes 
are finished with hose connections.

4. The jackets have outside diameters 
o f  % n, decreasing considerably the space 
between inner tube and jacket, giving 
greater cooling efficiency due to in­

creased rate of flow o f cooling medium.

5. The Condenser is easy to assemble 
and to take apart for cleaning—a partic­
ularly good point when cooling water 
contains iron scale which adheres to 
the glass and obstructs vision.

6. Thick-walled tubing is used in both 
condenser tube and jacket. The end o f  the 
condenser tube is ground at an angle.

7. The rubber washers are much easier 
to disengage than either rubber tubing 
or stoppers, due to  smaller area in con­
tact with the condenser tube.

8. Jackets can be easily turned to have in- 
letand outlet tubes in any desired position.

9. Retem pered (strain-free) fo r m a x ­
im um  strength.

K im b le  No. 18003
Complete Condensers

K im b le  No. 1 8 0 0 3 -A
Condenser Jackets

K im b le  No. 1 8 0 0 3 -B
Condenser Tubes

Length of 
Jacket— 

Shoulder to 
Shoulder

Overall 
Length of 

Condenser 
Tube Quan. in

Length of 
Jacket— 

Shoulder to 
Shoulder Quan. in

Overall 
Length o f 
Condenser 

Tube Quan. in
mm. mm. Case mm. Case mm. Case
250 450 36 250 36 450 48
300 500 36 300 36 500 48
400 600 36 400 36 600 48
500 700 36 500 36 700 48
600 800 24 600 24 800 36
750 950 12 750 12 950 24

K im b le  N o . 18 0 0 3 -C  —  Bakelite N uts a n d  Washers (same on all sizes).
•k *  *

The quantities packed in individual cases have been made small enough to permit of easy 
handling and also to enable the average user to purchase full cases with a consequent saving. 
Further savings are possible when 5 or 10 case lots are purchased.

Send for fully illustrated price lists on:
Blue Line E x a x  G la ssw a re . For accurate control and research work—with durable fused-in 
blue glass lines and numbers—retested and retempered.
N o rm a x  G ra d u a te d  G la ssw a re . For precision control and research (accurate within 
specifications of Circular No. 9, National Bureau of Standards).
K im b le  <£> Brand. Ungraduated lamp and mould-blown glassware.

KIMBLE GLASSWARE IS STOCKED BY LEADING LABORATORY SUPPLY HOUSES THROUGHOUT U. S. AND CANADA

KIMBLE GLASS COMPANY • • • v ine land, n. j.
N E W  Y 0 R K ' C H I C A G 0 * P H I L A D E L P H I A * D E T R 0 1 T * B 0 S T 0 N



6 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 8, NO. 3

W E B E R  E L E C T R I C  V A C U U M  O V E N S
NEW MODEL WITH DOOR CLAM P

P R O V ID IN G  FOR O PER AT IO N  
A T  IN T E R N A L  P R ESSU R ES  
UP TO  5 LBS. PER  SQ U ARE  
IN CH  TO  F A C IL IT A T E  IN T E R ­
C H A N G E  OF GASES.

7888.

W ith door In position

7888.

W ith door and  clamp rem oved

W E B E R  E L E C T R IC  V A CU U M  O V E N S. C onstructed  on the  sam e general principles as the  
W eber E lectric D rying Ovens, T ypes A and  B, described on p. 602 of our catalogue, i.e., w ith  au tom atic  
control and  pointer scale for approxim ate se tting  a t  an y  desired tem pera tu re  betw een 20° and  150° C, 
b u t w ith a cylindrical vacuum  cham ber w ith th ree rem ovable shelves as shown in illustration . Offered 
in a  new model in  which th e  following im provem ents are inco rpo ra ted :

D oor is provided w ith clam p w ith h and  screw  for tightening. T his clamp bears cen tra lly  on th e  door and  a t fou r points on its  fram e  and  
m akes it possible to u se  th e  oven both  as a  vacuum  oven and  as a low p ressu re  oven, i.e ., for in te rn a l p ressu res not exceeding 5 lbs.

Ser square inch . This is necessary  for the  com plete in terchange of gases and  is the  re su lt of suggestions of D r. Sam uel E . Pond , 
la r in e  Biological Laboratory, W oods H ole, M ass.

A com bined vacuum an d  p ressure  gauge, with red  sector above safe w orking p ressu re , is now m ounted  on top of th e  oven, in s tead  of on 
th e  door as  hereto fo re , and  connects through th e  tu b es  to th e  cham ber proper.

A snap sw itch on th e  front of th e  tem pera tu re  regu lato r com partm ent provides for convenient tu rn ing  on an d  off of the  current.
Ovens a re  now m ounted  on m etal base  w ith cast m etal legs, w hich avoids th e  occasional breaking  of legs hereto fore  experienced.

T he unique feature  of th e  vacuum  cham ber is th e  tig h t jo in t secured b y  m eans of a lead gasket on 
th e  door. F inal seating is sim ply and  quickly accom plished by  slight ro ta tio n  of th e  door in to  position 
and  final ad ju stm en t by  th e  new screw clamp.

T he construction of the  oven and  the  m ethod  of therm o-regulation provide a  un iform ity  in tem pera­
tu re  d istribu tion  w ithin the  vacuum  cham ber sufficient for all ord inary  labo ra to ry  procedure. D etails 
of tests  for b o th  operating sensitiv ity  and  operating  uniform ity  of tem pera tu re  d istribu tion , a t  various 
w orking tem pera tu res an d  under different conditions of use, are sen t on request.

C onvenient connections and  control valves for a ir and  the  in troduction  of any  desired gas in to  the 
cham ber are  provided a t  th e  to p  of the  oven. T he exterior is substan tia lly  m ade of transite  and 
M onel m etal, so th a t all possibility of rusting  or corrosion is avoided. T he vacuum  cham ber is constm cted  
of stam ped steel bo th  copper and  nickel plated.

M axim um  curren t consum ption of the Small M odel is 500 w atts, and of the  Large M odel is 800 w atts.
7886. Oven, W eber E lectric Vacuum , Sm all M odel, as above described, outside dim ensions 13M inches high X 12M inches wide X 10 XA  Code

inches deep, w ith a  vacuum  cham ber w ith inside dim ensions 8 inches deep X  7 H  inches d iam eter. W ith  th ree  rem ovable W ord
shelves for th e  vacuum  cham ber, each 6H  inohes deep. D istance betw een shelves, 2 inches. F o r operation  to  150° C.
W ith T herm om eter, 200° C. F o r 110 volts, a.c. or d .c ............................................................................................................................. 200.00 Lydha

7886-A. D itto, b u t for 220 volts, a.c. or d .o ............................................................................................................................................................................200.00 L y d iy
7888. Oven, W eber E lectric  Vacuum , Large M odel, as above described, outside dim ensions 16H  inches high X 15%  inches wide X

12&  inches deep, with a  vaouum  cham ber w ith inside dim ensions 9M  inches deep X  9M  inches d iam eter. W ith  th ree  re ­
m ovable shelves for the  vacuum  cham ber, eaoh S H  inches deep. D istance between shelves, 2 inches. F o r operation to
150° C. W ith  T herm om eter, 200° C. F o r 110 volts, a.o. or d .o ......................................................................................................... 275.00 Lyean

7888-A. D itto , b u t for 220 volts, a .c. or d .o ........................................................................................................................................................................... 275.00 Lyecj

ARTHUR H. THOMAS COMPANY
R E T A IL —W H O LESA LE— EX P O R T

LABORATORY APPARATUS REAGENTS
W EST  W A SH IN G T O N  SQ U ARE  

P H ILA D EL P H IA , U.S.A.

C able A ddress, “B alance,” Philadelphia
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Determ ination o f Guanidines in Rubber Stocks 
and Consumption o f Guanidines during Cure

Qu a n t i t a t i v e  determi­
nations of various accelera­

tors that may be present in 
vulcanized rubber stocks are 
necessary, not only for funda­
mental investigations into the 
mechanism of acceleration, but 
also for routine control analyses 
and the examination of unknown 
stocks. The determination of 
any organic material in vul­
canized rubber stocks is beset 
with numerous difficulties, how­
ever, and reliable methods are 
scarce. For accelerators, the 
only ones described in the litera­
ture are the now generally em­
ployed copper oleate method for 
mercaptobenzothiazole and an 
extension of Callan and Straf­
ford’s (1) picric acid method for 
guanidines, both described by 
Wistinghausen {2). Using these 
two procedures, Wistinghausen 
made an extended investigation 
of the consumption of mercapto­
benzothiazole and of diphenyl- 
guanidine (D. P. G.) during cure.

Considerable difficulty was encountered in this laboratory 
in the use of Wistinghausen’s method. Especially with 
di-o-tolylguanidine (D. 0 . T. G.) stocks, the results were 
highly variable and the proportion of guanidine recovered 
seemed to be much smaller than tha t recovered by Wisting­
hausen from similar stocks. As a test of both the method and 
the technic, an uncured di-o-tolylguanidme tread stock was 
analyzed, since it  was believed that, in this case, an effective 
procedure should account for substantially all of the guanidine 
put into the stock. The result was that little or no more 
guanidine was recovered from the uncured stock than from 
the same stock at an optimum cure. Guanidine recoveries 
from either one ranged from 30 to 50 per cent.

To find the reason why the guanidine could not be com­
pletely extracted from the uncured mixture, the procedure 
was applied to a series of stocks in which the ingredients of 
the original tread stock were omitted, one by one. Finally, 
it was found tha t when a simple mixture of acetone-extracted

B IN G H A M  J . H U M PH R E Y  
T h e  F ir es to n e  T ire  & R u b b er  C o m p a n y , A k ron , O hio

W h en  a g u a n id in e  accelerator is  m illed  
in to  ace to n e-ex tra cted  rubber, th e  g u a n i­
d in e  ca n n o t b e  co m p lete ly  recovered from  
th e  rubber by ace to n e  ex tra ctio n . I f  th e  
m ix tu re  o f  rubber and g u a n id in e  is  treated  
w ith  a h yd ro lyzin g  a g en t, th e  b o u n d  
g u a n id in e  is  freed an d  100 per cen t recovery  
can  b e m ad e. B o u n d  g u a n id in e  is  a lso  
p resen t in  cured  sto ck s, for w h en  th ese  
sto ck s are trea ted  w ith  b en zen e  and  d ilu te  
aq u eou s h yd roch loric  ac id , or w ith  w et  
a ceto n e , h ig h er  g u a n id in e  recoveries are 
o b ta in ed  th a n  by ex traction  w ith  dry 
a ceto n e .

B ased  o n  th e  above fin d in gs, a n ew  h y ­
d ro ly tic  procedure for d e term in in g  g u a n i­
d in es in  cured  stock s h a s b een  developed . 
D ata  o n  several sto ck s an a lyzed  by th is  
m e th o d  a n d  by th e  W istin g h a u sen  (aceton e  
extraction ) m e th o d , and  th e  re su ltin g  c o n ­
su m p tio n -c u r in g  t im e  curves are p resen ted  
for com p arison .

rubber and di-o-tolylguanidine 
was extracted with acetone, a 
part of the di-o-tolylguanidine, 
amounting to 0.2 to 0.4 per cent 
of the guanidine on the rubber, 
was unextractable. Apparently 
the d i-o - to ly lg u a n id in e  was 
bound by, or formed a compound 
with, the rubber and/or the non- 
extractable protein of crude rub­
ber. I t  was already known, 
however, that if a mixture of 
rubber and guanidine is swollen 
in a rubber solvent and shaken 
with dilute acid, all the guani­
dine is transferred to the aqueous 
phase wherein it can be deter­
mined as the picrate or by back- 
titration with alkali. Accelera­
tor master batches have been 
analyzed by such a procedure for 
some time.

Thus, it seemed probable that, 
if all the guanidine could be re­
covered from an uncured mix 
by such a method, whereas it 
could not be completely re­
covered by acetone extraction, a 

higher recovery of guanidine might be obtained from cured 
stocks by treatment with an aqueous acid and a swelling agent 
than by acetone extraction. This proved to be the case. 
The cured di-o-tolylguanidine tread, from which only 30 to 
50 per cent of the guanidine could be recovered by acetone 
extraction, yielded 75 per cent or more of the original amount 
of guanidine when a method involving treatment with benzene 
and dilute acid was used. The increased amount of guanidine 
was obtained by the latter method because of the hydrolyzing 
action of the aqueous acid rather than the swelling action of 
benzene. This was shown by extracting the cured tread with 
benzene and then shaking the benzene extract solution with 
dilute acid. The amount of guanidine recovered in this way 
was essentially equal to that obtained by extraction with dry 
acetone. Furthermore, extraction with wet acetone removed 
much more guanidine from the stock than extraction with 
dry acetone, although a 20-hour extraction with acetone 
containing 2 per cent of water did not effect as high a recovery

153
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of guanidine as. could be obtained with benzene and aqueous 
acid. I t  was also found that the guanidine recovery was 
highly variable if, when the Wistinghausen procedure was 
followed, the acetone extractions were run without particular 
attention to keeping the acetone absolutely dry.

A brief study of the apparent consumption of guanidine 
during cure was made, using both Wistinghausen’s method 
and the new method, which yields a higher guanidine recovery 
from a cured stock and complete recovery from an uncured 
stock. A comparison of the accelerator consumption curves 
obtained by the two different methods is presented.

Four different stocks were investigated, A, B, C, and D. 
Stocks A and B are duplications of two stocks used by Wisting­
hausen. Stocks C and D are present-day tread compounds, 
the former containing diphenylguanidine, the latter di-o- 
tolylguanidine.

T a b l e  I. S t o c k s  InvESTIGATED

Stock A Stock B
Parts Parts

R ubber (crepe) 100 100
Sulfur 3 .8 3 .8
T herm atom ic black 38 .3 38 .4
D. P . G. 1.44 1.38
Zinc oxide 3 .8

143.54 147.38
D . P . G. con ten t, % 1.00 0 .9 4

Stock C Stock D
R ubber (sm oked sheet) 100 100
Sulfur 2 .8 2 .8
Zinc oxide 0 .6 6 .6
R ubber channel black 46 .2 46
S tearic  acid 3 .3 3 .3
P ine ta r 3 .9 3 .9
Antioxidant® 1.0 1.0
A ccelerator 1.04 (D.. P . G.) 0 .8 2  I

164.84 164.42
D. P . G. con ten t, % 0 .63
D. O. T . G. con ten t 0 .5 0

. T . G.)

° 92.5 per cen t pheny l-a-naph thy lam ine, 7.5 per cen t m -toluylene d iam ine.

Each stock was cured 10, 30, 60, and 90 minutes a t 307° F. 
(152° C.). Stock C was also cured 30, 60, 90, and 120 minutes 
a t 290° F. (143° C.). Much of the preliminary work was 
done on stock D, cured 90 minutes a t 290° F. (143° C.). 
Most of the other cures were beyond the optimum, as far as 
desirable physical properties are concerned. For the stocks 
cured at 307° F. (152° C.) the optimum time is probably 
about 25 minutes, while for those cured a t 290° F. (143° C.) 
the optimum time is about 90 minutes.

In preparation for analysis, the stock, where possible, was 
finely ground to “springs” on a cold mill. Uncured or under­
cured stocks that could not be crumbled were sheeted as 
thinly as possible and cut into small pieces.

The procedure used for the analysis of the stocks by the 
acetone-extraction method varied slightly but not essentially 
from that described by Wistinghausen. This slight modifica­
tion of the Wistinghausen method and the new method in­
volving hydrolysis are described below.

M eth od  o f  A n alysis
W i s t i n g h a u s e n  M e t h o d .  A 20-gram sample of the stock is 

extracted with acetone for 16 hours in a Soxhlet extraction 
apparatus. The acetone is completely removed from the extract 
by evaporation and the residue is dissolved in 20 cc. of ether. 
Thirty cubic centimeters of approximately 0.1 N  hydrochloric 
acid are added to the solution and the mixture is heated on the 
steam plate for 5 or 10 minutes longer than is required to evapo­
rate the ether. The hot aqueous solution is then poured through 
a filter. This t reatment with ether and hot dilute acid is repeated 
twice to transfer all the guanidine to the aqueous acid solution 
which is allowed to stand at least 12 hours and then again filtered 
cold. The volume is adjusted to approximately 100 cc. and an 
equal volume of saturated aqueous picric acid solution is added. 
This mixture is heated on the steam plate for 1 hour. Heating 
causes the precipitate that first forms to redissolve.

1
__ --—
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O W IS T IN G H A U S E N  S  M E T H O D  —
X  H Y D R O L Y S IS  M E T H O D  
fi R E P R O D U C T IO N  O F  W IST IN G H A U SE N  ’ S 

C U R V E

3 0  6 0  9 0
T IM E  O F  C U R E  IN M IN . A T  307°F. C IS2°C. 5

F i g u r e  1. A c c e l e h a t o ii  C o n s u m p t io n  i n  A  

W istinghauscn’s base stock

The heating period was found to be particularly necessary 
for di-o-tolylguanidine determinations, as di-o-tolylguanidine 
picrate forms slowly and incompletely in the cold. On cooling 
and standing, the diphenylguanidine picrate usually reprecipi­
tates in crystalline form, but the di-o-tolylguanidine picrate 
only infrequently reprecipitates in this way. The precipi­
tate should be allowed to stand for a t least 12 hours before 
filtering. For di-o-tolylguanidine, especially, a longer period 
(48 hours) seems to help the character and quality of the 
precipitate. The filtration is carried out on a Gooch crucible 
lined with filter paper, the precipitate being completely trans­
ferred to the crucible with the aid of a “policeman” and a 
small amount of water. The precipitate is finally dried to 
constant weight in a 100° to 110° C. oven. An addition of 
5 mg. is made to the weight of the picrate in the case of the 
di-o-tolylguanidine picrate and 8 mg. in the case of the 
diphenylguanidine picrate to correct for the slight solubility 
of these picrates in the 200-cc. mixture of saturated picric 
acid solution and 0.1 N  acid. These solubility corrections 
were obtained from direct determinations of the solubility of 
the pure picrates in such a mixture a t room temperature. 
For diphenylguanidine, the amount of guanidine is 48 per 
cent of the corrected weight of the picrate and for di-o- 
tolylguanidine, 51 per cent of the corrected weight of its 
picrate.

H y d r o l y s i s  M e t h o d .  A 20.0-gram sample of the finely 
divided stock, 400 cc. of benzene, and 50 cc. of approximately
0.1 N  hydrochloric acid are placed in a 1-liter flask so arranged 
that constant agitation of the mixture and refluxing of the ben­
zene can be carried out together and the aqueous layer can be 
conveniently removed from the rest of the mixture, preferably 
without removing the whole mixture from the flask. A con­
venient apparatus for this purpose is a 1-liter Erlenmeyer flask 
to which has been sealed, near the base and projecting to the 
side, a stopcock outlet. By means of an ordinary addition tube 
placed in the neck with a cork stopper, the flask can be equipped 
with a stirrer and a reflux condenser. No mercury seal is neces­
sary. The flask is heated, conveniently, by means of an electric 
hot plate.

Refluxing and brisk stirring of the mixture are continued for 
1 hour. The condenser and stirrer are then removed, the flask 
is set on its side in a tripod, and the aqueous layer drawn off.
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F i g u r e  2 .  A c c e l e r a t o r  C o n s u m p t io n  i n  B

W istinghausen’s 3.8 per cent zinc oxide stock
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F i g u r e  3 . A c c e l e r a t o r  C o n s u m p t io n  i n  C
D iphenylguanidine tread  stock, cured a t  307° F . (152° C.)

T IM E  O F  C O R E  IN M IN .  A T  2 9 0  F, C 143 C. J

F i g u r e  4 . A c c e l e r a t o r  C o n s u m p t io n  i n  C

D iphenylguanidine tread  stock, cured a t  290° F . (1-43° C.)

*- z  z  o  .

6 0  9 0
T IM E  O F C U R E  IN  M IN .  A T  3 0 7 ° F .  C 152 °C. )

At the temperature of refluxing benzene, little or no emulsifica- 
tion takes place. Another 50-cc. portion of dilute acid is added 
and the procedure is repeated. After a third similar treatment 
with acid, all the recoverable guanidine in the stock has been 
removed by the acid. The combined acid solution is allowed to 
cool completely and is then filtered. The filtered solution is 
clear and usually slightly yellow. The volume is adjusted by 
evaporation to about 100 cc. and an equal volume of saturated 
aqueous picric acid solution is added. The rest of the procedure 
is identical with that described above for the Wistinghausen 
method.

Besides the fact that it yields higher recoveries of guanidine 
through hydrolytic splitting of the bound guanidine complex, 
the hydrolysis method possesses several advantages as an 
analytical method over the Wistinghausen method. The 
quality of the picrates is much better, especially in di-o- 
tolylguanidine determinations. In the Wistinghausen method, 
picrates are frequently obtained which are noncrystalline, 
dark brown, and melt 20° C. lower than that of the pure 
picrate, whereas in the present method they are always 
crystalline, bright yellow, and seldom melt more than 6° C. 
lower than the pure picrate. Because the picrates obtained 
are purer and because the variability introduced by different 
moisture contents in the acetone extractions in the Wisting­
hausen procedure is not present, the results obtained by the 
hydrolysis method usually check much better than those 
obtained by the Wistinghausen method as used in this labora­
tory. For qualitative purposes only, the hydrolysis method 
is very rapid, a half hour’s stirring and refluxing being suffi­
cient to remove the greater portion of the guanidine. A 
qualitative determination requires only 2 or 3 hours’ time 
from the beginning of the determination to obtaining the 
characterizing melting point of the picrate.

The modification of the above method to determine the 
guanidine in an uncured stock by precipitation as the picrate 
is as follows:

T IM E  O F  C U R E  IN  M I N . 3 0 7  °F. C 1 5 2 " c . 3

F i g u r e  5 . A c c e l e r a t o r  C o n s u m p t io n  i n  D
D i-o-tolylguanidine tread  stock

A 10.0-gram sample is dissolved in 400 cc. of benzene by means 
of stirring and heating. If small bits of incompletely dispersed 
stock persist in the cement, no harm is done. Fifty cubic centi­
meters of approximately 0.1 N  hydrochloric acid and 50 cc. of 
water are added and the mixture is stirred and heated for 20 to 
30 minutes. The benzene is then evaporated while stirring is 
continued. When evaporation is complete, the rubber remains 
in a porous, spongy mass in the aqueous solution. The latter, 
containing most of the guanidine, is poured off. The remaining 
traces of guanidine can be removed from the stock by digesting 
for a few minutes with each of two more successive 50-cc. portions 
of 0.1 N  acid. The procedure is then continued as described 
above.

A n a ly tica l D ata

The analytical results given in Tables II and I I I  are largely 
self-explanatory. Table II  covers the preliminary work.

In the first three tabulated determinations (Nos. 29, 1, and 2), 
the uncompounded guanidines, dissolved in 100 cc. of 0.1 N  
hydrochloric acid, were precipitated with an equal volume of

T a b l e  II. P r e l im in a r y  R e s u l t s

D eter­
m ination

No.

29 D . P . <

1 D. O. '

o D. O . l
3 D .M
5 D.
7 D.

10 D.
11 D.
12 D.

14 D.

9 D.
û The m. p. of

dine picrate, 162-
b C ured 90 mil

Stock

D. O. T . G. (50 mg., pure)

M ethod

H 
H 
W 0
w
w
w

W t. of P icrate

Av. W t. of 
P icrate  

Corrected 
for Accelerator

A pparent
Accel­
era to r
Con- M . P . of

A B Solubility Recovered sum ption Picrate
Mg. Mg. Mg. % % ° C.

94.1 95.1 102.6 98 .7 163-5“

93.2 93 .0 98 .1 100.0 158-60

91.1 91 .3 96 .2 98.2 158-60
144.3 145.4 150.0 76 24
142.2 138.3
132.5 138.5

34125 .1 . 124.7 130 66'
86 .3 86 .0 91 46 54

113.5 117.4

127.9 127.3

80.0 78 .8 84 43 57

R em arks

T he m. p. of d iphenylguanid ine p ic ra te  is 170° C .; of di-o-tolylguani-

Theoretical
104.0 mg. 

Theoretical
98.0 mg.

w t. of 

w t. of

Three 1-hr. periods 
Three 2-hr. periods 
Three 8-hr. periods 
Com m ercial acetone 
D ry  c. p . acetone 
Com m ercial acetone 

water 
Com m ercial acetone 

water 
Benzene ex traction

c T h e o r e t ic a l  a m o u n t,  o i g 
d H y d r o l y s i s  m e th o d .  
e W is t in g h a u s e n  m e th o d .

picrate ,

p ic ra te

10%

2%
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T a b l e  III. A n a l y t i c a l  D a t a

Av. w t .  of

D eterm ination -C ure-----------> W t. of P icrate Corrected for Accelerator A ccelerator M . P . of
No. Stock Tim e Tem p, M ethod A B Solubility Recovered C onsum ption P icra te

M in. 0 F. Mg. Mg. Mg. % % ° C.
65 A° 0 307 W 269.6 289.9 287 69 31 158-616
47 A 10 307 w 296.3 296.4 304 73 27 163-5
48 A 30 - 307 w 273.1 268.4 279 67 33 163-5
49 A 60 307 w 234.3 237.9 244 58 42 162-4
50 A 90 307 w 208.7 209.2 217 52 48 162-4
34 A 10 307 H 338.1 336 .9 306 83 17 163-5

*23 A 30 307 H 301.4 302.4 310 74 26 162-4
24 A 60 307 H 255.7 254.9 263 63 37 162-4
25 A 90 307 H 219.3 217.6 226 * 54 46 162-4
66 B c 0 W 265.0 256.9 269 69 31 160-2
43 B 10 307 W 255.5 239.2 255 65 35 161-4
45 B 30 307 W 193.0 188.8 199 51 49 157-60
44 B 60 307 W 135.4 136.9 144 37 63 151-5
46 B 90 307 W 94.7 96 .2 103 27 73 154-7
26 B 10 307 H 299.1 296.0 306 79 21 162-5
27 B 30 307 H 204.9 203.3 212 54 46 162-5
28 B 60 307 H 131.1 128.3 138 35 65 162-4
31 B 90 307 H 90 .0 93 .7 100 26 74 160-3
64 Cd 0 \V 182.7 174.6 186 71 29 158-61
51 C 10 307 W 152.7 161 61 39 160-3
52 C 30 307 W 132.5 134.'2 141 54 46 161-4
53 C 60 307 \v 112.8 101.7 115 44 56 155-9
54 C 90 307 w 86 .6 88 .9 96 37 63 160-2
63 C f 0 H 123.0 119.0 129 99 1 164-6
39 C 10 307 H 185.7 188.6 195 75 25 162-4
40 C 30 307 H 157.9 152.4 163 62 38 161-3
38 C 60 307 H 117.7 119.9 127 48 52 161-3
37 C 90 307 H 96.2 96 .3 104 40 60 160-3
64 C 0 W 182.7 174.6 186 71 29 158-61
60 C 30 290 W 111.4 113.3 120 46 54 158-62
61 C 60 290 w 112.1 122.7 125 48 52 157-61
62 C 90 290 w 118.0 103.2 118 45 55 157-61
59 C 120 290 w 94.4 86 .3 98 37 63 157-61
63 C / 0 H 123.3 119.0 129 99 1 164-6
19 C 30 290 H 174.6 173.1 182 70 30 162-4
17 C 60 290 H 156.7 153.3 163 62 38 162-4
20 C 90 290 K 136.3 135.6 144 55 45 162-4
21 C 120 290 H 108.3 108.5 116 44 56 162-4
67 D* 0 W 76 .8 82 .5 85 43 57 141-6
57 D 10 307 W 81 .5 8 3 .9 88 45 55 141-6
58 D 30 307 W 9 6 .8 102 52 48 141-6
55 D 60 307 w 103.6 90 !o 102 52 48 141-5
56 D 90 307 w 7 6 .9 9 0 .5 89 45 55 141-5
36 D 30 307 H 146.9 152 78 22 158-60
41 D 60 307 H 131.6 134] 1 138 70 30 158-60
42 D 90 307 H 122.1 125.5 129 66 34 158-60

•  Theoretical am ount of guanidine picrate, 417 rag. 
b The m. p. of diphenylguanidine p ic ra te  is 170° C .; of di-o-tolylguani- 

dine picrate, 162-3® C.
e Theoretical am o u n t of guanidine p icrate , 390 mg.

d T heoretical am oun t of guanidine p icrate , 262 mg. 
• T heoretical am oun t of guanidine p icrate, 196 mg. 
/  10.0 gram  sample.

picric acid solution to check the completeness of the precipitation. 
When the 5- and 8-mg. corrections for solubility were added to the 
weights of the picrates obtained, the results" were satisfactory. 
The next three determinations (Nos. 3, 5, and 7) were run to gain 
some idea as to the proper length of time for the extraction period 
in the hydrolysis method. It was concluded that there was no 
reason for continuing these extraction periods for longer than an 
hour. The next four determinations (Nos. 10, 11, 12, and 14) 
were made, employing various acetone extraction procedures as 
indicated under “Remarks,” and show the variation in results 
caused by the introduction of water. The last determination 
(No. 9) was run by extracting the stock with dry benzene and 
then determining the guanidine in the filtered extract by hydro­
chloric acid extraction and precipitation in the usual manner.

Since the results obtained were substantially the same as 
those obtained with dry acetone, it is evident tha t the acetone- 
insoluble guanidine in the stock is liberated by the hydrolytic 
effect of the acid rather than by the swelling effect of the 
benzene.

Table I I I  is a tabulation of the results obtained on the 
various cures of stocks A, B, C, and D. The curves shown in 
Figures 1 to 5, inclusive, were obtained by plotting the ap­
parent accelerator consumption—i. e., the difference between 
the theoretical and the determined value—against the time 
of cure. Figures 1 and 2 also contain a reproduction of 
Wistinghausen’s curves for stocks A and B, which are inserted 
for the sake of comparison. In Figure 4, no reasonable curve 
representing accelerator consumption as determined by the 
Wistinghausen method can be drawn through the plotted 
points.

I t  will be necessary to obtain further data, especially for

short curing periods, in order to determine the true course 
of the curve.

D iscu ss io n  o f  R esu lts

Reference to Figures 1, 2, and 3 shows that, for diphenyl­
guanidine stocks, the curves obtained by the hydrolysis and 
Wistinghausen methods are approximately identical over 
the greater part of their range. From this it might be in­
ferred that, for practical purposes, the guanidine could be 
determined by either method. This would be true if we were 
interested in overcured stocks, but it should be recalled that, 
for commercial stocks, only the first quarter of the curves 
(Figures 1, 2, or 3) would be involved. Figure 4 (diphenyl­
guanidine stock cured a t 290° F., 143° C.) shows the situation 
in the range of the optimum cure somewhat better, as far as 
distance between the curves is concerned, although the true 
course of the Wistinghausen curve is not known. In the 
case of di-o-tolylguanidine stocks (see Figure 5), the difference 
between the two curves is much more pronounced. There 
is apparently more extensive compound formation with 
di-o-tolylguanidine than with diphenylguanidine and this 
addition compound of di-o-tolylguanidine is less readily 
destroyed. This behavior may be the cause of the greater 
accelerating activity of di-o-tolylguanidine as compared to 
diphenylguanidine.

The present investigation has raised a number of questions 
which can be answered only by further research. Among 
other things, the probability tha t there is compound forma­
tion between the guanidine and the protein, or the rubber, is
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extremely interesting. The fact th a t the curves as determined 
by the acetone-extraction method and by the hydrolysis 
method approach each other as the cure continues indicates 
that it is the bound guanidine tha t is being destroyed. I t  
seems quite possible tha t the greater part of the accelerating 
effect on vulcanization is not due to the guanidine itself but 
to an addition product of guanidine and an ingredient of 
crude rubber. In any case, the author believes tha t further 
work in this direction will throw considerable light on the 
mechanism of acceleration.
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Change o f Penetration with Tem perature o f  
Various Asphalts

I. B EN C O W ITZ AND E. S . B O E , T exas G u lf  S u lp h u r  C o ., G u lf , T exas

THE susceptibility of as­
phalts to  te m p e ra tu re  

changes is probably the most 
im p o r ta n t  characteristic of 
these substances. To be able 
to evaluate this coefficient with 
precision is most essential both 
for purposes of identification 
and for revealing intrinsically 
the suitability of a given asphalt 
for a desired purpose. Though 
m a n y  a t te m p ts  h a v e  been 
made to arrive a t some method 
of determining this factor of 
susceptibility,no s a t i s f a c to r y  
p ro c e d u re  h as  as yet been 
worked out (5).

Abraham (1) o b se rv e d  that 
the difference in consistometer 
hardness at 46.1° and 0.0° C. (115° and 32° F.) divided by 
the Kramer-Sarnow fusing point (2) is a constant for all 
asphalts derived from the same source. This series of con­
stants he terms “susceptibility factors.” Whatever the 
technical objections to this method may be, these factors do 
not evaluate the susceptibility to temperature change of 
those asphalts which come from the same source but which are 
processed differently, nor does this method yield a definite 
relation between the true susceptibility and the group factors 
obtained.

The procedure generally adopted by asphalt technologists 
consists of obtaining a ratio of the difference between two 
penetrations at 46.1° and 0.0° C. (115° and 32° F.) divided 
by that a t 25° C. (77° F.). The three penetration readings 
are obtained with three different loads and two different time 
periods (3). That this method is not satisfactory' is conceded: 
although it is found useful for identification purposes, it is 
at times misleading.

Many other methods are in vogue (5). None of these, 
however, determines any intrinsic property of asphalts. 
Frequently the order of these various indexes is not the 
same as the order of the true susceptibilities, while the nu­
merical relation between their magnitude is hardly ever the 
same as the relative susceptibilities for a series of asphalts. 
Perhaps the susceptibility of some other property of asphalts 
to temperature changes may be of greater utility (5), but the

In  th is  in v e s t ig a tio n  a s im p le  e q u a tio n , 
p  =  A B X  C‘, w as fo u n d  to  express th e  
v a ria tion  o f  th e  p en e tra tio n  o f  th ir te e n  
a sp h a lts  w ith  th e  tem p era tu re .

Several sou rces and  m e th o d s  o f  p rocess­
in g  are rep resen ted  in  th e  a sp h a lts  w h ich  
w ere stu d ied . T h e  eq u a tio n  can  b e  so lved  
w h en  th ree  p en e tra tio n s  o b ta in ed  w ith  th e  
sa m e  w e ig h t an d  for th e  sa m e  period  o f  
t im e  a t  d ifferen t tem p era tu res are k n ow n . 
B y m ea n s o f  th is  eq u a tio n  a s im p le  in d ex , 
p i  — />!, w as fou n d  to  rep resen t ad eq u a te ly  
th e  order and th e  rela tive  m a g n itu d e  o f  
th e  tem p era tu re  su scep tib ility  o f  th e  th ir ­
teen  a sp h a lts .

p e n e t r a t io n  still remains to 
be the best known and most 
generally used test for asphalts
W).

The aim of this investiga­
tion was not merely to find a 
factor or an index which would 
give the relative order of the 
s u s c e p t ib i l i t ie s  of different 
asphalts, but also to obtain a 
concise expression by means of 
which the entire c u rv e  co u ld  
be visualized or determined— 
i. e., the susceptibility of the 
penetration, dp/dt, a t any de­
sired point within a given range 
of temperature.

The equation suggested be­
low re p re s e n ts  experimental 

data well within the experimental error and gives a concise 
method of representation. By means of this equation, when 
three penetrations a t three temperatures are known, it is 
possible to calculate with precision the entire susceptibility 
curve. Furthermore, an “index” of this susceptibility, 
yielding relative values over a desired temperature range 
with adequate precision for all practical purposes, is derived 
from this equation.

E xp erim en ta l P rocedure
The standard procedure (S) for measuring penetrations 

was employed. Great care was observed with regard to such 
important and well-known details as overheating, aging, etc.

A large bath, the temperature of which was varied and 
controlled, supplied a stream of water within which the cup, 
filled with the asphalt under investigation, was immersed. 
A thermometer was imbedded in the asphalt in the center of 
the cup. Preliminary studies showed that the temperature 
in the center of the cup and tha t 1.25 cm. (0.5 inch) away were 
identical, and tha t the presence of the thermometer did not 
affect the penetrometer readings taken half-way between the 
center and the side of the cup. The cups were allowed to 
remain at a constant temperature for 30 minutes before a 
reading was taken, and the thermometer was read before and 
after each set of readings. No variation larger than 0.2° C. 
was allowed. In determining the final value of the penetra-
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tion a t least five readings were taken, the average deviation 
of which, from the average, did not exceed 0.3 mm.

Thirteen asphalts, the characteristics of which are given in 
Table I, have been studied, including asphalts from Vene­
zuelan and Midcontinent asphaltic base petroleums as well 
as native Trinidad Lake. Various processes of manufacture 
are represented: air-blown, steam-refined, and vacuum- 
refined.

T a b l e  I. C h a r a c t e r i s t i c s  o f  A s p h a l t s  S t u d i e d

A sphalt
No.“ Source Process

P en e tra ­
tion b

Softening 
Po in t 

B & R c

1 M exican and Texas Air and  steam 7 298
2 M exican and  Texas Air and steam 11 245
3 M exican and Texas Air and steam 11 232
4 T rin idad  Lake N ative 2 200
5 Venezuelan Vacuum -distilled 8 170
6 M idcontinent Air-blown 25 176
7 M exican and Texas Air and steam 26 193
$ M exican and Texas Air-blown 30 168
9 Venezuelan Air-blown 26 169

10 Venezuelan Vacuum -distilled 26 133
11 Fluxed refined B atch  steam 50 131

12
T rin idad  Lake 
Venezuelan Vacuum -distilled 42 119

13 M exican Steam -refined 220 96

d These num bers refer to  the  curves in  Figures 1, 2, and  3.
b A t 77° F ., 100-gram w eight, 5 seconds. 
c B all-and-ring m ethod.

C hange o f  P en e tra tio n  w ith  T em p era tu re

The experimental data plotted against the temperature 
gave a group of smooth curves (Figure 1). The general simi­
larity and natuie of the curves suggested that some exponential

equation should express the penetration of all asphalts. 
Equation 1 was found to represent the experimental results 
with a high degree of accuracy.

V = A + B X C‘ (1)
where p is the penetration in decimillimeters

t is the temperature in degrees Centigrade 
A , B, and C are constants characteristic of each asphalt

The validity of the equation is proved by plotting log 
(p — A) against t. Straight lines are obtained (Figure 2). 
The equation is further tested by comparing the calculated 
values with those obtained experimentally. These compared 
values are given in columns 2 and 3, and 6 and 7 of Table II. 
The deviations in columns 4 and 8 are in only a few cases 
greater than 0.4 mm., and in terms of percentage the average 
deviation is less than 5 per cent.

Three penetrations a t any three temperatures are sufficient 
for the solution of Equation 1. However, a simplification of 
the solution is gained if the three temperatures are so chosen 
that

13 — 24 +  ii = 0 (2)

If 0° C. is taken for th Equation 1 reduces to the simple form

The values of the three constants calculated for thirteen 
asphalts are given in Table III. In calculating these con-

TA B LE II. COMPARING EXPERIM ENTAL AND CALCULATED VALUES AS A PROOF OF VALIDITY OF EQUATION 1

Tem p. 
° C.

0.0
22 .5  
26 .2
32 .5

0.0
19.0
25 .0
3 0 .0

0.0
16 .5
20.0
26 .4

0.0
3 3 .0
3 8 .0  
4 3 .7

0.0
18.0
23 .2
30 .0
3 4 .0  
3 9 .5

0.0
15.0
20.0  
22.0  
25 .2  
29 .5  
3 3 .0

0.0
19.0 
24 .5
27 .0
30 .0
34 .0  
36 .7

P enetra tion« 
E x p t. Caled.

7 .5
8 .5

5
9 .5

11.5
14

4 .5
8

1
3
5
8 .5

3 .5
6 .5
7 .5

10 .5
13.5
2 0 .5

9
15.5 
19
22
2 5 .5  
32
3 6 .5

11
20
25
28
32
37.
43

4 .0

6 .9
8 .4

5 .0

11.3
13.5

4 .5
7 .8
8 .9  

11.3

1.0
3 .3
5 .0
8.8

3 .5  
5 .9
7 .5  

11.1 
14.3 
21.1

9 .0
16.7 
20 .6  
22 .4  
2ö! 6
3 0 .8
3 5 .8

11.0
20.0
25 .0  
27 .8  
31 .7
3 8 .0
43.1

D evia­
tio n  Tem p. 

0 C.
A sphalt 1 

0 .0  3 8 .5
+ 0 .2  4 2 .5
—0 .6  46 .0
- 0 . 1  53 .2

, A sphalt 2 
0 .0  3 5 .0

- 0 . 3  41 .0
- 0 . 2  4 4 .0
- 0 . 5  50 .0

A sphalt 3 
0 .0  35 .2

- 2 . 0  39 .6
- 0 . 1  50 .0
+ 0 .3  51 .5

A sphalt 4 
0 .0  4 7 .6

+ 0 .3  5 0 .0
0 .0  51 .7

+ 0 .3  55 .0

A sphalt 5 
0 .0  3 9 .8

Penetra tion«

-O .f
0.0+0.6

+0.8
+0.6

4 3 .5
4 4 .5
4 7 .0
52 .0
53 .5

A sphalt 6
0.0 

+  1.2 
+ 1.6 
+ 0 .4  
+0.1 
- 1.2 
- 0 . 7

34 .6
3 7 .5
44 .0
45 .6
48 .0
50 .0  
52 .5

A sphalt 7 
0 .0  41 .3
0.0
0.0

- 0 . 2
- 0 . 3
+ 0 .5
+0.1

44 .0
46.2
4 9 .0  
51 .5
54.0
55.3

E x p t. Caled. D eviation

10 .5 10.2 - 0 . 3
12.5 12.1 - 0 . 4
14 13.9 - 0 . 1
19 19.0 0 .0

Average deviation  2.6%

16 16.2 + 0 .2
19.5 20.1 + 0 .6
2 2 .5 2 2 .5 0 .0
28 2 8 .2 + 0 .2

A verage deviation  1.7%

17 16.1 - 0 . 9
20 19.3 - 0 . 7
2 9 .5 3 0 .0 + 0 .5
32 32 .1 + 0 .1

A verage deviation  2.2%

13 13.1 + 0 .1
17 16.9 - 0 . 1
21 20 .3 - 0 . 7
31 29 .1 - 1 . 9

Average deviation 3.0%

21 2 1 .5 + 0 .5
29 .5 2 8 .3 - 1 . 2
31 3 0 .5 - 0 . 5
39 36 .9 - 2 . 1
55 54 .5 - 0 . 5
57 .5 61.4 + 3 .9

Average deviation  3.7%

4 0 .5 38 .3 - 2 . 2
46 43 .4 - 2 . 6
60 57 .5 - 2 . 5
64 61 .6 - 2 . 4
69 6S.4 - 0 . 6
7 3 .5 74 .5 +  1 .0
82 83 .5 +  1 .5

Average deviation  3.4%

53 .5 5 3 .8 + 0 .3
61 61 .5 + 0 .5
68 .5 68.7 + 0 .2
79 79.2 + 0 .2
9 0 .5 9 0 .0 - 0 . 5

102.5 102.5 0 .0
112 109.6 - 2 . 4

A verage deviation  0.6%

Tem p. 
0  C.

0.0
5 .8

11.0
20.0
24 .5
28 .0
29 .0

Penetra tion0 
E xp t. Caled.

D evia­
tion  Tem p. 

0  C. 
A sphalt 8

P enetra tion0 
E x p t. Caled. D eviation

11.5
14.5 
18 
25
2 9 .5  
34 
34

11.5
14.2
17.3
24 .6
29 .6  
34 .2
35 .7

0 . 0  
- 0 . 3  
- 0 , 7  
- 0 . 4  
+0.1 
+ 0. 2  
+  1.7

3 4 .5
37 .0  
41 .2
4 3 .0
44 .5
50 .5
53 .5

45
48
61
65
68
89

104

45 .0
50.1  
60. 1 
64 .9  
69.3
90 .2  

103.0

0.0 
+2.1 
—0 .9  
- 0.1 
+  1.3  
+ 1.2 
- 1.0

Average dev iation  1.7%
A sphalt 9

0 .0 10 10.0 0 .0 3 3 .5 39 3 8 .7 - 0 . 3
16.5 18 .5 18.1 - 0 . 4 3 6 .8 45 .5 45 .4 - 0 . 1
2 1 .0 21 .5 21 .9 + 0 .4 40 .7 54 55 .0 +  1.0
26 .0 28 27 .3 - 0 . 7 4 4 .0 63 .5 64.9 +  1.4
29 .0 31 31 .3 + 0 .3 48 .2 78 .5 80 .4 +  1 .9
30 .5 34 3 3 .6 - 0 . 4 51 .0 95 9 2 .8 —2 .2

A verage dev iation  l. i
A sphalt 10

0 .0 4 .5 4 .5 0 .0 3 4 .5 56 .5 57 .3 + 0 .8
17.8 15 14 .8 - 0 . 2 3 7 .0 6 9 .5 7 0 .8 +  1.3
24 .1 2 4 .5 24 .3 - 0 . 2 4 1 .0 101 99 .6 - 1 . 4
27 .2 30 31.2 +  1 .2 4 3 .6 129 124.4 - 4 . 6
31 .2 42 4 3 .5 +  1 .5 46 .4 161 158.2 - 2 . 8

A verage dev iation  1.1

A sphalt 11
0 .0 8 8 .0 0 .0 3 2 .0 81 85 .9 + 4 .9

10.0 12 .5 15.2 + 2 .7 3 2 .6 85 90 .3 + 4 .7
12.5 16 18.1 + 2 .1 33 .6 96 98 .2 + 2 .2
15.9 21 .5 23 .4 +  1.9 3 5 .0 113 110.5 - 2 . 5
20 .7 35 3 4 .0 - 1 . 0 3 8 .0 138 142.5 + 4 .5
24 .0 46 44 .4 - 1 . 4 4 0 .0 169 168.9 - 0 . 1
2 8 .8 65 6 5 .8 + 0 .8 4 2 .0 202 200 .3 - 1 . 7

A sphalt 12
0 .0 5 5 .0 0 .0  26 .3

14 .0 12 .5 12.7 + 0 .2  30 .5
2 0 .0 22 22 .9 + 0 .9  3 4 .8
23 .2 34 32 .3 - 1 . 7  4 1 .0

A sphalt 13
0..0 33 3 3 .0 0 .0 14..8
5..7 50 50 .8 + 0 .8 17,.4
9..2 66 6 6 .8 +  0 .8 19 .2

13 .0 86 90 .6 +  4 .6 21..5

Average dev iation  4 .7%

49 4 5 .6  - 3 . 4
7 4 .5  7 4 .0  - 0 . 5

125.5 123.0  - 2 . 5
250 259 .0  + 9 .1

Average dev iation  3.0%

100.5  104.8  + 4 .3
130 129.7 - 0 . 3
151 150.4 - 0 . 6
177 181.9 . + 4 .9

Average deviation  1.9%

1 100-gram w eight on needle 5-second tim e period.
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TEMPERATURE in *C
F i g u r e  1. E x p e r im e n t a l  D a t a  P l o t t e d  a g a in s t  

T e m p e r a t u r e

stants, penetrations were read off the experimental curve at
0.0°, 25°, and 50° C. (32°, 77°, and 122° F.) for all asphalts 
but Nos. 10, 11, 12, and 13. For asphalts 10, 11, and 12 the 
temperatures 0.0°, 20°, and 40° C. were used, and for asphalt 
13 the temperatures 0.0°, 10°, and 20° C.

Constants B  and C can be calculated or read off the curve 
of log (p — A) vs. t (Figure 2). The slope of the straight line 
is log C, and the intercept with the ordinate is log B.

In plotting the straight lines of Figure 2, penetrations at 
round temperatures were read off experimental curves (Figure 
1>-I t may be of interest to point out that B  is a dimensional 
constant, so tha t any temperature scale can be employed by 
modifying B  correspondingly. Relation 2, however, will be 
changed.

S u sc e p tib ility  to  T em p eratu re  C hanges

Differentiating Equation 1 we obtain dp/dt =  B  X In C X 
C‘. I t  follows tha t neither the first nor any other derivative 
is a constant. A further proof, however, that this conclusion 
is an inherent property of the penetration and not merely a

consequence of the authors’ particular empirical equation, 
can be obtained from the nature of the experimental curves 
given in Figure 1. These are not straight lines, nor do they 
exhibit uniform curvature. Any attempt, therefore, to ex­
press the susceptibility of the penetration to temperature 
changes by a constant factor cannot possibly yield an ac­
curate representation of the true property. The rate of 
change is different at different temperatures and this difference 
is not the same for any two asphalts.

T a b l e  III. C o n s t a n t s  o f  E q u a t io n  1 f o r  V a r io u s  A s p h a l t s

: A sphalt A B C

1 3 .06 0 .94 1.0545
2 1.18 3 .82 1.0399
3 1.56 2.94 1.0465
4 0.944 0 .056 1.1197
5 2 .82 0 .68 1.0869
6 0 .77 8 .23 1.0448
7 6.14 4 .86 1.0569
8 2 .63 8 .87 1.0464
9 4 .37 5 .63 1.0555

10 1.73 2.77 1.0908
11 2 .80 5.20 1.0905
12 3.31 1.69 1.1302
13 4 .57 28.43 1.0889

Thus, observing the experimental curves in Figure 1, we 
note that in the case of Trinidad Lake asphalt (No. 4) the 
penetration hardly changes with the temperature up to 30° C., 
while above that temperature the penetration begins to rise 
very rapidly. The other extreme is shown in the case of 
asphalt 13, the penetration of which begins to rise rapidly 
even at the lowest temperature. Asphalt 7 and several others, 
on the other hand, give an even rise throughout the entire 
range.

These facts are not revealed by any one constant factor, 
whereas an accurate representation of fact can be gained by 
the derivative dp/dt. Or, to conform to the usage of ex­
pressing similar variations of other important characteristics 
of matter, such as the coefficient of compressibility, etc., we 
may define the susceptibility of asphalts by the coefficient

F ig u r e  2 . D e m o n s t r a t in g  V a l id it y  o f  E q u a t io n  
p =  A + B  X C‘
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1/p X dp/di. Values of dp/dt for the thirteen asphalts a t 
four different temperatures are given in Table IV.

T a b l e  IV. S u s c e p t i b i l i t i e s  a t  F o u r  D i f f e r e n t  
TEMPERATURES

No. of 
A sphalt t /dé :

dp /d t, 
25° C.

d p /d t, 
46.1° C. î s ^ ë

1 0 .0 5 0 .19 0 .5 8 0 .72
2 0 .1 5 0 .4 0 0 .91 1.05
3 0 .13 0 .42 I .  OS 1.30
4 0.006 0 .43 1.15 1.80
5 0 .06 0 .46 2 .63 4 .30
6 0 .36 1.07 2.72 3 .23
7 0 .27 1.07 3 .43 4 .23
8 0.40 1.24 3 .23 3 .87
9 0 .3 0 1.17 3 .65 4 .50

10 0 .24 2 .56 13.3
11 0 .45 3 .98
12 0.21 4 .35
13 2 .42

Index o f  S u scep tib ility

If a practical simplification is desired for the sake of con­
ciseness, it is possible to obtain a constant which will express 
approximately the relative susceptibilities of different asphalts. 
This can be obtained by evaluating the area under the curve 
of dp/dt vs. t (Figure 3). This area is given by integrating 
the differential with respect to temperature between the 
limits of the desired temperatures.

Index of susceptibility = area under curve dp/dt vs. t

= j  ~d[ dt = pt -  pi (4)

Thus we obtain not only a constant to express the relative 
susceptibilities of various asphalts, but the entire problem is 
a good deal simplified. Only two penetrations a t specified 
temperatures are necessary. I t  must be borne in mind that in 
comparing the indexes of different asphalts the temperature 
range in all cases must be the same. In columns 2, 3, and 4 
of Table V are given the values of such indexes obtained by 
integrating between 0° and 25° C., 0 ° and 40° C., and 0° 
and 50° C., respectively.

T a b l e  V. I n d e x e s  o f  S u s c e p t i b i l i t y

r  2 5 r  4 0 * rbO

No. of / /  S 5 * /  ¥A sphalt J o  dt J  0  dt J  0  dt
4 0 . 9 5 . 1 1 5 .9
1 2 . 6 7 . 0 1 2 .4
2 6 . 3 1 4 .4 2 3 .1
3 6 . 2 1 5 .2 2 5 .9
5 4 .8 1 8 .3 4 3 .1
6 1 6 .4 3 9 .4 6 5 .5
7 1 4 .5 3 9 .5 7 2 .3
9 1 6 .1 4 3 .2 7 8 .1
8 1 8 .7 4 5 . 5 7 6 .7

10 2 1 .6 S 7 .0
11 4 0 .1 1 6 0 .9
12 3 4 .4 2 2 4 .6
13 1 9 1 .5

The order of the susceptibilities is not the same in the three 
columns. This should be expected because of the change in 
the temperature range, since some asphalts are more suscep­
tible than others a t one part of the temperature range and less 
susceptible at another part of it.

I t  might seem superficially that the slope of the straight 
lines in Figure 2, which is equal to log C, could serve as an 
index. Or, since dp/dt = B  X . In C X C, the product 
B  X In C could be used as a factor of the susceptibility. 
Neither, however, gives a series of constants which represent 
the order of the true susceptibilities as noted in Figures 1 
and 3.

In  the early stages of this investigation the authors were 
hopeful that the slopes of the straight lines (Figure 2) could 
be utilized as indexes of the susceptibility. However, as the 
work progressed and a larger variety of asphalts were included, 
it became obvious that these slopes were not true indicators 
of the relative susceptibilities.

In  column 2, Table VI, are given the values of log C, the 
slope of the respective straight lines, multiplied by 100. 
Comparing these values with the obvious susceptibilities as 
seen, if only qualitatively, by the experimental curves 
(Figure 1), it will be noted tha t neither the true order nor 
the relative magnitudes are represented. Thus the slope 
for asphalt 13 can be given as 8.52. This is considerably 
smaller than the values of the slopes of asphalts 12 and 4, 
which are 12.24 and 11.31, respectively. Yet it is obvious 
that susceptibility of asphalt 13 is by far the greatest, while 
the susceptibility of asphalt 4 is one of the smallest. The 
slopes of asphalts 10, 11, and 13 are practically equal—viz., 
8.69, 8.66, and 8.52, respectively—yet their respective sus­
ceptibilities are far apart.

The product B  X In C given in column 3, Table VI, is a 
much better approximation. But comparing these values

F i g u r e  3 . I n d e x  o f  S u s c e p t i b i l i t y
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with the values of dp/dt a t the several temperatures (Table 
IV) it will be seen that the order of the susceptibilities is not 
quite correct in a few cases.

Since it is customary to express the susceptibility as some 
sort of ratio which involves the actual penetration in addition 
to the change in penetration, it was suggested that the index 
p2 — Pi be divided by the penetration a t a given temperature. 
Such ratios are valid only when similar types of asphalts 
are compared. However, discordant results are obtained 
when a large group of asphalts are compared.

I t  is felt, therefore, that the index suggested, p2 — pi, as 
an approximation, is superior to any others. The value of 
dp/dt, however, is the only accurate guide for classifying the 
susceptibilities of large varieties of asphalts.

Index = pioog./S sec./50° C. — pmg-/5 sec./0° C.
17  -  1 16

Index = (p25o*./5 sec./50° C. — p2Mg./5 sec./0° C.) X 
Pioog./5 sec./50° C. _  . _  17
p„o,./5 sec./50° C. 1 ‘ 33.4 15.98

In the case of a soft asphalt, accepting for the sake of il­
lustration 25.8° C. as the upper temperature limit, for asphalt 
No. 10,

Index = PUJ01./5 sec./25.8° C. — pmt-/5 sec./0° C. —
29.5 -  4.5 = 25.0

or

L i n e s  ( F i g u r e  2) a n d  B In C
No. of

A sphalt Log C X 10* ß l n C X  10*
4 11.31 5 .32
1 5.31 4.98
2 3 .91 14.93
3 4 .55 13.34
5 8 .33 5 .66
6 4 .38 36.04
7 5 .53 26.86
9 5 .40 30.36
8 4 .53 40.19

10 8 .69 23.46
11 8 .66 45.00
12 12.24 20.66
13 8 .52 241.87

T a b l e  V I .  V a l u e s  o f _ L o g  C , t h e  S l o p e  o f  t h e  S t r a i g h t  Index (pto*./5 sec./25.8 C. Pw g. / 5  sec./0° C.) X
Pioog. / 5  sec./0° C. /o n  ox 4 .5  „
pMs./5 lec./0° C. -  (20 -  3) T  =  2 5 .5

The agreement in both cases is excellent.

C on clu sion

An equation is found which expresses concisely the varia­
tion of the penetration of various asphalts with temperature. 
The equation represents the experimental data for thirteen 
asphalts of different sources and methods of processing, well 
within experimental error. The present technic followed by 
routine asphalt laboratories of reporting penetrations at 
three different temperatures is found sufficient for solving the 
equation

p  = A +  B X C‘

providing the weight and time period for all three penetra­
tions are the same and the temperatures expressed in Centi­
grade are so chosen that

t ,  -  21, +  h  =  0

i. e., 50°, 25°, and 0° C., or 40°, 20°, and 0° C. This limita­
tion is not essential for the solution of the equation, but the 
solution is simplified a good deal if the suggestion is followed.

By means of this equation it is possible to represent the 
change of penetration with temperature throughout the work­
ing temperature range. The differential dp/dt represents the 
true susceptibility. However, to conform to the usage of 
expressing similar variations of other important character-

E ffect o f  W eig h t u p o n  P en e tra tio n

The above discussion refers to penetrations obtained with 
a needle loaded with the same weight (100 grams) and for the 
same interval of time. I t  may be desirable at times to employ 
different weights. Thus in the case of a very hard asphalt, 
such as No. 4, the penetration is so small that the magnitude 
of the error inherent in the experimental procedure becomes 
appreciable and a larger reading is desirable. On the other 
hand, in case of very soft asphalts, such as No. 13, the penetra­
tion is too great when obtained with 100 grams and a weight 
of 50 grams may be more suitable.

To determine the relation between weight and penetration, 
a series of readings was made using different weights. Several 
asphalts were studied. I t  was found that in all cases the ratio 
of two penetrations obtained with two different weights was 
practically constant over the entire temperature range. 
The experimental results are given in columns 2, 3, 4, and 5 
of Table VII. In columns 6, 7, and 8 are given the ratios of 
penetration obtained with three different weights. This 
fact can be utilized whenever it is desirable to measure pene­
tration with a weight smaller or larger than 100 grams.

The index then for a soft asphalt is

T a b l e  V I I .  E f f e c t  o f  W e i g h t  u p o n  P e n e t r a t io n

-P en e tra tio n s- P enetra tion  R atios

(pwj./5 sec./40° C. — p6pe./5 sec./0° C.) X
P100S./5 sec./0° C. 
psoj./ö sec./0° C.

or in case of a hard asphalt

(P 2 « g ./5  sec./40° C. or 50° C. -  pme./5  sec./0° C.) X
Piooii./5 sec./40° or 5 0 °  C. 
P200J./5 sec./40° or 5 0 °  C.

The accuracy of this conversion will depend upon the 
constancy of the ratio of the two penetrations throughout the 
temperature range.

As practical illustrations of the possible deviation we can 
calculate the index for a hard asphalt, No. 4, and a soft as­
phalt, No. 10, using the data given in Table VII.

For No. 4,

Tem p. 50 g. 100 g. 200 g. 250 g.. 100/50 100/200 100/250
0 C.

A sphalt 8
0 .0 5 .0 9 .0 1 4 .0  16.0 1 .80 0.653 0.562

20 .0 14.5 24 .8 36 .2  41 .2 1.71 0.685 0.602
25 .0 17.5 30 .0 4 4 .5  51 .4 1.71 0.674 0.583
30 .0 20 .9 36 .3 54 .7  65 .0 1.74 0.663 0.558
35 .0 25 .6 45 .2 68 .2  8 4 .0 1.76 0.663 0.538
40 .0 31 .8 56.4 1.74

Av. 1 .74 O’. 677 0 i568
A sphalt 4

0 .0 1 .0 2 .0 0 .5
3 0 .0 2 .5 4 .6  5 .8 o !s4 0 .4 3
3 5 .0 3 .6 7 .0  8 .0 0 .51 0 .45
40.0 6 .0 11.6  13.3 0.517 0.451
45 .0 10.1 18.1 21 .6 0.559 0.467
27 .0 17.0 2 7 .3  33 .4 0 .623 0.509

Av. 0 .550 0.468
A sphalt 6

0 .0 4 .5 7 .0 11 .0  12 .0 1.55 0.636 0.583
25 .8 17.0 25 .5 4 0 .5  4 6 .0 1 .50 0.603 0 .550

A sphalt 9
0 .0 5 .5 9 .0 13.5  16 .0 1.63 0.666 0.563

25 .8 17 .5 28 .0 4 5 .5  51 .0 1.60 0 .615 0 .550
A sphalt 10

0 .0 3 .0 4 .5 7 .0  8 .5 1 .5 0 .643 0.529
25 .8 2 0 .0 2 9 .5 49 .0  56 .5 1.48 0.602 0.522
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istics of matter, such as the coefficient of compressibility, 
etc., we may define the susceptibility of asphalts by the coef­
ficient 1 /p  X dp/dt. This can be advantageously used for 
classification of all asphalts, regardless of their sources or 
methods of processing, providing the above empirical equa­
tion, or a similar equation, expresses the experimental varia­
tion of the penetration with temperature.

Unfortunately, this coefficient is not a constant. The 
established usage of asphalt laboratories is to employ some 
sort of a constant factor for the classification of asphalts. 
The numerous methods of deriving these factors are no doubt 
found useful by the laboratories using them, and some labora­
tories find one factor more useful than another. None of 
these factors, using penetration as a basis, represents the true 
susceptibility, though for limited groups of asphalts the repre­
sentation is no doubt sufficient for practical purposes, es­
pecially since such factors are employed primari!}1’ for pur­
poses of identification rather than classification.

The authors suggest, therefore, as an approximation, a 
constant factor to represent the susceptibility, the definite 
integral of dp/dt between the limits of the desired temperature. 
This integral is equal to p 2 —  P i -  I t  is found that this factor 
represents the true order of the susceptibilities and, ap­
proximately, the relative magnitudes of all asphalts studied 
in this investigation. Several other possible expressions

which suggested themselves were found to be of no intrinsic 
value.

I t  is further shown that the ratio of penetration obtained 
with different weights a t different temperatures is practically 
constant. This makes it possible to Use penetration of a 
hard asphalt obtained with 200 or 250 grams and that of a 
soft asphalt with 50 grams and the respective indexes are 
nevertheless rigorously comparable.
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Determ ination o f Nitric Oxide in Coke-Oven Gas
J .  A. S lIA W , T h e  K o p p c rs  C o n s t r u c t io n  C o m p a n y ,  P i t t s b u r g h ,  P a .

ABOUT six or seven years ago the problem of stoppages 
in small orifices of gas distribution systems began to be­

come acute. Investigation soon showed that minute amounts 
of organic nitro compounds were responsible for a considerable 
portion of this trouble. The original general theory was that 
nitric oxide (NO) formed in the combustion gas of the oven 
flues and perhaps elsewhere found its way through the oven 
walls into the gas, slowly oxidized to nitrogen peroxide, and 
combined with unsaturated hydrocarbons present in the gas 
to form gummy deposits in the distribution system.

I t  was found that the amounts of gum involved were almost 
unbelievably small, and that therefore no simple method of 
determination, such as filtering and weighing, was likely to be 
successful. The fact that a distinctly ultrasensitive method 
was needed sharply limited procedure. I t  was perhaps for­
tunate, however, that derivatives of nitrous acid were in­
volved, since delicate color tests for this substance were well 
known and are among the most sensitive chemical tests 
available to the analyst. Therefore, the analytical attack 
was made against the nitro group.

Tropsch and Kassler (5) suggested introducing the gas into 
a large flask together with a large fraction of oxygen, and 
adding caustic soda solution which was later added to an 
acetic acid solution of an amine, such as Griess-Uosvay re­
agent. The whole was shaken for 20 minutes and the color 
produced in the solution compared with standards. This 
was cumbersome and had the distinct disadvantage that the 
largest feasible size of sample was so small that the method 
was of practical value in only a few cases where the concen­
trations of nitric oxide were relatively high.

Shortly after this Schuftan (2) published a dynamic method 
in which the gas was scrubbed -with potassium hydroxide solu­
tion, dried with potassium hydroxide pellets, mixed with one- 
half its volume of oxygen, passed through a delay bottle for 
an interval of 15 minutes, and then scrubbed with a solution

of m-phenylenediamine (diaminobenzene) in dilute acetic 
acid. The color formed was a measure of the nitric oxide 
present.

This was a distinct improvement over the other methods. 
The size of sample was substantially unlimited and the shak­
ing entirely eliminated by this procedure. Since only a frac­
tion of the nitric oxide present was recovered, for both of these 
methods a reference curve was employed, apparently based 
upon the calculations of Bodenstein or upon direct calibration 
of nitric oxide-nitrogen mixtures. So far as the m ite r is 
aware, not many data have been presented for nitric oxide re­
covery based upon small known additions of nitric oxide to 
nitric oxide-free coke-oven gas.

Fulweiler (1) has described a modification of the Schuftan 
dynamic method which involves mixing the gas with an equal 
volume of oxygen, allowing the mixture to react for approxi­
mately 1.5 minutes, and then absorbing the nitrogen tetroxide 
(NO;) formed directly in Griess reagent. He claims that there 
is a catalyst present in manufactured gas that accelerates the 
conversion of nitric oxide into nitrogen tetroxide. Later 
Fulweiler extended the application of this method to a con­
tinuous recording instrument for the determination of nitric 
oxide in gas.

Tests by the writer upon nitric oxide in nitrogen showed a 
very fair agreement with the Schuftan curve. This reference 
curve shows a marked variation in the amount of recoverable 
nitric oxide, depending upon the concentration of the nitric 
oxide originally present in the gas. Where there is a nitric 
oxide concentration of several hundred parts per million the 
correction factor is substantially unity. For 10 p. p. m. it is 
about 10, for 1.0 p. p. m. it is about 200, etc.

When the author’s work was started on coke-oven gas it 
was apparent that this nitrogen curve did not apply. As an 
actual m atter of fact, the particular method subsequently 
standardized by the writer for use on coke-oven gas shows a
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factor of very approximately 2 for all concentrations of nitric 
oxide tested.

This difference made a fundamental study of analytical 
methods a matter of first importance. A survey of available 
lines of attack seemed to indicate that the most profitable 
procedure would be to continue along the lines of Schuftan’s 
initial effort.

One of the most difficult problems connected with the search 
was the preparation of a synthetic sample of known nitric 
oxide concentration. This involved the production of a 
nitric oxide-free gas. Since the composition of the gas had a 
marked effect upon the nitric oxide recovery as shown by the 
author’s experience with nitrogen, it seemed that the least 
possible treatment of the gas to remove nitric oxide was the 
best. Chemical treatment in particular was open to ques­
tion, especially since so little was known at the start about the 
chemical properties of the substances involved.

The method finally adopted for producing nitric oxide-free 
gas consisted in compressing the gas containing about 0.5 per 
cent of oxygen to 2.1 kg. per sq. cm. (30 pounds per square 
inch) gage pressure and allowing it to stand several hours, 
usually overnight.

A cylindrical pressure-tank having about 0.5 cu. m. (17 
cubic feet) displacement was set up outside the building, and 
was connected to the gas main on the pressure side of the 
plant gas booster. Oxygen was added in the form of air be­
fore the tank was opened to the line pressure. After collect­
ing the sample, the inlet valve was closed and the pipe con­
necting it to the gas main was vented to the air (as shown in 
Figure 1) to prevent any possible contamination of the sample 
with untreated gas. A Schuftan test of 7 hours’ duration run 
upon gas treated in this manner gave a zero blank. I t  was 
therefore considered that this part of the problem had prob­
ably been solved.

The next step involved the addition of small known 
amounts of nitric oxide to this gas. The concentrations in 
which the author was interested were seldom greater than 1 
p. p. m. and sometimes one one-hundredth of this. Since 
the author’s apparatus used about 0.03 cu. m. (1 cubic foot) 
of gas per hour, this meant a distribution into the gas during 
a period of 1 hour of not more than 0.03 ml. of pure nitric 
oxide gas. Owing to the necessity of especially preparing a 
nitric oxide-free gas, there were distinct limitations upon the 
amount of gas it was practical to waste. On the other hand 
the nitric oxide could not be diluted with nitrogen with im­
punity because of the traces of oxygen that this gas usually 
contains and which would react with some of the nitric oxide. 
Therefore, while in actual operation the figure of 0.03 ml. of 
nitric oxide per hour was increased somewhat by dilution, etc., 
the additions of nitric oxide-bearing gas to the main gas 
stream were seldom more than 0.1 to 0.2 ml. per hour and

F i g u r e  1 . A p p a r a t u s  f o r  M a k in g  a n d  A n a l y z in g  S y n ­
t h e t ic  S a m p l e s  o f  N i t r ic  O x i d e  i n  C o k e -O v e n  G a s

sometimes much less. A flow sheet of the apparatus used in 
making this synthetic sample appears in Figure 1.

The gas impounded in tank A at 2.1 kg. per sq. cm. (30 
pounds per square inch) gage pressure, as previously described, 
passes through the service governor, B. This is a weight-type, 
“pounds-to-inches” governor. After passing the point of nitric 
oxide enrichment in the manifold, J, the gas is mixed as shown in 
an empty 19-mm. (0.75-inch) test tube, M. Immediately follow­
ing this mixing, an aliquot is withdrawn for analysis. It was origi­
nally hoped that the gas could then be simply passed through a 
seal, measured, and wasted. However, this nitric oxide metering 
apparatus requires constancy of flow and constancy of pressure 
of a fairly high order throughout the period of the "test, and the 
nearer the pressure is to that of the atmosphere the better the 
results obtained. A change of 2.5 mm. (0.1 inch) of water pres­
sure at L  has a marked effect on both gas rates. With the pres­
sure at A varying from 30 pounds or more down to a few inches of 
water, the gas governor could not quite meet the requirements.

The combination N, P, R was, therefore, designed and in­
stalled. N  is an ordinary 0.1-cu. foot wet test meter. The large 
indicating hand and meter shaft are soldered to the low-speed 
shaft of a worm-type reducing gear (200 to 1 ratio). The high­
speed shaft of the reducer is directly connected to the shaft of a 
synchronous motor taken from a Saja pump, such as is used with 
aquariums. Since these meters have only about a 13-mm. (0.5- 
inch) water seal, the water in the meter was adjusted to a point 
slightly above its normal level to provide a somewhat greater 
margin of safety. After N, the gas passes through a water seal, S, 
and is wasted through a 0.1-cu. foot wet test meter not shown in 
Figure 1. The water level in S  can be adjusted by means of tube 
T  and cock 1C. At the start the gas is turned into the line and 
the water level in S  adjusted so that the amount of gas passing 
through A' (with motor running) as shown by the waste gas meter 
reading is approximately equal to the amount that would nor­
mally pass through N  if the meter were traveling at this speed 
under normal metering conditions. For this mechanical setup 
the speed was fixed at 1.7 liters (0.06 cu. foot) per minute. The 
net effect obtained then is that the meter Ar at the start is running 
approximately free or perhaps actually slightly impeding the gas 
flow; but as the pressure dies down during the run, the meter 
tends to pick up the load slightly. At intervals during the 
operation the waste meter is timed and factors calculated for N  
to arrive at a measure of the correct gas flow. These factors in­
dicated that during a period of 4 hours the line pressure gradually 
dropped 5 to 8 mm. (0.2 to 0.3 inch) but giving a drop of only 2 
or 3 per cent in gas flow.

The bottom of the system D, G, K  is sealed with pure dry mer­
cury. D is a glass tube 5 cm. (2 inches) in diameter and about
2.1 meters (7 feet) long. G is a 1-ml. pipet (Bureau of Standards 
certified) having a graduated scale about 18 cm. (7 inches) long 
and divided into 100 parts. It is therefore possible to read the 
scale to 0.001 ml. with fair accuracy from a mechanical stand­
point. The capacity of the tube at a large number of points was 
determined gravimetrically and compared with the Bureau of 
Standards’ delivery calibration. The accuracy of the scale was 
found to be well within the over-all accuracy of the work. The 
buret, G, is sealed into the system as shown. The capacity of 
the unknown gas volume at the top enclosed between the top of 
the scale and cocks 13 and 14 was determined for use in calculat­
ing the effect of temperature and pressure changes on the volume 
of nitric oxide delivered to / .  F is a water jacket; H is a ther­
mometer; K  is a pressure-compensating device; L  is a water- 
filled manometer. The top of G above cock 14 is 1-mm. capillary 
tubing, drawn down at the tip to a microscopic opening. In 
this instance the orifice was 0.01 mm. in diameter or less as de­
termined by microscopic measurement. This provided a linear 
velocity for the nitric oxide at the tip sufficient to prevent diffu­
sion of the coke-oven gas backward into-ff. The diffusion rate of 
this gas is of the order of magnitude of about 15 cm. per minute 
under these general conditions. The tip of G extends into a some­
what constricted arm of a T leading into the main gas line. 
Through a side arm a small amount of nitrogen is introduced to 
carry the nitric oxide definitely and regularly into the gas’stream.

The storage tube, E, is filled with pure dry nitric oxide pre­
pared in a manner described later, whence it is transferred to 
flush and to fill G as desired. During all tests, cocks 9, 10, 11, 
and 13 and the contiguous portions of the 2-mI. capillary tubes 
leading from them are filled with mercury, thus providing a posi­
tive gas seal. Care was always taken to keep a slight positive 
pressure differential on the nitric oxide at all times. During 
operation the nitric oxide is forced from G into J  by allowing 
water from the overflow device, C, to run slowly down the sides 
of D onto the surface of the mercury. In this manner the ap­
paratus could be run continuously for a period of 7 hours or more.
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F i g u r e  2. A b s o r b e r  w i t h  L o w  B a c k  P r e s s u r e

The measurement of nitric oxide added to the gas is accomplished 
by reading the mercury level in G a t the beginning and at the end 
of any test together with the line pressure, barometric pressure, 
and temperature. The difference between the two corrected gas 
volumes represents the volume of gas (N. T. P.) forced from G. 
In connection with corrected meter readings and dilution factors, 
if any. the p. p. m. of nitric oxide in the gas can be calculated with 
considerable accuracy. The metering apparatus was run under 
conditions such that the temperature changes rarely amounted 
to more than 0.5° C. per day. The probable over-all accuracy 
of the metering apparatus is believed to be about 2 per cent.

For the preparation of the nitric oxide a nitrometer of the Du­
Pont type was used. For the lower range of concentrations the 
nitric oxide was diluted with nitrogen. It was considered unsafe 
to use dilutions greater than 1 to 10, and in preparing even these 
dilutions a special technic was employed. A solution of a known 
amount of potassium nitrate was prepared and analyzed by means 
of the nitrometer. A measured amount of nitrogen was then in­
troduced into the clean nitrometer, followed by a measured 
amount of the potassium nitrate solution and the required 
amount of sulfuric acid. The nitrometer was then shaken for 
2 minutes and allowed to stand for 15 to 30 minutes with occa­
sional shaking. The gas was then ready to transfer to tube E  of 
the metering device through cock 9. E  was always first flushed 
with nitrogen and then two or three times with the nitric oxide 
mixture to remove traces of oxygen before the final filling.

After passing through the mixing tube, M, the nitric oxide- 
enriched gas is ready for analysis or other study. Various 
analysts working separately found it desirable to make 
changes in the details of the Schuftan procedure as originally 
published. The bubbler tube scrubbers were not satisfac­
tory from an efficiency standpoint and more efficient scrub­
bers were substituted. Also many analysts felt tha t the 
apparatus should be protected from any ammonia that might 
get into the line at times and which in any considerable quan­
tity  would certainly ruin the test. All these changes and 
additions increased the back pressure on the apparatus until 
the average Schuftan apparatus was operating under 0.10 to 
0.15 kg. per sq. cm. (1.5 to 2.0 pounds per square inch) pres­
sure. This usually required a pump which was disadvanta­
geous from several viewpoints.

For these reasons the writer used a scrubbing apparatus 
which has previously been described by him (3). I t  is de­
signed especially for removing a very small amount of sub­

stance from a large amount of gas with a small amount of re­
agent and with a very low operating back pressure [usually 
less than 13 mm. (0.5 inch) of water], A sketch of this 
scrubbing apparatus is shown in Figure 2.

In the lower right-hand corner of Figure 1 is shown a flow 
sheet of the analytical apparatus as finally designed. ■

M ateria ls  R eq u ired

For the operation of this method the following materials 
wall be required:

Apparatus
2 Shaw absorbers (3), rubber stopper type 
1 Shaw absorber (3), glass stopper type
1 aspirator bottle, 2-liter capacity, with straight sides, approxi­

mately 11.5 cm. (4.5 inches) in diameter X 18 cm. (7.25 inches) 
to base of neck. Kimball’s "Exax”

1 flowmeter, capable of indicating 0.00198 cu. meter (0.07 cu.
foot) per hr.

1 wet test meter (0.1-cu. foot type)
1 set Nessler tubes, tall form, 50-ml. capacity 
0.5 kg. (1 pound) solid glass balls, 5 mm. (Eimer and Amend 

catalog No. 17602)
1 calcium chloride drying tube 12.5 cm. X 1.5 cm. (5 X 0.61 

inches) (Eimer and Amend Catalog No. 22532)
1 glass tee, 6 mm.
3 tool clamps, adjustable spring type (convenient for holding ab­

sorbers)
1 small gas governor (No. 28, Fisher Governor Company, Mar­

shalltown, Iowa, optional)
Necessary supports and general laboratory apparatus 
Suggested: 1 iron stand 12.5 X 20.0 X 50 cm. (5 X 8 X 20 

inches) (Eimer and Amend catalog No. 31882); 4 clamps, 22.5 
cm. (9 inches) (Eimer and Amend catalog No. 20206); 4 clamp 
holders (Eimer and Amend catalog No. 20240).

Chemicals
Sulfuric acid, c. p.
Potassium hydroxide, c. p ., large pellets 
Sodium nitrite (Baker and Adamson analyzed) 
m-Phenylenediamine (Eastman technical) (1,3-benzenediamine) 
Activated charcoal, Nuchar, powdered 
Oxygen
Acetic acid, glacial 
Acetone, c. p.

Solutions
Sulfuric acid, 10 per cent by volume of 95 per cent acid (approxi­

mately)
Potassium hydroxide 30 per cent solution (approximately)
w - P h e n y l e n e d i  a m in e  R e a g e n t  S o l u t i o n .  Pour hot water 

on 5.0 grams of the crystals. Stir to dissolve, add 25 ml. of 
glacial acetic acid, and dilute to 1 liter. This solution will keep 
more or less indefinitely in a stoppered bottle. Portions must be 
clarified with charcoal before use, since light and air slowly cause 
a darkening of the solution. To clarify, place 300 to 500 ml. in a 
1-liter beaker, add about one heaping teaspoonful of Nuchar, 
heat to above 60° C., but avoid boiling. Stir to wet the charcoal 
thoroughly, and filter through a free-flowing paper substantially 
free of nitrite. In starting the filtration fill the paper cone to de­
stroy at once any nitrite residues and allow a generous portion of 
the Nuchar to pass into the filter. The first filtrate will be cloudy. 
When it has started to run clear, return the cloudy portion to the 
original beaker and catch the filtrate in a clean glass-stoppered 
bottle. Do not wash filter. The solution should be water- 
white. Keep away from strong direct light. It is suggested 
that this solution be clarified daily, although the analyst can use 
his own judgment in this regard. It is simply a matter of color 
interference that is involved.

S t a n d a r d  S o d iu m  N i t r i t e  S o l u t i o n .  Stock solution, 
0.300 gram of sodium nitrite dissolved in exactly 1 liter of dis­
tilled nitric oxide-free water. Standard solution, exactly 10.0 
ml. of the stock solution diluted to 1 liter with nitrite-free dis­
tilled water. This is one-tenth the strength of the solution rec­
ommended by Schuftan but is more convenient to use. Some 
analysts add a drop of chloroform to this solution as a preserva­
tive. The ultimate standard for this work is silver nitrite 
(A g N O ?) prepared according to Treadwell and Hall (4).
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M ech a n ica l A rran gem en t o f  A pparatus

The general idea of the procedure is to pass a known 
amount of gas through scrubbers containing acid and both 
liquid and solid alkali, to mix it with a known amount of oxy­
gen (5 per cent in this case) and, after subjecting it to a time 
delay, to scrub it with an amine and read the color formed.

Accordingly, on a suitable support in series arrangement the 
two rubber-stoppered absorbers, U and U' (Figure 1), are set up 
followed by the calcium chloride tube, V, which delivers into a 
lass T, One end of which is fitted into the top of the 2-liter delay 
ottle, W, and the other end of which is connected to the oxygen 

supply. Following the delay bottle the glass-stoppered absorber 
U" is placed. This in turn is connected to deliver to the 0.1-cu. 
foot wet test meter, N \  Oxygen is introduced at the point 
above mentioned after having been measured by flowmeter Y. 
The calcium chloride tube, V, is in an inverted position. The 
large end at the bottom is closed by a rubber stopper carrying a 
glass lead tube which extends about 25 mm. (1 inch) into the 
calcium chloride tube beyond the edge of the rubber stopper. 
The end of the lead tube is shielded by a glass thimble. This 
makes a simple and effective potassium hydroxide drying tube.

During operation the first scrubber, U, contains 10 ml. of the 
dilute sulfuric acid plus 2 or 3 ml. of the m-phenylenediam ine re­
agent. Scrubber U' contains 15 ml. of the potassium hydroxide 
solution. The calcium chloride tube contains 5 to 8 cm. (2 to 3 
inches) of potassium hydroxide pellets. Bottle W is empty and 
dry. The glass-stoppered absorber, U”, contains 10 ml. of the 
m-phenylenediamine reagent solution.

This apparatus may be set up around an ordinary labora­
tory iron stand with iron clamps, in which case it is readily 
portable and easily cleaned, or it may be mounted on a board 
with the bottle in the rear. With the original Schuftan ar­
rangement a large bottle filled with an explosive gas mixture 
was used and the board was more or less mandatory. The 
present bottle is much smaller, and the mixture containing 
only 5 per cent of oxygen is outside the explosive range for 
this mixture as determined by the United States Bureau of 
Mines.

P rocedure

Gas is turned into the apparatus a t such a rate that, when 
combined with 5 per cent oxygen, it will undergo in the bottle 
an average delay period of 3 minutes. This represents a flow 
of about 37.7 liters (1.33 cu. feet) of coke-oven gas per hour and 
2 liters (0.07 cu. foot) of oxygen per hour.

Before connecting up the m-phenylenediamine absorber, 
the gas mixture is allowed to flow through the apparatus at 
least 20 minutes to establish equilibrium.

The absorber, U", is then placed in the line, the meter read, 
and the gas rate adjusted if necessary. The test is allowed to 
run until a conveniently readable color has developed in the 
reagent solution in U". This time may vary from a few 
minutes to several hours, depending upon the concentration 
of nitric oxide in the gas. The absorber is then removed and 
the meter read. The gas flow through the apparatus is not 
interrupted between tests. I t  is suggested that the optimum 
depth of color is the amount developed by 3 to 5 ml. of the so­
dium nitrite standard solution (0.003 gram per liter of sodium 
nitrite).

When the gas scrubbing has been completed, the absorber 
content is washed into a Nessler tube, diluted to the mark 
with nitrite-free water, and mixed. It is then compared with 
a standard tube in the following manner:

Choose a standard tube having a slightly paler color than the 
unknown tube. Into a roughly calibrated graduated cylinder, 
remove portions of the unknown solution until the color of the 
unknown matches the standard. Note the number of milliliters

50
of solution in the unknown tube. Then ml. in unknow n!®  X
ml. of sodium nitrite solution in standard tube = ml. of standard 
solution equivalent to the color developed in the test.

Both the amount of m-phenylenediamine and the concentra­
tion of acetic acid in these colored solutions are capable of affect­
ing the depth of color. It is therefore recommended that for the 
final comparisons the tubes compared shall contain the same 
volume and depth of liquid and the same concentration of re­
agents.

The standard tube mentioned above is prepared by measuring 
into it with a Mohr pipet a chosen number of milliliters of the 
dilute sodium nitrite solution (0.003 gram per liter of sodium 
nitrite) and following with this 10 ml. of the ?n-phenylenediamine 
reagent solution. The tube is shaken to mix and let stand about 
20 minutes. It is then diluted with nitrite-free distilled water to 
the mark, and upon mixing it is ready for use. The tubes con­
taining 2, 3, 4, and 5 ml. of standard solution are usually most 
convenient.

From the above data the concentration of nitric oxide in 
the gas can be calculated. In most cases, the probable error 
of this comparison can be held under 3 per cent without great 
difficulty.

Cal c iila  tio n s
Assume the following test data: Volume of mixed gas reduced 

to 60° F. and 30 inches of mercury = 0.444 cu. foot. Color de­
veloped during test = 4.2 ml. of standard solution.

4.2 X 0.03SS __ . . . .  . . .  ,Then   Q'j 'j 'j   = 0.37 p. p. m. of nitric oxide in coke-oven
gas (observed value).

Where gas volumes are corrected to 0° C. and 760 mm. of mer­
cury, use factor 0.0362 instead of 0.0388.

D iscu ss io n  o f  M eth od

Most analytical methods are empirical. This method is 
markedly so. Any change in apparatus or procedure is likely 
to produce a change in results, and even the shape of the bottle 
is important. The indicator is ultrasensitive. Ultrasensi­
tive technic must, therefore, be employed.

This method is designed for use with coke-oven gas. I t  is 
believed that it cannot be used for water gas analysis without 
some change.

Griess reagent apparently cannot be used interchangeably 
with m-phenylenediamine. While the former is certainly 
more delicate, tests by various analysts in the author’s or­
ganization indicate that it is less active a t normal room ‘tem­
peratures.

The m-phenylenediamine reagent should be shielded from 
strong light which causes a darkening effect, giving falsely 
high results. I t  may be handled with impunity indoors or 
out of direct sunlight. Out-of-doors, it is recommended that 
the container be covered with a cloth or otherwise shielded. 
Any damage due to light is usually evident to the observant 
eye. This may have been the source of off-colors frequently 
reported in the early days of this work.

Because of a purging lag 'which is more or less inherent in 
this type of setup, the apparatus cannot be used on gas of 
high nitric oxide content and then after a short purge be 
safely used on gas of a low nitric oxide content. The appara­
tus must first be cleaned. This consists in rinsing out and re­
placing all chemicals and in rinsing out the delay bottle with 
water and with acetone, and in blowing with air or other 
nitric oxide-free gas to remove the acetone thoroughly. 
Small amounts of acetone seriously interfere with color forma­
tion in the m-phenylenediamine. This cleaning process re­
quires about 10 minutes. I t  is recommended that this clean­
ing be done daily.

With this method of procedure, the observed value for 
nitric oxide was found to be almost exactly half the true 
value. Fairly authentic tests run a t three different coke 
plants indicated that this factor is common to all of them.

Flowmeters have been used by some workers for measuring 
the gas as well as the oxygen. The writer has observed in­
stances where the flowmeter orifice has caused a deposit of
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gum from the gas. A flowmeter is, therefore, not recom­
mended for this purpose.

The small gas governor with spring-type adjustment af­
fords a convenient, though not entirely necessary, means of 
keeping a constant pressure a t the inlet of the apparatus, 
thus aiding gas flow adjustment. I t  would, of course, be 
open to the same objection as the flowmeter. I t  is possible 
that both might be placed after the apparatus.

The foregoing method applies only to gas carrying small 
amounts of ammonia and hydrogen sulfide, as will be realized 
upon considering the quantities of acid and alkali employed. 
If it is desired to use the method on unpurified gas, it is sug­
gested tha t the gas be first passed through a single bubbling 
bottle each of the acid and alkali solutions. The bulk of the 
solutions should be no greater than necessary and the bottles 
should be as nearly full as convenient. The principal purpose 
of the potassium hydroxide appears to be the removal of ac­
tive sulfur compounds and the control of humidity.

Apparatus of this type determines neither suspended gum 
particles nor nitrogen peroxide. I t  is obvious tha t either of 
these substances existing in the gas sample in a form that can 
be absorbed will be removed before the gas reaches the delay 
bottle. Ordinarily, though not always, these substances are 
present in negligible amounts only.

Some of the nitric oxide in the gas goes through the appara­
tus untouched, as shown by the fact that when two of these 
analytical setups are run in series, a small amount of color 
will be formed in the second. However, this seems to be a 
fairly constant percentage of the whole and is taken care of 
by the factor of 2 previously mentioned. This factor is an 
over-all correction figure derived from nitric oxide found 
divided by nitric oxide added.

I t is customary to report observed values rather than ac­
tual values for nitric oxide, which in this case are half the ac­
tual. I t  is therefore important to indicate whether figures 
used are observed or actual.

The writer prefers to report the nitric oxide in parts.per 
million (by volume). I t  is a universally understood unit, in 
plant work it is usually a simple decimal rather than a mixed 
number, and it has the advantage of being a scientifically 
correct and accepted nomenclature.

The 3-minute contact period was chosen as the result of a 
series of experiments which showed that the percentage of 
nitric oxide recovered increased very sharply up to a period of 
about 2 or 2.5 minutes’ delay time and then gradually dropped 
off. A 3-minute period, therefore, gave a point of approxi­
mately maximum recovery, and at the same time allowed for 
small rate variations on either side of the theoretical without 
causing large errors in the results obtained. Figure 3 shows 
the result of this series of tests.

The oxygen required in the delay bottle is not a critical 
amount. The percentage recovery of nitric oxide was about 
the same with a concentration of 0.5 per cent and with one of 
50 per cent.

T a b l e  I . E f f e c t  o f  T e m p e r a t u r e  u p o n  N i t r ic  O x i d e  
A n a l y s is

E xpt.
v  U3C1 V V|

P er C en t of A ctual NO
No. A ctual in  Gas T em peratu re

P . p. rn. . 0 C.
69 T l 58 0 .11 48

T2 55 0 .11 48
70 T l 56 0.11 50
71 T l 52 0 .12 25

T2 58 0 .13 48
72 T l 53 0.16 23
76 T l 52 1.12 23
77 T l 60 1.07 44

T2 47 1.08 48
T3 53 1.06 50
T4 48 1.10 50
T5 52 1.07 49
T6 47 1.08 49

T a b l e  II. A c c u r a c ie s  A t t a in e d

R em arks
E xp t. A dded NO P er C en t c

Ño. (Actual) 
P . p .  V I.

A ctual

11-367-30 0.000 0.000
E-63 0.057 60
E-64 0.11 52
E-64 0 .12 51
E-71 0 .12 52
E-72 0 .1 6 53
E-94 0 .89 55
E-94 0.91 54
E-94 0 .8 8 56
E-95 0 .9 0 57
E-95 0.94 58
E-93 0 .93 52
E-93 0 .9 5 52
E-9S 1.02 57
E-S125 1.51 51)
E-S125 1.51 53 J
E-96 1.91 53
E-96 1.89 56
E-96 1.84 53

000 N o color during  7-hr. run

P er cent of oxygen «■* 5.0 
Per cent of oxygen =  9.2

Gas from  p la n t I I

F ig u r e  3. R e l a t io n  o f  D e l a y  T im e  t o  O b s e r v e d  N i t r ic  
O x id e

The delay bottle should be dry a t all times. The gas in the 
bottle should be substantially below its saturation point. 
Very erratic results can be obtained by ignoring this point.

A sample line should never be heated during the time the 
nitric oxide apparatus is on the line. I t  is suggested that the 
sample lines be oversize and as short as possible and arranged 
so that they may be blown out with steam and cooled and 
purged before the nitric oxide apparatus is put on the line. 
Very high results can be obtained by heating a fouled sample 
line.

The apparatus should be used in a room having a reason­
ably even temperature. I t  was not observed by the writer 
that ordinary changes in temperature had any very drastic 
effect on the results. I t  is, however, possible to produce in­
correctly high results by effecting a sharp and unusual rise in 
temperature, especially if the apparatus is unclean or has been 
operating for a long period. I t  is also true that at greatly 
reduced temperatures the ??i-phenylenediamine reagent ap­
pears to lose some of its activity. I t  is therefore recom­
mended tha t when working below 18° C. (65° F.) low tem­
perature be compensated for. I t  is believed that this condi­
tion will be encountered so seldom that it is unwise to burden 
the regular setup with a thermostatically controlled container.

A great deal of discussion has centered around the desira­
bility of putting the setup under thermostatically controlled 
conditions. To do this properly would be expensive and 
would result in a cumbersome setup. The writer does not 
believe it is necessary. With a clean setup, good results can 
be obtained at advanced temperatures as Table I will indicate. 
During this test series, it appeared that the heated appara­
tus tended to give more erratic results than the unheated. In 
view of the conditions involved, this is not especially surpris­
ing.

Table II  gives a general idea of the accuracies attained.
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In E-95, the per cent of oxygen was nearly doubled without 
apparent effect upon the recovery of nitric oxide.

At a certain large coke plant, not included in the previous 
discussion, the gas was being experimentally treated for nitric 
oxide removal on a full plant scale. I t  was known that the 
method employed gave uniform and nearly complete removal 
of nitric oxide under optimum conditions. A series of routine 
efficiency tests, run daily upon this treater by this method for 
a period of about one week, showed removal efficiencies of 94, 
93, 97, 93, 96, and 95 per cent.

S u m m a ry
An improved method for determination of the traces of 

nitric oxide usually found in coke-oven gas and the procedure 
used to check this analytical method, by adding extremely 
small measured amounts of nitric oxide to nitric oxide-free 
coke-oven gas, have been described.

By use of this analytical method approximately one-half 
of the nitric oxide actually in the gas is recovered and de­
termined by a colorimetric method. Therefore, a factor of 2 
is applied to the observed value to give the actual content of 
nitric oxide.

The effects of variables such as delay time, added oxygen, 
temperature, etc., have been described.
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(2) S c h u f ta n , P . ,  Brennstoff-Chem., 13, 104 -S  (1932).
(3) S h aw , J . A ., I n d . E n g . C h e m ., A n a l, E d .,  6, 4 7 9 -8 0  (1934).
(4) T rea d w e ll a n d  H a ll, “ A n a ly tic a l  C h e m is tr y ,”  6 th  ed ., V ol. 2,

p p . 3 0 0 -7 , N e w  Y o rk , J o h n  W iley  i t  S ons, 1924.
(5) T ro p se h , H .,  a n d  K a ss le r, R .,  B ren n sto ff-C h em .,  12, 3 4 5 -8  (1931).

R e c e i v e d  M arch 21, 1936.

Titration o f  Silver w ith Potassium  Iodide

Cei’ic Ammonium  Sulfate and Starch as Indicators

A L B E R T  BLO OM  AND W ALLACE M . M cN A B B  
T h e  J o h n  lla r r iso n  L aboratory  o f  C h em istry , U n iv ersity  o f  P en n sy lv a n ia , P h ila d e lp h ia , Pa.

CCORDING to Shapiro (4), in the determination of 
chlorides by the Volhard method, excess silver may be 

titrated in a nitric acid solution with potassium iodide. The 
end point is detected in the presence of starch when the nitric 
acid oxidizes the iodide to iodine. Schneider (3) suggests the 
use of palladium nitrate as an indicator, noting the end point 
by the formation of a red-brown precipitate of palladous 
iodide. Fleury and Courtois (1) and Josien (2) recommend 
the use of starch-iodine-potassium iodide solution, in which

T a b l e  I. T i t r a t i o n  o f  S i l v e r
0.1 N  K I  with B lank 

A c id it y  0.1 N  K I  Correction
N  Cc. Cc.
10 cc. of 0.1 N  AgNOa solu tion  in a volum e of 110 cc.

0 .2  10.14 10.04
0 .5  10 .14 10.04
1 .0  10.16 10.06
2 .0  10 .18  10.08
3 .0  10.16 10.06

20 cc. of 0.1 N  AgNC>3 solution in a  volum e of 110 cc.
1 .0  20 .08  19.98
2.0  20.11 20.01
3 .0  20 .12  20.02

T a b l e  II . T i t r a t i o n  o p  S i l v e r  N i t r a t e

(10 cc. of 0.1 N  A gN O j solution in th e  presence of cupric and ferric ions. 
Volume approxim ately  110 cc., acid ity  approxim ately 0.5 N )

0.1 N  CuS04-5H20  and 0.1 N  K I with B lank
F eN H 4(S04)2-12H ,0 0.1 N  K I Correction

Cc,. Cc. Cc.
C uS0«-5H ,0

10 10.10 10.00
30 10.13 10.03
50 10.14 10.04

FeNH<(S04)*-12H,0
10.0510 10.15

30 10.12 10.02
50 10.17 10.07

j  50 FeNEU(SO<> 
150 C uSO rôH îO

12H20  10.12 10.02

the silver solution must be added to the starch-iodine- 
potassiuin iodide solution.

The method described by the authors consists of the titra­
tion of silver with potassium iodide in the presence of eerie 
ions and starch. Oxidation of the iodide ion to iodine by the 
eerie ion is not permanent until the end point is reached. 
During the course of the titration a blue color appears, but 
is immediately discharged upon stirring. The method gave
good results in the presence of ferric and cupric ions.

A n a ly tica l P rocedure
Ten or 20 cc. of a 0.1 N  silver nitrate solution were transferred 

to a 200-cc. beaker. To this were added water and a sufficient 
amount of sulfuric acid to give a volume of approximately 110 cc. 
(concentration of acid may vary from 0.2 N  to 3 N ),  and then 
3 cc. of 0.5 per cent starch solution and 0.1 cc. of an approxi­
mately 0.1 N  eerie ammonium sulfate solution. It is important 
to add the sulfuric acid before the eerie ammonium sulfate. The
silver was titrated with 0.1 N  potassium iodide solution. The
end point was sharp and easily detected when the last drop of 
potassium iodide gave a permanent blue-green color to the 
solution. Blank titrations were made under the same conditions 
omitting the silver nitrate. The blank consumed 0.1 cc. of the 
potassium iodide solution before a permanent color was obtained.

S u m m a ry
A method is described for the titration of silver with 

potassium iodide, using eerie ammonium sulfate and starch 
as internal indicators. The acid concentration may vary in 
the titration from 0.2 N  to 3 N  without appreciable error. 
The titration can be made in the presence of cupric and ferric 
ions.
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Turbidity in Sugar Products
IV. Preparation o f Raw Sugar Solutions for Determ ination  

o f Color and Turbidity

F. W . ZERBA N AND LO U IS SA T T L E R . N ew  Y ork S u g a r  T rade L a b oratory , In c .,  80 S o u th  S t . ,  N ew  Y ork , N . Y.

IT HAS been shown previously (5) that the concentration 
of the turbidity present in a solution of a raw sugar may 

be measured, on the basis of transmittancy and Tyndall beam 
intensity, in terms of the specific absorptive index of an 
equivalent turbidity caused by particles of standard proper­
ties, and that the deviation in the properties of the particles 
actually present from those of the standard may be charac­
terized by the “quality index” and by the dispersion quotient.

The question of determining the concentration of coloring 
matter or, in other words, of correcting the specific absorp­
tive index of filtered solutions for the residual turbidity pres­
ent was left open, but it was postulated that coloring matter 
shall be defined as that portion of the dispersed material 
which gives a Tyndall beam of zero intensity under the ex­
perimental conditions used. This correction for residual 
turbidity has been further investigated, and an attem pt has 
been made to find a filtering material which would leave in 
the filtrate only the total coloring matter, as defined above. 
This opened up again the much discussed problem of the re­
moval of turbidity and coloring matter by filtering agents, 
which was previously studied by Peters and Phelps (S), 
Brewster and Phelps (3), and by Balch (1).

Peters and Phelps did not give the detailed results of their 
investigation, but promised a later publication which has not 
yet appeared. In the original article they reported only com­
parisons between the specific absorptive index of solutions of 
about 52 to 53 Brix, filtered through specially prepared asbestos, 
and that of solutions of about 1 to 7 Brix, mixed with kieselguhr 
and filtered through paper. They found that the latter were 
always very turbid when examined in the dark room, whereas 
the highly concentrated asbestos filtrates showed only a faint 
Tyndall cone. The —log i’s of the kieselguhr filtrates, at various 
wave lengths throughout the visible spectrum, were irregularly 
higher or lower than the corresponding values for the asbestos 
filtrates, and these discrepancies were ascribed to selective ad­
sorption by the kieselguhr, to the presence of finely divided 
kieselguhr in the dilute filtrates, and to differences in the colloid 
equilibrium of dilute and concentrated solutions. Peters and 
Phelps concluded that a correct measure of the coloring matter 
could be obtained only by their method of filtering concentrated 
solutions through asbestos.

Brewster and Phelps rejected purified standard Filter-Cel 
even for the filtration of concentrated solutions, on the ground 
that it removes actual coloring matter, because decolorization is 
more extensive when more Filter-Cel is used.

Balch, on the other hand, concluded from his experiments 
that Filter-Cel does not adsorb coloring matter, or at most very 
little, and that it is permissible to use this agent for colorimetric 
analysis, or for preparing solutions to be used as standards of 
comparison for turbidity measurements.

In view of these divergent opinions, the entire subject of 
preparing sugar solutions for colorimetric analysis has been 
reinvestigated. The factors studied were concentration of 
the sugar solution, cell thickness, colloid equilibrium, and the 
effect of various filtering agents on the transmittancy and 
Tyndall beam intensity of the resulting solutions.

C o n cen tra tio n  o f  S u gar S o lu tio n

The necessity of using, for colorimetric analysis, as high a 
concentration of dry substance as is compatible with reason­
ably rapid filtration has been well shown by Brewster and 
Phelps, who advocate solutions of at least 60 Brix, which is

somewhat higher than the minimum figure given by Peters 
and Phelps. The proper choice of concentration is important 
not only for solutions to be filtered, but also in preparing raw 
sugar solutions for turbidity determinations. A 65 Brix solu­
tion of a raw sugar, when strained through a 250-mesh bronze 
screen to remove coarse suspended matter, gave consistently 
higher —log t values a t three selected wave lengths in the blue, 
green, and red, than a 60 Brix solution, strained the same way; 
the dispersion quotients for red to green were lower, while 
those for blue to green changed irregularly. The Tyndall 
beam intensity and its dispersion quotients were also affected, 
changes in either direction being observed. This makes it 
necessary to standardize conditions for both color and tur­
bidity measurements, and a concentration of 60 Brix has been 
chosen by the writers, because this permits a fairly rapid 
filtration even for poorly filtering sugars. I t  is also advisable 
to remove coarse suspended matter by centrifuging under 
standard conditions rather than by straining through a 
screen, because the coarse suspended m atter forms a filter 
bed which is liable to retain varying quantities of the more 
highly dispersed particles whose quantity is to be measured.

C ell T h ick n ess

If turbidity measurements are to be made according to 
Balch’s or the writers’ method, it  is necessary to keep not 
only the concentration of dry substance but also the cell 
thickness constant. The constants in the formulas given in 
the preceding article of this series (5) apply only to the cell 
thickness used, 2.46 mm. No attem pt has been made so far 
to derive formulas for varying thickness, but the fact has been 
well established that for turbid colored solutions there is no 
simple relationship between depth of layer and —log t or 
Tyndall beam intensity. When only filtered solutions are 
to be used for color determination, the depth of layer may of 
course be varied as desired.

C olloid  E q u ilib r iu m

Possible changes in the colloid system in the solutions, be­
tween the time of preparation and the time of measurement, 
must be given proper consideration. The writers found ir­
regular changes in the —log t as well as the Tyndall beam in­
tensity, when 60 to 65 Brix solutions were allowed to stand in 
the refrigerator for 2 or more days. The changes were not 
very pronounced, but it has been found advisable to make the 
optical measurements as soon as colloid equilibrium is es­
tablished, which is about 2 hours after the solutions have been 
prepared.

Some very interesting observations have been made re­
garding the effect which a change in water or sucrose concen­
tration has on the colloid equilibrium. If an aqueous solu­
tion of caramel is carefully filtered through purified Filter- 
Cel, and then mixed with an equal volume of a 60 Brix raw 
sugar solution, which has likewise been filtered through Filter- 
Cel, the —log t of the mixture is higher than when the un­
filtered solutions of caramel and raw sugar are first mixed 
and then filtered with Filter-Cel. The same is true to even a 
greater extent when pure sucrose or water is substituted for 
the raw sugar, as may be seen from Table I.

168



MAY 15. 1936 ANALYTICAL EDITION 169

The dilution with water produces partial flocculation of the 
caramel particles, and the larger particles are removed by 
subsequent filtration. It is difficult to understand, however, 
why mixing the caramel solution with a 60 Brix sucrose solu­
tion, which amounts to addition of a protective colloid, 
should have the same effect, and of greater magnitude, as 
dilution with water. The probable explanation is that there 
is an interaction between the sucrose molecules and the cara­
mel particles, with the formation of larger aggregates, which 
are then removed by filtration with Filter-Cel. If this ex­
planation is correct, then it further follows that in a raw sugar 
solution similar aggregates between the sucrose and the color­
ing m atter are already preformed, and less sucrose is available 
to combine with the caramel. This would explain why in the 
case of the raw sugar the difference in the —log i’s was so 
much smaller than in that of sucrose or water. The same 
effects were noted when powdered glass (see below) was used 
as the filter medium, instead of Filter-Cel. After a mixture 
of caramel and sugar sirup had once been filtered through 
Filter-Cel, a second filtration through powdered glass had no 
further effect.

T a b l e  I. E f f e c t  o f  C h a n g e  i n  W a t e r  o r  S u c r o s e  
C o n c e n t r a t io n

C aram el plus raw  sugar solu tion  
C aram el plus sucrose so lution 
C aram el plus w ater

Solutions 
Filtered  

Separately, 
T hen M ixed, 

- lo g  t
0 .5 1 6
0 .3 7 1
0 .3 7 4

Solutions 
M ixed 

and M ixture 
F iltered, 
—log t
0 .5 0 4
0 .2 5 8
0 .2 7 5

In experiments similar to those described above, the aque­
ous caramel solution was replaced by a 60 Brix solution of a 
dark raw sugar. When this solution was treated with a 60 
Brix solution of another, light colored sugar, the same —log t 
a t 560 m/i was obtained, no m atter whether the solutions 
were first filtered separately and then mixed, or first mixed 
and then filtered.

The results of the tests with caramel solution and with sugar 
sirups confirm the conclusion reached by Peters and Phelps 
that dark colored sugar products like molasses must not be 
diluted with water previous to color determination, but with 
a white sugar sirup.

As far as the —log t is concerned, the molasses could first 
be filtered separately, if that were physically possible, and 
then mixed with the filtered white sugar sirup, or else it could 
first be mixed with the white sugar sirup and the mixture 
then filtered, as is actually done in practice. There is, how­
ever, a slight difference in the colloid equilibrium of the mix­
tures prepared by the two methods, as is evidenced by Tyn­
dall beam measurements in the following experiment:

A 60 Brix raw sugar solution was filtered through purified 
Filter-Cel, and then mixed with an equal volume of 60 Brix 
white sugar sirup which had also been carefully filtered (mixture 
A). Another, unfiltered portion of the raw sugar sirup was first 
mixed with an equal volume of filtered white sugar sirup, and 
the mixture filtered through Filter-Cel (mixture B). Tyndall 
beam readings were then taken with the Pulfrich photometer in 
cells of the same thickness, and the values given in Table II were 
obtained, in per cent of the intensity of the standard block, im­
mediately after preparation, and again after equilibrium was 
established.

T a b l e  II. E f f e c t  o f  M e t h o d s  o f  P r e p a r a t i o n

W ave L eng th
5 2 9  m /i 
62 1  m /i

Im m edia te ly  after 
P repara tion  

A  B
A t Equilibrium  

A  B
2 9 .0

1 3 8 .5
4 2 .0

2 6 5 .6
3 4 .7

1 7 7 .9
1 8 .9
8 7 .0

After equilibrium had been established, method B, which 
is the one usually followed, gave a solution better fitted for 
colorimetric analysis.

F ilter in g  M ateria ls

In the new investigation on filtering materials adapted for 
colorimetric and turbidimetric analysis the following sub­
stances were used: asbestos, Filter-Cel, filter paper, Jena 
fritted-glass funnels, the Seitz filter, ground glass, and silica 
gel.

The asbestos, XXX grade, was purified and used for the prepa­
ration of the samples as described by Peters and Phelps (3).

The Filter-Cel was the analytical filter aid marketed by the 
Johns-Manville Corporation. To purify it further, 75 grams were 
boiled with a mixture of 100 cc. of concentrated hydrochloric 
acid and 900 cc. of distilled water, then filtered hot and thoroughly 
washed with hot water. This treatment was repeated three 
times, and finally the material was dried and ignited in a muffle 
furnace.

Jena fritted-glass funnels of various porosities were employed, 
mostly as a backing for asbestos, instead of Gooch crucibles, 
but the No. 4 type was also used directly. The filter paper was 
S.&S.No. 575.

The Seitz filter was the small laboratory model pressure outfit. 
The disks furnished by the manufacturers were used, and the 
filtrations were carried out with the aid of compressed nitrogen, 
at pressures up to 5.62 kg. per sq. cm. (80 pounds per sq. inch), 
depending on the filterability of the solution.

The Jena ground glass was the grade G 20, No. 4, having an 
average particle diameter of 5 to 10 mp. (The writers thank 
Murray Yawitz of the Fish-Schurman Corporation for his 
generous cooperation in supplying the ground glass and in in­
vestigating the Jena fritted-glas3 funnels adaptable for their 
work.)

The silica gel, kindly furnished by the Silica Gel Corporation, 
was the air-floated, medicinal type. It was found to be slightly 
acid, and was therefore boiled out twice with distilled water, 
filtered after each boiling, washed, dried, and ignited.

The Seitz apparatus was found to be an efficient ultra­
filter. I t  easily reduces the turbidity in raw sugar solutions 
to that found in distilled water, but visibly decolorizes them. 
As an example, the figures in Table I I I  are given for —log t 
and Tyndall beam intensity, R, of a 60 Brix raw sugar solu­
tion, treated as specified.

T a b l e  III. E f f i c i e n c y  o f  S e i t z  F i l t e r

-log  t - -R-
5 2 9  m /i 6 2 1  m /i 5 2 9  m /i 6 2 1  m /i

C entrifuged
6 tim es through asbestos 
Same, then  th rough Seitz filter
7 tim es through Seitz filter

2 .8 1 4
2 .4 2 4
2.010
1 .4 6 3

2 .6 4 9
1 .2 5 7
0 .9 0 8
0 .6 5 6

115 7
3 5 4

9 8
3 5

4 0 9 8
1 3 7 6

2 9 7
9 0

Since the Seitz filter evidently removes a large proportion of 
the coloring matter, and since it requires pressure filtration, 
its use was not further investigated.

An example of the effect of some of the other filtering mate­
rials, as compared to asbestos, is shown in Table IV.

T a b l e  IV. E f f e c t  o f  F i l t e r i n g  M a t e r i a l s
— log t, — log t,
5 6 0  m /i 6 2 0  m /i

Asbestos 1 .1 8 7 0 .6 7 2
Filter-C el 1 .0 6 2 0 .5 9 9
Jena  funnel No. 4 1 .3 2 2 0 .7 8 1
G round glass, on Jen a  funnel No. 4 1 .1 2 2 0 .6 1 6
F ilter paper 1 .3 7 8 0 .8 1 8

Ground glass gave a lighter filtrate than asbestos filtration, 
but was not as efficient as Filter-Cel. The Jena funnel No. 4 
produced a much darker filtrate, and the filter paper a still 
darker one. In other experiments it  was found that ground 
glass and Filter-Cel combined give practically the same result 
as Filter-Cel alone. When ground glass was used in connec­
tion with the Seitz filter, it reduced the Tyndall beam inten­
sity to about one-half that obtained with the Seitz filter alone, 
but the —log t was not measurably affected. None of these 
materials, except asbestos and Filter-Cel, offered sufficient ad­
vantages to warrant further study.
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C om p arative T ests  o f  A sb estos, F ilter -C e l, 
an d  S ilica  G el

Silica gel, however, gave such encouraging results in pre­
liminary trials that its effects were more thoroughly investi­
gated, in comparison with asbestos and Filter-Cel, the filter­
ing agents already widely used.

M e c h a n i s m  o f  R e m o v a l  o p  T u r b i d i t y .  The first prob­
lem taken up was the mechanism of the removal of turbidity 
from turbid solutions, in order to ascertain whether this re­
moval is due to mechanical filtration or to adsorption, and 
whether there is a distinct demarcation between turbidity 
and coloring matter.

Balch had previously found, contrary to Brewster and 
Phelps, that when a raw sugar solution was clarified with Fil­
ter-Cel, the same —log t was obtained, no matter whether 1, 
2, or 3 grams of the filtering agent were added.

In repeating and extending the experiments of these previous 
investigators, a 60 Brix solution of a raw sugar was prepared, 
and 50-ml. portions were filtered with from 1 to 5 grams of as­
bestos, Filter-Cel, and silica gel. The asbestos was used in the 
form of a pad on a No. 2 Jena fritted-glass funnel, and was al­
lowed to pack itself under the pressure of a water-jet filter pump. 
The Filter-Cel and the silica gel were mixed with the solution 
to be filtered, and the mixture was filtered through a double layer 
of S. & S. filter paper, No. 589, blue ribbon, on a 7-cm. Buchner 
funnel. The results, in terms of —log I, at wave length 560, 
of the filtrates, are shown in Table V.

T a b l e  V. E f f e c t  o f  Q u a n t i t y  o f  F i l t e r  M e d iu m
F ilter m edium,

gram s 1 2 3 4 5
Asbestos 2 .032  1 .616 1.711 1.784 1.711
F ilter-C el 1.592 1.470 1.476 1.457 1.461
Silica gel 1.456 1.435 1.429 1.436 1.422

One gram of asbestos allowed a large portion of the turbid 
material to pass through. The figures obtained with the 
larger amounts of asbestos are very irregular, and this is prob­
ably due more to differences in the packing of the asbestos 
in the pads than to any other cause, as will be shown below. 
The average of the results with 2 and 4 grams agrees closely 
with, the figures obtained by using 3 or 5 grams.

In earlier unpublished work carried out by Peters and one 
of the writers, working side by side, portions of the same raw 
sugar solution, prefiltered after shaking with asbestos, wrere 
passed six times through the final pads. Each worker used 
his own asbestos, Powminco X X  and XXX, respectively, 
pretreated as described by Peters and Phelps. I t  was at 
once noticed that the pad prepared by Peters gave a much 
more rapid filtration than the other, and the filtrate was 
visibly darker in transmitted light. The —log t’s, found with 
the spectrophotometer from readings made by both ob­
servers, are given in Table VI.

T a b l e  VI. T e s t s  w i t h  A s b e s t o s
W ave Peters Zerban

Length, 1.5 Gram9 of X X X  Asbestos 2 G ram s of X X  Asbestos
m/z — log t Q -ratio — log t Q-ratio

480 2 .530  1 .99  1.903 2 .15
560 1.272 1 .00  0 .885  1 .00
660 0 .594  0 .4 7  0 .3 4 0  0 .3 8

The fact that X X  grade asbestos was used as the raw mate­
rial for the pad in one case, and X X X  grade in the other, may 
have some bearing on the results, but it should be noted that 
Peters and Phelps and also Brewster and Phelps recommend 
either grade for colorimetric analysis. The principal reason 
for the discrepancies must be the packing of the asbestos, 
made manifest by the speed of filtration. The slow pad 
evidently had a sort of ultrafiltration effect, similar to that 
noticed with the Seitz filter. The Q-ratios show that the 
particular coloring matter taken out by this pad was different

in character from that remaining behind in the filtrate. The 
important conclusion to be drawn from these experiments is 
that asbestos removes coloring matter selectively, and does 
not differ from Filter-Cel in this respect. Workers in the 
same or different laboratories will obtain different results on 
the same sugar if their asbestos pads are of different permea­
bility, a property which is very difficult to standardize.

The values obtained with Filter-Cel, Table V, are more 
uniform than those with asbestos. Again, 1 gram removed 
less dispersed material than the larger quantities, but the 
maximum difference between the —log t figures for 2 to 5 
grams is only 1.3 per cent, which is well within the limits of 
error. All the results are decidedly lower than the corre­
sponding ones for asbestos filtration.

In the case of another raw sugar, 200 grams of 60 Brix solu­
tion were filtered with 6 grams (5 per cent of dry substance) 
of Filter-Cel, and the —log t was found to be 0.619. W ien 
the filtrate was again treated with 6 grams of Filter-Cel, the 
—log t was 0.628, the same within the limits of error. While 
these results confirm similar observations made by Balch, 
still other sugars (50 ml. of 60 Brix solution) were found to 
behave differently, as may be seen from Table VII.

T a b l e  VII. T e s t s  w i t h  F i l t e r - C e l

G ram s of F ilter-C el 0 .000
Sugar 3 

0 .125  0.375 0.750 1.375 2.500
— log t a t  560 m/t 0.471 0.431 0 .419 0.417 0.391 0.374

G ram s of F ilter-C el 1
Sugar 4 

2 3 4 5
— log t a t  560 mu 1.248 1.225 1. 204 1.180 1.163

In both cases there is a gradual falling off in the —log t with 
increasing quantities of Filter-Cel. I t  is evident that for these 
two sugars more Filter-Cel than the maximum quantity 
tested would have to be used, in order to reach the limiting 
effect. This was also recognized by Balch, who states that 
the quantity of Filter-Cel to be used depends on the quantity 
and character of the suspended material present.

The same observation applies also to silica gel. Sugar 1, 
Table V, has the same —log t, within a maximum error of 1 
per cent, whether 2, 3, 4, or 5 grams of the filtering agent are 
used, and this effect was almost reached even with 1 gram. 
But other sugars (50 ml. of 60 Brix solution) gave the figures 
in Table VIII.

T a b l e  VIII. T e s t s  w i t h  S i l i c a  G e l
G ram s of silica gel 1 3  5 10
— log t, 560 m/i, sugar 5 . .  0 .413  0 .356  0 .357
— log t, 560 mu, sugar 6 1.064 0 .983  0.982

Sugar 5 required 5 grams for the maximum effect, sugar 6 
only 3 grams. With sugar 1 (Table V) silica gel gave a 
lighter colored filtrate than the same quantity of Filter-Cel, 
and a much lighter one than asbestos.

The selective effect of the three filtering materials was in­
vestigated with four other raw sugars, by making transmit- 
tancy readings a t three wave lengths with the Pulfrich pho­
tometer. The first two sugars were dark in color, but the 
solutions were not very turbid; the third was light in color, 
with medium turbidity; and the fourth was also light colored 
but highly turbid. The asbestos was used according to the 
Peters and Phelps technic, 50 ml. solution of 60 Brix being 
filtered six times through a pad of 3 grams of asbestos in a No. 
2 Jena fritted-glass crucible. Filter-Cel and silica gel were 
used at the rate of 3 grams per 50 ml. of solution, and the 
mixtures filtered through filter paper, S. & S. No. 589, blue 
ribbon.

The —log i’s a t the three wave lengths, and the 72-ratios 
(dispersion quotients) based on wave length 529 mju are shown 
in Table IX.
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T a b l e  IX. S e l e c t i v e  E f f e c t  o f  F i l t e r i n g  M a t e r i a l s

Sugar
W ave
Length, Asbestos Filter-Cel Silica Gel

No. mu -  log t /¿-ratio —log Ł /¿-ratio —log t /c-ratio

7 449 5.915 2.01 5.317 2 .00 5.201 2.02
529 2.949 1.00 2.655 1.00 2.574 1.00
621 1.301 0 .44 1.118 0 .42 1.092 0.42

8 449 3.679 1.77 3 .258 1.89 2.795 1.91
529 2.079 1.00 1.722 1 .00 1.467 1.00
621 1.211 0.5S 0.986 0 .57 0.841 0 .57

9 449 0.588 2 .09 0.525 2 .2 0 0.511 2 .30
529 0.281 1.00 0.239 1.00 0.222 1.00
621 0 .135 0 .48 0.115 0 .4 8 0.107 0 .4 8

10 449 0.595 1.60 0 .316 1 .77 0.242 1.80
529 0.372 1.00 0.179 1.00 0.135 1.00
621 0.249 0 .67 0.120 0 .67 0.078 0 .58

Asbestos filtration again gave the highest —log t values at 
all wave lengths, followed by Filter-Cel and then by silica 
gel. The differences between asbestos on the one hand and 
Filter-Cel or silica gel on the other are most pronounced in 
sugar 10, of low color and high turbidity. In sugar 7, the 11- 
ratios are about the same for the three filtering agents, and 
there is practically no selective action, but in the other three 
the ratios increase a t the blue end, from asbestos through 
Filter-Cel to silica gel. At the red end the ratios are not af­
fected to any great extent, except in sugar 10, where the silica 
gel gave a much lower ratio than either asbestos or Filter-Cel.

The question arose whether the selective action of the 
three filtering materials is due to adsorption or to a purely 
mechanical filtration effect. I t  is well known that when sugar 
coloring matter is removed by means of activated carbons, 
the mechanism is that of true adsorption, in accordance with 
Freundlich's equation:

-  = KCi/n in
where C =  concentration of color left in solution

x — concentration of color removed by adsorbent 
m = weight of adsorbent

When the figures in Tables V, VII, and V III are analyzed 
from this standpoint it is seen that the removal of the dis­
persed material by any of the three filtering agents is entirely 
irregular. Although Tables V II and V III indicate a pro­
gressive decrease in the —log t’s, the quantity of dispersed 
material taken out per unit of filtering agent bears no con­
stant relation to the quantity of dispersed material left in the 
solution.

While these observations point to a purely mechanical 
effect of the filtering agents, it was nevertheless desirable to 
substantiate this finding by a more direct proof. The writers 
have previously shown that this proof may be furnished by a 
technic originally employed by Balch. The material to be 
tested is added in one case to a white sugar sirup, and in the 
other to a colored sugar sirup. Then the turbid white sirup is 
read against the clear white sirup in a spectrophotometer, and 
the turbid colored sirup is read against the clear colored sirup. 
If no adsorption occurs, then the two transmittancy readings 
must be the same. Balch showed that the bentonite used by 
him follows this rule. In similar experiments the writers 
were able to show (4) that Filter-Cel does not adsorb coloring 
m atter from caramel solution, but tha t a sample of bentonite 
different from that used by Balch did adsorb coloring matter. 
I t  was decided to repeat these experiments, and to extend 
them to asbestos and silica gel as filtering agents.

Five grams of asbestos, Filter-Cel, and silica gel were each 
ground in a mortar with 50 ml. of a 60 Brix white sugar sirup. 
The suspension was poured into a flask and allowed to settle in the 
refrigerator for 4 days. It was then decanted into a fresh por­
tion of white sirup, and the mixture was shaken and again 
placed for 4 days in the refrigerator. The suspension thus ob­
tained was decanted into a clean, dry flask, and was gently 
shaken immediately before being used in the experiments.

I t  was necessary to employ a raw sugar to furnish the col­
ored sirup, because results with caramel or any other coloring 
matter could not be accepted as proof for the behavior of 
sugar coloring matter. The turbidity naturally present in 
the sugar had to be removed as far as possible by prefiltration. 
Both the raw sugar and the white sugar sirup, of 60 Brix 
concentration, were therefore prefiltered with one of the three 
filtering agents mentioned above, and the turbid sirups were 
prepared with either of the others, or each of the three.

In the first series of tests Filter-Cel was used for the prepa­
ration of both sirups, by the same procedure as previously 
described. Two equal portions of the filtered raw sugar 
sirup and two of the filtered white sirup were measured from 
a microburet. One portion each of colored and of white 
sirup was then made up to a definite volume with asbestos 
suspension, to produce the turbid sirups, while the remaining 
two were diluted to the same volume with filtered white sirup, 
to produce the clear sirups, one colored, the other white. 
The turbid colored sirup was read in the spectrophotometer, 
a t wave lengths 529 and 621 mp, against the clear colored 
sirup, and the turbid white sirup against the clear white 
sirup. Exactly the same experiments were made with silica 
gel suspension instead of asbestos suspension.

In the second series of tests the prefiltration was carried 
out with silica gel; asbestos, Filter-Cel, and silica gel were 
used to produce the turbidity in the filtered sirups. In the 
third series the sirups were prefiltered with asbestos, and sus­
pensions of Filter-Cel or silica gel were added to the filtered 
sirups. The results of the transmittancy measurements are 
shown in Table X.

T a b l e  X. T r a n s m i t t a n c i e s  o f  T u r b i d  vs. C l e a r  
S i r u p s

W ave Asbestos F ilter-C el Silica Gel
Length, Colored W hite Colored W hite Colored W hite

m/i sirups sirups sirups sirups sirups sirups
A. F ilter-C el used for prefiltration

529 40 .4 4 0 .5  . .  . .  4 2 .8 43 .2
621 45 .9 4 6 .9  . .  . .  49 .9 51.3

B. Silica gel used for prefiltra tion
529 64 .2 64 .3  47 .4  47 .1  56.1 '  57 .2
621 69 .9 70 .9  5 5 .7  5 5 .8  65 .2 65 .5

C. Asbestos used for prefiltration
529 27.1  2 6 .5  . .  6 2 .9 72.1
621 33 .4  33 .1  . .  68 .6 7 7 .0

(O ther concn.)
529 29 .7 40 .0
621 37 .3 4 8 .0

Very thorough prefiltra tion  w ith asbestos
529 4 1 .4 45 .4
621 50 .7 54.4

When either asbestos or Filter-Cel is used to produce tur­
bidity, the transmittancies are the same within the limits of 
error, showing that neither of these filtering agents adsorbs 
coloring matter. The silica gel behaves differently, however. 
In the raw sugar sirup prefiltered with asbestos, the silica 
gel apparently produces adsorption, but in those prefiltered 
with Filter-Cel or silica gel it does not, or only to a very 
limited extent. The effect is also greatly reduced by thor­
ough prefiltration with asbestos. These facts indicate that 
silica gel adsorbs only particles of a certain size, not removed 
by prefiltration, but has no effect beyond that limit. Filtra­
tion with silica gel is therefore not essentially different from 
filtration with asbestos or Filter-Cel, but is more effective 
than either.

Having established the mechanism of the removal of dis­
persed matter by the three filtering agents, all three were 
used on another series of twelve raw sugars of varying char­
acteristics, transmittancy and Tyndall beam measurements 
being made on the unfiltered and the filtered solutions by the 
procedure described in the preceding paper (5).
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All filtrations were made by suction with a water-jet pump. 
Large filtering tubes were used, in the top of which the Büchner 
funnel or Gooch crucible was inserted Dy means of a rubber 
stopper. The filtering tube (Figure 1) had a side arm near the 
top and a glass stopcock at the lower end. The side arm of the 
filter tube was connected by means of a Y-tube with the side 
arm of the filter flask and then with the suction pump. This 
arrangement made it possible to discard the first 25 ml. of filtrate 
and to collect the very clear portion of the filtrate without break­
ing the vacuum, which would disturb the filter bed already 
formed.

The method described by Peters and Phelps for the prepara­
tion of the asbestos pads, by suction only, had always given 
rather poor filtrates when examined in the dark room. For 
this reason the asbestos layer in the present series of experi­

ments was first moistened with the sugar solution to be 
filtered, and then packed down tightly, while under suction, 
by means of a flattened glass rod. The filtrates thus ob­
tained were visibly better than those prepared by the old 
method. In all other respects the standard procedure of pre­
liminary shaking with asbestos and filtration, followed by six 
successive filtrations through the optical pad, was followed.

In the case of Filter-Cel, 3 grams of this material wrere 
added to 50 ml. of the 60 Brix sugar solution, and the mixture 
was thoroughly shaken and filtered by suction through a 
double layer of S. & S. filter paper No. 589, blue ribbon, in a 
7-cm. Büchner funnel. About 25 to 30 cc. of the filtrate 
were allowed to pass through before a sample was collected

T a b l e  XI. M e a s u r e m e n t s  o n  R aw - S u g a r s

— ÏO g Tu  — l o g  Tf N U

No. -  log T R N C - lo g  Tf C —log Tu —1
A. Blue F ilter

11 U
FA
FC
FS

1.199
0.377
0.372
0.324

228 .5
10.6

6 .9
5 .4

0 .750
0.025
0.016
0.011

0.449
0.352
0.356
0.313

0.822
0.827
0.875

11071 
1.045 
1.035

0.885 
0 .890  
0.847

12 U
FA
FC
F S

0.566
0.316
0.322
0.261

123.7
13.6
8 .6
9 .9

0.252
0.026
0.017
0.016

0.314
0.290
0.305
0.245

0*250
0.244
0.305

1 *090 
1.056 
1.065

0Í9 Í3
0.966
0.785

13 U
F A
FC
F S

1.303
0.453
0.429
0.364

188.6
9 .9
7 .5
5 .4

0 .775
0.029
0.022
0.013

0.528
0.424
0.407
0.351

0.850  
0 .874  
0 .939

1 .* ¿68 
1.054 
1.037

0*882
0.865
0.814

14 U
F A
FC
F S

1.007
0.597
0.577
0.517

67 .8
9 .2
7 .7
6 .7

0.388
0.042
0 .035
0.024

0.619
0.555
0.542
0.493

o!4io
0.430
0.490

l!0 7 6
1.065
1.049

O.* 860 
0 .834  
0 .755

15 U
F A
FC
F S

0.983
0.668
0.617
0.551

8 9 .8
9 .4  
9 .2
4 .5

0 .423
0.052
0 .045
0.019

0 .560
0.616
0.572
0.532

0 Í3 Í5
0.366
0.432

1 !084 
1.079 
1.036

1*156
1.032
0.938

16 U
FA
FC
F S

1.118 
0.216  
0 .229  
0.182

409.4
9 .9

13.5
12 .8

0.811
0.014
0 .020
0.014

0.307
0.202
0.209
0.168

0 9 0 2  
0.889  
0.936

1.069 
1.096 
1.083

0.885
0.892
0.854

17 U
F A
FC
F S

0.851
0.565
0.525
0.489

94 .2
7 .8
4 .9  
4 .3

0.356
0.033
0.019
0.016

0.495
0.532
0.506
0.473

0.286
0.326
0.362

1*062
1.038
1.034

l ‘.Ü 6
1.035
0.942

18 U
FA
FC
F S

1.067
0.512
0.459
0.394

136.6
15.0

6 .1
6 .5

0 .510
0.051
0.019
0.016

0.557
0.461
0.440
0.378

0 .555
0.608
0.673

l ’. i i i
1.043
1.042

0 .*842 
0.813 
0.740

19 U
FA
FC
F S

1.606
0.682
0.683
0.590

105.3
5 .3
8 .2
8 .2

0.871
0 .034
0.049
0 .038

0.735
0 .648
0.634
0.552

0*924
0.923
1.016

1*052
1.077
1.069

0.*9Ó9
0.896
0.826

20 U
FA
FC
F S

0.674
0 .360
0.353
0.318

118.6
21 .0

8 .3
7 .4

0 .300
0.044
0.019
0.015

0.374
0.316
0.334
0.303

0 * 3 Í 4 
0 .321 
0 .356

1. Í39 
1.057 
1.049

0*838
0.882
0.809

21 U
FA
FC
F S

0.726
0.345
0 .318
0.301

142.7
13 .5

6 .9
7 .2

0.359
0.028
0.014
0.014

0.367
0.317
0.304
0.287

0*381
0.408
0.425

1*088
1.046
1.049

O'. ¿78 
0.853  
0 .818

22 U
FA
FC
F S

0.512
0 .225
0.218
0.184

180.0
19.6

8 .0
9 .2

0.282
0 .028
0.012
0.012

0.230
0.197
0.206
0.172

0Í287
0.294
0.328

1Ü 42
1.058
1.070

0.*898
0.922
0.829

B. G reen F ilter
11 U

FA
FC
F S

0.767
0.170
0.171
0.146

1334.0
48 .9
30 .3
23 .3

0 .487
0.013
0 .008
0.006

0 .280
0.157
0.163
0.140

0.597
0.596
0.621

1*083
1.049
1.043

0.79S
0.806
0.777

12 U
F A
FC
F S

0.350
0.162
0.180
0.129

486.6
4 7 .5
35 .9
38 .0

0.143
0.012
0 .010
0.009

0.207
0.150
0.170
0.120

0*. 188 
0 .170  
0.221

1*.0S0
1.059
1.075

0 Í7 Í5
0.794
0.622

13 U
F A
FC
F S

0.885
0.224
0.211
0.181

1061.0
53.1
39 .1  
24 .6

0 .505
0.016
0.012
0.007

0.380
0.208
0.199
0.174

0*661
0.674
0.704

1.077 
1.060 
1.040

0.746  
0.736  
0.710

14 U
F A
FC
F S

0.611
0 .269
0.274
0.239

459 .0
45 .1
45 .3
35 .8

0 .225
0.016
0.016
0.011

0.386
0.253
0.258
0.228

o! 342 
0.337 
0 .372

1 *. 063 
1.062 
1.048

0*630
0.637
0.587

15 U
FA
FC
F S

0.590
0.326
0.302
0.251

569 .9
50 .7
4 7 .0
28 .1

0.250
0.020
0.017
0.009

0.340
0.306
0.285
0.242

0*264
0.288
0.339

1*065
1.060
1.037

0^880
0.817
0.718

16 U
FA
FC
F S

0.765
0.094
0.092
0 .075

1600.0
24 .0
32 .5
29.9

0.524
0 .005
0.007
0.006

0.241
0.089
0.085
0.069

0*671
0.673
0.690

1.056
1.082
1.087

OÍ 775 
0.771 
0.753

17 U 0.507 499.9 0 .198 0.309

— l o g  Tu  — lo g  Tf N u
No. - l o g  T R N C - l o g  Tf C — log T u — C

F A 0 .2 7 5 3 7 . 8 0 .0 1 3 0 .2 6 2 0 .2 3 2 1 .0 5 0 0 .8 0 8
FC 0 .2 5 1 2 2 .2 0 .0 0 8 0 .2 4 3 0 .2 5 6 1 .0 3 3 0 .7 5 0
F S 0 .2 2 6 2 1 .7 0 .0 0 6 0 .2 2 0 0 .2 8 1 1 .0 2 7 0 .6 9 0

18 U 0 .6 6 5 7 8 2 .1 0 .3 3 5 0 .3 3 0
FA 0 .2 4 9 6 2 .3 0 .0 2 0 0 .2 2 9 0.*4¿6 1 *087 0 Í 7 6 8
FC 0 .2 1 9 2 9 . 8 0 .0 0 9 0 .2 1 0 0 .4 4 6 1 .0 4 3 0 .7 3 6
F S 0 .1 7 2 2 9 .9 0 .0 0 8 0 .1 6 4 0 .4 9 3 1 .0 4 9 0 .6 6 9

19 U 1 .0 0 1 9 9 0 .0 0 .5 7 6 0 .4 2 5
FA 0 .3 0 5 3 5 .2 0 .0 1 3 0 .2 9 2 0 .6 9 6 1 *. 044 0 * 8 1 1
FC 0 .2 8 9 2 5 .6 0 .0 0 9 0 .2 8 0 0 .7 1 2 1 .0 3 2 0 .7 9 9
F S 0 .2 7 1 2 7 .3 0 .0 0 9 0 .2 6 2 0 .7 3 0 1 .0 3 4 0 .7 7 9

2 0 U 0 .4 1 8 5 4 4 .2 0 .1 8 0 0 .2 3 8
F A 0 .1 9 4 8 0 . 0 0 .0 2 1 0 .1 7 3 0 .2 2 4 i  r ¿ 2 i 0 * 6 0 2
FC 0 .1 8 7 3 4 .4 0 .0 0 9 0 .1 7 8 0 .2 3 1 1 .0 5 1 0 .6 1 2
F S 0 .1 6 4 2 9 .2 0 .0 0 8 0 .1 5 6 0 .2 5 4 1 .0 5 1 0 .5 7 0

21 U 0 .4 7 2 6 5 1 .9 0 .2 2 3 0 .2 4 9
F A 0 .1 6 7 5 3 .0 0 .0 1 4 0 .1 5 3 0 .3 0 5 1 .0 9 2 0*. 6 9 9
FC 0 .1 5 3 2 8 .6 0 .0 0 7 0 .1 4 6 0 .3 1 9 1 .0 4 8 0 .6 8 1
F S 0 .1 3 6 3 0 .1 0 .0 0 7 0 .1 2 9 0 .3 3 6 1 .0 5 4 0 .6 5 0

2 2 U 0 .3 3 0 6 4 2 .8 0 .1 6 9 0 .1 6 1
F A 0 .1 0 6 6 3 .4 0 .0 1 4 0 .0 9 2 0 .2 2 4 1.' i  52 0 * 7 1 0
FC 0 .0 9 6 2 9 .1 0 .0 0 6 0 .0 9 0 0 .2 3 4 1 .0 6 7 0 .7 0 4
F S 0 .0 8 8 3 2 . 5 0 .0 0 7

C.

0 .0 8 1  

R ed F ilte r

0 .2 4 2 1 .0 8 6 0 .6 7 9

11 U 0 .5 1 6 6 4 4 3 .0 0 .3 7 2 0 .1 4 4
F A 0 .0 7 0 1 4 8 .6 0 .0 0 7 0 .0 6 3 OÍ 4 4 6 i ! i i i 0 * 8 2 1
FC 0 .0 7 4 9 6 . 0 0 .0 0 5 0 .0 6 9 0 .4 4 2 1 .0 7 2 0 .8 3 2
F S 0 .0 6 3 8 5 .2 0 .0 0 4 0 .0 5 9 0 .4 5 3 1 .0 6 8 0 .S 1 4

12 U 0 .2 2 2 2 1 8 2 .0 0 .1 1 1 0 .1 1 1
F A 0 .0 9 1 1 9 1 .1 0 .0 1 0 0 .0 8 1 o.’iái 1.' i  23 0 * 7 9 3
FC 0 .0 9 8 1 2 7 .7 0 .0 0 7 0 .0 9 1 0 .1 2 4 1 .0 7 7 0 .8 4 7
F S 0 .0 7 2 1 4 9 .1 0 .0 0 7 0 .0 6 5 0 .1 5 0 1 .1 0 8 0 .7 0 7

13 U 0 .6 4 0 5 7 7 6 .0 0 .4 1 2 0 .2 2 8
FA 0 .1 1 5 2 0 5 .3 0 .0 1 5 0 .1 0 0 0 * 5 2 5 1 .*¿50 0 .7 6 3
FC 0 .1 0 9 1 5 3 .6 0 .0 0 8 0 .1 0 1 0 .5 3 1 1 .0 7 9 0 .7 6 4
F S 0 .0 9 6 9 5 .2 0 .0 0 5 0 .0 9 1 0 .5 4 4 1 .0 5 5 0 .7 5 2

14 U 0 .3 6 8 2 8 6 3 .0 0 .1 8 5 0 .1 8 3
F A 0 .1 1 9 1 8 5 .1 0 .0 1 0 0 .1 0 9 0.24*9 1 .0 9 2 0 .* 7 Í4
FC 0 .1 2 3 1 8 3 .0 0 .0 1 0 0 .1 1 3 0 .2 4 5 1 .0 8 8 0 .7 2 8
F S 0 .1 0 8 1 4 5 .2 0 .0 0 7 0 .1 0 1 0 .2 6 0 1 .0 6 9 0 .6 9 3

15 U 0 .3 6 0 3 1 5 4 .0 0 .1 9 4 0 .1 6 6
FA 0 .1 5 9 2 1 6 .3 0 .0 1 2 0 .1 4 7 0.2*01 1 .*082 olóii
FC 0 .1 3 9 1 9 5 .2 0 .0 1 1 0 .1 2 8 0 .2 2 1 1 .0 8 6 0 .8 6 3
F S 0 .1 0 7 1 0 5 .0 0 .0 0 6 0 .1 0 1 0 .2 5 3 1 .0 5 9 0 .7 4 5

16 U 0 .5 4 2 6 9 6 9 .0 0 .4 0 2 0 .1 4 0
F A 0 .0 3 9 9 8 .9 0 .0 0 4 0 .0 3 5 0 .5 0 3 1*11*4 OÍ 7 9 3
FC 0 .0 2 5 1 2 4 .7 0 .0 0 5 0 .0 2 0 0 .5 1 7 1 .2 5 0 0 .7 6 9
F S 0 .0 2 5 1 1 4 .0 0 .0 0 5 0 .0 2 0 0 .5 1 7 1 .2 5 0 0 .7 7 0

17 U 0 .2 8 8 2 7 8 2 .0 0 .1 5 2 0 .1 3 6
FA 0 .1 2 0 1 6 6 .3 0 .0 0 9 0.111 0 .* Í6 8 l.’ÓSl o! 8 5 9
FC 0 .1 0 1 9 2 .2 0 .0 0 5 0 .0 9 6 0 .1 8 7 1 .0 5 2 0 .7 9 6
F S 0 .1 0 1 8 8 .1 0 .0 0 5 0 .0 9 6 0 .1 8 7 1 .0 5 2 0 .7 9 6

18 U 0 .4 3 3 4 2 3 3 .0 0 .2 5 5 0 .1 7 8
0 Í7 S 2FA 0 .1 2 0 2 4 7 .4 0 .0 1 3 0 .1 0 7 0.31*3 1 .1 2 1

FC 0 .0 9 1 1 1 0 .1 0 .0 0 6 0 .0 8 5 0 .3 4 2 1 .0 7 1 0 .7 3 3
F S 0 .0 6 3 1 0 5 .6 0 .0 0 5 0 .0 5 8 0 .3 7 0 1 .0 8 6 0 .6 8 0

19 U 0 .6 4 1 6 0 6 7 .0 0 .4 2 1 0 .2 2 0
0  *. 8 0 2FA 0 .1 2 3 125.0 0 .0 0 7 0 .1 1 6 0 * 5 1 8 1 .0 6 0

FC 0 .1 2 7 9 0 .1 0 .0 0 5 0 .1 2 2 0 .5 1 4 1 .0 4 1 0 .8 1 1
F S 0 .1 1 8 9 1 . 5 0 .0 0 5 0 .1 1 3 0 .5 2 3 1 .0 4 4 0 .7 9 9

20 U 0 .2 7 9 2 3 8 6 .0 0 .1 3 7 0 .1 4 2 o! 7 5 3F A 0 .1 1 3 3 2 1 .6 0 .0 1 6 0 .0 9 7 0 .1 6 6 1 .1 6 5
' I FC 0 .1 1 8 1 0 7 .2 0 .0 0 6 0 .1 1 2 0 .1 6 1 1 .0 5 4 0 .8 2 0

F S 0 .1 0 2 9 3 .3 0 .0 0 5 0 ,0 9 7 0 .1 7 7 1 .0 5 2 0 .7 5 3

21 U 0 .3 0 6 3 0 6 1 .0 0 .1 7 1 0 .1 3 5
0 Ü 3 7FA 0 .0 8 2 1 6 5 .4 0 .0 0 8 0 .0 7 4 0 * 2 2 4 1 *¿ÓS

FC 0 .0 7 7 9 0 .7 0 .0 0 4 0 .0 7 3 0 .2 2 9 1 .0 5 5 0 .7 3 4
F S 0 .0 5 8 9 7 . 6 0 .0 0 4 0 .0 5 4 0 .2 4 S 1 .0 7 4 0 .6 7 9

22 u 0 .2 3 2 2 7 4 5 .0 0 .1 4 7 0 .0 8 5
0* .8 Í2FA 0 .0 6 1 2 1 7 .8 0 .0 1 0 0 .0 5 1 0*1*71 1 * 1 9 6

FC 0 .0 5 1 8 7 .1 0 .0 0 4 0 .0 4 7 0 .1 8 1 1 .0 8 5 0 .7 9 5
F S 0 .0 4 1 1 1 0 .1 0 .0 0 5 0 .0 3 6 0 .1 9 1 1 .1 3 9 0 .7 5 4



MAY 15, 1936 ANALYTICAL EDITION 173

in a dry, clean flask. T h e  sam e 
procedure was used with silica gel.

The results o b ta in e d  w ith  th e  
twelve sugars are shown in Table 
X I (c o m p a re  with Table III, 5). 
U or u  stands, as previously, for 
u n f i l te r e d , F or f  for filtered; A  
denotes asbestos, C Filter-Cel, and S  
silica gel.

Table X II gives the ii-ratios for 
—log T  of the unfiltered and filtered 
solutions, and the dispersion quo­
tients for N u, the total turbidity in 
the unfiltered solutions, all based on 
those for the green filter.

A glance at Table X I shows that 
Filter-Cel filtration often gives lower 
but in many cases higher results for 
—log T  and C than does asbestos, 
while the silica gel filtrates always 
result in considerably lower values. 

The turbidity (N ) figures for the filtrates obtained with all 
three filtering agents are low, especially in the case of Filter- 
Cel and silica gel, where they are usually of the same order of 
magnitude as in a white sugar sirup which has been filtered 
first with activated carbon, and then through an ultrafilter.

T a b l e  XII. K - R a t i o s ,  a n d  D i s p e r s i o n  Q u o t i e n t s ,  B a s e d  
o n  G r e e n  F i l t e r

Dispersion
,----------------------- /¿-R atio  for —log T ---------------------- * Q uotients for

A sbestos F ilter-C el Silica gel N u
U nfiltered filtra te  filtra te  filtra te  Unfiltered

No. B lue R ed Blue R ed Blue R ed Blue R ed Blue Red

F i g u r e  1. F i l t e r ­
i n g  T u b e

11
12
13
14
15 
10
17
18
19
20 
21 
22

1.56
1.62
1.47
1.65
1.66 
1.46 
1.68 
1.60 
1 .60 
1.43
1.54
1.55

0 .67
0 .64
0 .72
0 .6 0
0.61
0.71
0.57
0 .65
0.64
0 .5 9
0 .65
0 .7 0

2.22
1.95
2.02
2.22
2.05  
2 .3 0
2 .0 5
2 .0 6  
2 .24  
1.86 
2.07  
2.12

0 .41
0.56
0 .5 2
0 .4 4
0 .49
0 .42
0.44
0 .4 8
0 .4 0
0 .5 8
0 .49
0 .57

2.17
1.79
2.03
2.11
2 .0 5  
2 .49
2 .0 5  
2 .10  
2 .3 6  
1.88 
2.09  
2 .2 6

0 .43
0 .54
0.51
0 .45
0 .46
0 .27
0 .40
0.41
0.44
0.63
0 .50
0 .53

2.22
2.03
2.01
2 .16
2.20
2 .43
2 .16
2 .29
2 .18
1.94
2.22
2 .10

0.43
0 .56
0.53
0 .45
0 .43
0 .33
0 .45
0 .37
0.44
0 .62
0 .43
0 .47

1.54 
1.76 
1.53 
1.72 
1.69
1 .55 
1.80 
1.52 
1.51
1.67 
1.61
1.67

0 .76
0 .78
0 .82
0 .82
0 .78
0 .77
0 .77
0.76
0.73
0.76
0.77
0 .87

The differences between the Filter-Cel and silica gel fil­
trates, as compared to the asbestos filtrate, are summarized 
in Table X III, for both —log T  and C.

T a b l e  XIII. C o m p a r is o n  o f  F il t e r - C e l  a n d  S i l ic a  G e l  
F il t r a t e s

log T -

Filter-C el t>s. 
asbestoB 

Blue screen 
Green screen 
Red screen 

Silica gel vs. 
asbestos 

B lue screen 
G reen screen 
R ed screen

Range
%

Average
deviation

4- 6 .0  to  - 1 0 .4  
+  11.1 to  - 1 2 .0  
+  7 .7  to  - 3 5 . 9

- 1 1 . 7  to  - 2 3 . 0  
- 1 1 . 2  to  - 3 0 . 9  
-  4 .1  to  - 4 7 . 5

%

3 .3 3
4 .09
7 .64

- 1 5 .8 7
- 1 8 .2 7
- 2 2 .0 3

Range
%

Average
deviation

+  5 .7  to  -  7 .1  
+  13.3 to  -  8 .3  
+  15.5 to  - 4 2 .9

-  4 .1  to  - 1 8 .0
-  9 .8  to  - 2 8 .4
-  2 .6  to  —45.8

%

-  0 .76
-  1.69
-  4 .33

- 1 2 .9 3
- 1 6 .0 5
-1 9 .5 7

The range in the differences is rather wide for both Filter- 
Cel and silica gel, owing to selective effects, but the average 
differences between Filter-Cel and asbestos are rather small, 
and in the case of C within the limits of error of spectrophoto- 
metric analysis, certainly a t least in the blue and green. 
Since it  has been shown that asbestos also acts selectively, 
Filter-Cel may as well be used instead, even by those who be­
lieve that asbestos filtration is the correct procedure. If the 
asbestos pad is packed still more tightly than in these ex­
periments, the results may well fall below those for Filter-Cel. 
Silica gel gives in all cases lower values than asbestos, and the 
averages are from 13 to 22 per cent lower.

The selective effect of the three filtering agents is best 
shown by the ^-ratios in Table X II. The ratios vary ir­
regularly from one sugar to another and show no definite 
trend, proving that the effect of the filtration depends not 
only on the filtering agent but also on the turbidity and color­
ing matter present in the sugar itself.

Further examination of the results in Table X I leads to 
some very important conclusions regarding the mechanism of 
filtration with all the three agents compared. If we calculate 
the ratio between —log T, (total dispersed material in the 
filtrate), and C (dispersed material corrected for that portion 
which causes a Tyndall effect), the figures shown in Table XIV 
are found.

T a b l e  XIV. R a t i o s  b e t w e e n  —L o g  T, a n d  C
Range Average

Asbestos
Blue 1.05 to  1.14 1 .09
Green 1.04  to  1 .15 1.08
Red 1.06  to  1 .20 1.12

Filter-C el
Blue 1 .04  to  1 .10 1.06
Green 1.03 to  1 .08 1.05
Red 1.04 to  1 .25 1.08

Silica gel
Blue 1.03 to  1 .08 1.05
Green 1.03 to  1.09 1.05
Red 1.04 to  1 .25 1.09

In spite of the fact that silica gel gives much lower values 
for —log T  and C than either Filter-Cel or asbestos, the aver­
age ratios are very much alike for all three, and even the total 
range, showing the extent of selective action, is not very wide 
in each case. This shows that even though one filtering agent 
may remove much more total dispersed material than another, 
the ratio between turbidity and coloring m atter remaining 
in the filtrates is on the average about the same. This phe­
nomenon has been predicted by Balch: “I t  is very doubtful 
whether it is actually possible to remove all the material 
causing turbidity, if judged by the Tyndall beam, without 
changing the color of the solution.” As the reason for this 
he gave the fact that the particles causing turbidity are them­
selves colored, and transmit as well as reflect light selectively.

The results obtained by the writers suggest another, more 
important reason. I t  is well known that the intensity of the 
Tyndall cone decreases with the difference between the re­
fractive indices of the dispersed phase and the dispersion me­
dium, and that the coloring m atter in sugar products con­
sists partly of condensation products of sugars—that is, sub­
stances of the caramel type, the refractive index of which is 
about the same as that of sucrose. These coloring matters, 
of the emulsoid or hydrophylic type, may therefore be ex­
pected to produce only a faint or no Tyndall cone, although 
consisting of particles of the same size as the suspensoids 
which give a distinct Tyndall cone under the same experi­
mental conditions. But being of the same size, both are 
filtered out simultaneously. I t  may therefore be expected 
that, even though there be no adsorption, each filtering agent, 
whether it be asbestos, Filter-Cel, or silica gel, will reduce 
both turbidity and coloring m atter to a definite maximum 
particle size. Silica gel appears to be much more effective in 
this respect than either asbestos or Filter-Cel, as used by the 
writers. There is still another possibility. The filtering 
agents may, because of electrical charges, or for other reasons, 
act as sensitizers and promote the flocculation of emulsoids 
in the presence of suspensoids. Silica gel was highly electri­
fied when it was rubbed in a mortar.

Whatever the correct explanation may be, it  is evident that 
filtration with asbestos, Filter-Cel, or silica gel does not re­
move turbidity, as judged by the Tyndall effect, without re­
moving coloring matter a t the same time. The separation of 
turbidity and coloring m atter on the basis of a Tyndall beam
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of zero intensity, postulated by the writers, is thus found to be 
unattainable by filtration methods. In practice, the choice 
between the three filtering media, when used for the purpose 
of color determination, becomes therefore merely a matter of 
arbitrary agreement, which can best be reached by interna­
tional action. From the practical standpoint, asbestos is the 
least desirable of the three filtering agents, because its effect 
depends so largely on its method of preparation and the per­
meability of the pad, which is very difficult to standardize. 
Filter-Cel and silica gel are much more promising in this re­
spect because standardized grades of both are commercially 
available and can be purified very easily. When only color 
is to be determined, the residual turbidity in the filtrates may 
or may not be corrected for, as desired. If no correction is to 
be made, silica gel has the advantage of requiring such a small 
correction that it may in practice be neglected. In all cases 
the coloring m atter should be expressed in terms of —log T  
for a specified dry substance concentration and depth of layer, 
or better directly as —log t. The quality of the coloring mat­
ter may be further characterized by the Q- or i?-ratios.

Since there is no actual dividing line between color and 
turbidity, both varying in particle size and both showing se­
lective absorption and reflection or scattering, it is logical to 
express turbidity in the same way as the color, according to 
the practice followed by Balch and by the writers. The lat­
ter have shown, however, that the —log I arrived a t by Balch’s 
procedure is merely an optical measure having no direct rela­
tion to the turbidity concentration, and that it does not con­
sider the turbidity remaining in the filtrate. In the writers’ 
system, on the other hand, the total turbidity concentration 
is expressed as the —log t of an equivalent concentration of a 
standard turbidity, and the difference in the properties of the 
turbidity present and of the standard turbidity is character­
ized by the quality index and by the dispersion quotient of the 
turbidity. In the preceding paper the quality index was de­
fined as the ratio between the filterable turbidity, N u — Nf , 
and the turbidity according to Balch. Since this ratio ap­
plies only to the filterable turbidity, it is better to use instead 
that for the total turbidity—that is, the ratio of N u to 
—log Tu — C. Similarly, the dispersion quotients should be 
given for N u itself rather than for N u — Nf . Both of these 
changes have been made in the present paper in Tables X I 
and X II.

S u m m a ry  and  C o n clu sio n s

In a study of the factors which affect the simultaneous de­
termination of transmittancy and Tyndall beam intensity of 
raw sugar solutions with the Pulfrich photometer, it has been 
found necessary to standardize both the dry substance con­
centration and the depth of layer of the solution to be meas­
ured. A concentration of 60 Brix and a cell thickness of 2.5 
mm. have been tentatively adopted. When dark sugar prod­
ucts have to be diluted with white sugar sirup, the two should 
first be mixed, and the mixture filtered afterward. If they 
are filtered separately, and the filtrates mixed, the resulting 
solution is not as good optically as that obtained by the other 
method. The optical readings should be made about 2 hours 
after the preparation of the solutions, to allow colloid equilib­
rium to be established.

Among a number of filtering agents used for the purpose of 
removing turbidity from raw sugar solutions, asbestos, Filter- 
Cel, and silica gel have been studied more particularly. I t  
has been shown that all three of these remove both turbidity 
and coloring matter selectively. Silica gel is most effective 
in removing total dispersed material. There is little differ­
ence in this respect between Filter-Cel and asbestos, provided 
that the latter is used in the form of a tightly packed pad, but 
the filtrates obtained with any of the three filtering agents 
contain turbidity, as judged by the Tyndall effect, and color­
ing m atter in about the same proportions. I t  is thus not 
possible to remove turbidity by means of any of them, with­
out removing coloring m atter a t the same time. The choice 
thus becomes a matter of agreement. Proposals are made to 
serve as a basis for such an agreement.
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A New Rubber Particle Count in Hevea Latex
EA R L E  E. L A N G E L A N D , 308 B o s to n  A ve., M ed ford , M a ss.

SO MUCH confusion has grown up in the literature concern­
ing the number of rubber particles in Hevea latex that a t 

the present time there exists a thousandfold error in the cur­
rently published reports (1, 3, S) of the one original determina­
tion of this number. Harries (.{), Hauser (5), and Noble 
(5), each reporting the original work of Henri (6), give a 
count of 50,000,000 particles per cubic centimeter of latex, 
Harries not specifying the concentration, while Hauser and 
Noble indicate it to have been S.7 per cent solids. On the 
other hand, Dubose and Luttringer (2), also reporting the 
work of Henri, record a count of 50,000,000 particles per cubic 
millimeter in latex of unspecified concentration. The original 
paper of Henri (6) reported that he had found an average of

50,000,000 particles per cubic millimeter of latex having a 
specific gravity of 0.973 and containing 8.7 grams of solids 
per 100 cc. Preliminary counts undertaken by the author 
with a view to developing a rapid microscopic method for the 
determination of the dry rubber content of latex indicated 
that the results of Henri were considerably low. Since the 
number of microscopically visible particles is a fundamental 
property of latex, it was felt tha t a redetermination of this 
number would be of value.

E xperim ental M eth od
P r e p a r a t i o n "  o f  S o l u t i o n s .  From 1.0 to 2.0 grams of am­

monia-preserved 38 to 40 per cent latex, the solids and dry rubber
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content of which had been determined, were weighed by dif­
ference, using a medicine dropper, into a 1-liter volumetric 
flask nearly filled with water to which had been added 15 ml. 
of 26° B6. ammonium hydroxide solution to prevent any tendency 
to flocculation of the latex. The mixture was made up to volume 
and, after careful shaking, 20 ml. were pipetted out into a 500- 
ml. volumetric flask almost filled with a filtered 20 per cent sodium 
chloride solution. The sodium chloride solution was used to 
stop the Brownian movement of the rubber particles which would 
render the counting difficult. After being made up to volume 
with the same salt solution, the necessary amount of the solution, 
which represents a dilution of the original weight of latex to
25,000 ml., was transferred to the counting chamber using, for 
convenience, a Thoma blood-diluting pipet.

C o u n t i n g  C h a m b e r .  A Levy counting chamber with the 
improved Neubauer ruling (9), such as is used in counting 
blood corpuscles, was used in this work. The counting cell 
consists essentially of a plane surface of glass containing a 
centrally located square 1 mm. on a side. This central 
square millimeter is ruled into 400 equal squares. By means 
of double marginal rulings these 400 smallest squares are 
grouped into 25 squares, each containing 16 small squares 
representing an area of 0.04 sq. mm. Facilities are provided 
for supporting an optically plane cover glass 0.1 mm. above 
and parallel with this ruled surface, thus forming a chamber 
of 0.1 cu. mm. capacity. The volumetric accuracy of the 
counting chamber is of the order of 4 per cent. One group 
of 16 of the smallest squares is visible simultaneously with a
4-mm. objective and a 10X Huygenian ocular.

T h e  M i c r o s c o p e .  A Hartnack and Prasmowski micro­
scope was used. A No. 7 objective, with corrective lens for 
cover glass thickness, and a No. 3 eyepiece were used in 
making the counts. This combination of lenses represents a 
magnification of about 400 diameters. Since no mechani­
cally operated stage was available, it was necessary to provide 
otherwise for the orderly movement of the counting chamber. 
This was accomplished by daubing a small quantity of a 
mixture of 70 per cent rosin and 30 per cent rapeseed oil onto 
each end of the under surface of the counting chamber, which, 
by its viscous drag, prevented the capricious movement 
of the counting chamber when touched by the hand to bring 
a new group of squares into view. Because the counting 
chamber depth was great in comparison to the depth of focus 
of the objective used, it was necessary to focus slowly up­
wards from the ruled surface of the counting cell to the lower 
surface of the cover glass in counting each small square in 
order to assure the inclusion of all the particles. To prevent 
duplication, the particles were counted only when they came 
into sharp focus. I t  was noticed that because the Brownian 
movement had been stopped there was a pronounced tendency 
for the particles to settle upwards towards the cover glass and 
that after the counting chamber had been filled for about 10 
minutes fully 75 per cent of all the particles were found in the 
focal plane nearest the cover glass. Since the boundary lines 
were least distinct in this focal plane, it was necessary to 
refill the cell frequently.

T h e  L a t e x .  The samples of latex used were obtained 
from drums of commercial 38 to 40 per cent ammonia- 
preserved latex. Two of these samples were of the brand 
known as “No. 4 Plantation Latex,” marketed by the Vultex 
Chemical Company, Cambridge, Mass., and one sample of 
the brand “Lotol,” marketed by the Naugatuck Chemical 
Company, Naugatuck, Conn.

R esu lts  o f  C ounts
The results of the several counts on the different latex 

samples appear in Table I. The number of particles per 
grain of latex is the value reported, and for the purpose of 
comparison among the several samples of latex, which varied 
slightly in dry rubber content, all the counts are corrected 
to a common basis of 35 per cent dry rubber content.

T a b l e  I. R e s u l t s  o f  C o u n t s

B rand of 
Latex

No. 4 P lan ta tion

D ry
Sam ple D ry R ubber Groups Particles

No. Solids C o n ten t C oun ted3 per Gram**
% %

1 3 8 .4 35 .3 2 0 .6 2  X 10»*
1 38 .4 35 .3 3 0 .6 5  X 10i*
1 38 .4 35 .3 1 0 .6 2  X 10‘*
2 3 8 .5 34 .6 4 0 .6 3  X 101*
2 3 8 .5 3 4 .6 3 0 .6 0  X 10>*
3 39 .0 35 .9 1 0 .6 4  X 101*
3 39 .0 35 .9 3 0 .6 9  X 101*

Lotol

° G roup of 16 sm all squares. 
b Corrected to  35 per cent d ry  rubber con ten t.

An average of all the counts recorded in Table I, weighted 
on the basis of the number of groups counted, gives a figure of
640,000,000,000 rubber particles per gram of latex of 35 per 
cent dry rubber content. The count of Henri, calculated 
to the same basis, using the factor 0.92 for conversion from 
per cent solids to dry rubber content, gives a figure of 218,- 
000,000,000 particles.

D iscu ssion  o f  R esu lts

I t must be realized that because there is known to be nu­
merically considerable material of ultramicroscopic propor­
tions in latex which cannot be included in any such particle 
count as is reported here, but which does contribute slightly 
to the rubber content of the latex, such a count is inevitably 
low. If, however, we are willing to neglect the contribution 
of the ultramicroscopic material to the rubber content of 
the latex, it is possible to calculate an average particle 
diameter. In making such a calculation based on the count 
reported here spherical shape has been assumed for the par­
ticles, and a density of 0.914 for the material of the particles 
was used. On this basis the average rubber particle size 
in the latex samples used in this investigation is 1.04 microns. 
The average diameter of the rubber particles of Hevea 
latex has been determined by Wightman and Trivelli (10), 
using motion photomicrographs, to be between 0.7 and 0.8 
micron. On the other hand, Madge (7) states that “ the 
particles of commercial latex have on an average a diameter 
of approximately 1.5 microns as measured with a micro­
scope.”
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Determ ination o f Sulfur in Rubber Compounds
I. Precipitation o f Barium  Sulfate in  the Presence o f P icric Acid

C. H E R B E R T  L IN D SL Y , U n ite d  S ta te s  R u b b er  P r o d u c ts , In c . ,  D e tr o it ,  M ic h .

THERE is probably no single operation in analytical 
chemistry that has received more attention from inves­

tigators than that of precipitation of barium sulfate by means 
of a soluble barium salt for the determination of sulfate or 
of barium. The literature on this subject is voluminous and 
the conclusions reached by different investigators as to the 
proper procedure to employ in order to obtain a precipitate 
which will be filterable and reasonably pure are highly con­
tradictory. The procedure which seems to be in most general 
use a t present for the determination of sulfate is that of add­
ing the barium chloride solution to the hot sulfate solution 
very slowly, stirring vigorously meanwhile, then allowing the 
whole to digest a t an elevated temperature for several hours 
before filtering.

The diversity of opinion as to the proper procedure arises, 
the author believes, from the fact that the barium sulfate pre­
cipitate is exceedingly sensitive to its environment and that a 
very slight change in the amount or kind of impurities present 
in the solutions during precipitation has a profound effect 
upon the crystal size and shape of the precipitated particles 
as well as upon their purity. Kolthoff and Vogelenzang (2) 
have stated that it is impossible to prescribe a general proce­
dure for the accurate precipitation of sulfate in arbitrary 
mixtures. In other words, a precipitation procedure which 
gives satisfactory results in the determination of sulfur in 
copper ores, for instance, may not yield a satisfactory precipi­
tate when applied to the determination of total -sulfur in 
hard rubber dust, and a study of each type of determination, 
with due consideration for the amount and kind of impurities 
present, must be made in order to find the conditions neces­
sary to obtain a precipitate which is pure and easily filterable.

For several years it has been known to a few analysts that 
the presence of picric acid in the sulfate solution a t the time 
of precipitation would yield a precipitate which could be 
filtered immediately without the necessity of prolonged di­
gestion before filtration. This bit of information has not 
appeared in the literature, although Dubrisay and Toquet (1) 
in 1919 suggested the use of phenol; and at present picric 
acid is being used in a number of laboratories throughout the 
country. Thus, the author does not claim in any sense that 
the use of picric acid is original with him, but presents this 
study in the hope that its use will become as widespread as it 
deserves.

The technic employed in the use of picric acid is simple. 
From 1 to 5 cc. of a saturated solution of picric acid in water are 
added to the acidified sulfate solution and stirred in before adding 
the barium chloride. The barium chloride may be added quickly, 
as nothing is gained by adding it slowly. After adding the Darium 
chloride (which should be in excess as small as practicable) 
the solution should be gently boiled for from 5 to 10 minutes. 
I t  will then be ready to filter. In case the sulfate solution con­
tains large quantities of sodium salts, as in sulfur determinations 
on Parr peroxide bomb residues, or strong oxidizing acids, as in 
the perchloric acid method for total sulfur in rubber compounds, 
the amount of picric acid necessary to produce the desired 
effect may be greater than that given above and in these cases 
from 10 to 25 cc. of the saturated solution should be used.

In the company’s laboratories, picric acid has been in con­
stant use for the past 8 years in the determination of free sul­
fur in rubber compounds by the bromine-oxidation method and 
of total sulfur by oxidation with perchloric acid. I t  has been 
known all this time that its use greatly improved the filtera-

bility of the precipitated barium sulfate without deleterious 
effect on the quantitative results, but no systematic study of 
the phenomenon was made until within the last few months.

When the use of picric acid was first under consideration, 
a long series of parallel determinations showed that the quanti­
tative results obtained with and without picric acid were, if 
not identical, a t least within the limits of accuracy of the meth­
ods of analysis themselves. These observations have been 
confirmed in the recent study, as shown in Table I, which 
gives the results obtained using pure solutions of sulfuric acid 
as the source of sulfate ions. In each case, the numerical re­
sult given is the average obtained from determinations run in 
triplicate.

T a b l e  I. 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

No. W ater
0.1 iV 
H,S()4

Picric
Acid a Brom ine BaSO*

Cc. Cc. Cc. Cc. Cc. Gram
1 100 20 0 15 0 0.2333
2 100 20 1 15 0 0.2359
3 100 20 0 15 3 0.2337
4 100 20 1 15 3 0.2364
5 400 20 0 15 0 0.2355
6 400 20 1 15 0 0.2358
7 250 4 0 10 3 0.0457
8 250 4 1 10 3 0.0464
9 400 1 0 1 0 0.0105

10 400 1 1 1 0 0.0105

In each case, the result obtained where picric acid is pres­
ent is slightly higher than where it. is absent. When the 
gravimetric factor for converting barium sulfate to sulfur 
(0.13136) is applied to this difference, it is divided by approxi­
mately 7.3 and becomes smaller than the usual difference be­
tween duplicate determinations, although it is always positive 
in sign. These results removed any fear tha t picric acid 
might increase the solubility of barium sulfate and cause in­
complete precipitation.

Runs 3 and 4 differ from 1 and 2 in the fact that before the 
barium chloride was added 3 cc. of bromine were added, 
allowed to stand for 30 minutes, and then boiled off, after 
which the picric acid was added and the precipitation per­
formed as usual. This was done to determine whether bro-
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mine or hydrobromic acid would have any appreciable effect 
upon the result, which is apparently not the case. Runs 7 
and 8 are in approximately the range of concentration which is 
encountered in free sulfur determinations on nonblooming 
tire stocks. Runs 9 and 10 are very dilute, and the excess 
of barium chloride is low in concentration. The exact agree­
ment obtained in these last runs would make it appear that 
the differences in results obtained in the previous runs were 
due to increased occlusion or adsorption of barium chloride 
brought about in the presence of picric acid. The results 
given in Table II  show that this probably is the case.

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

0.1 AT Picric 0.5 N
No. W ater H îSO* Acid B aC h BaSO«

Cc. Cc. Cc. Cc. Gram
1 250 25 0 20 0.1163
2 250 25 1 20 0.1161
3 100 20 0 15 0.0870
4 100 20 1 15 0.0873

In these runs, the barium chloride present was insufficient 
to react with all the sulfuric acid present, so that there was 
no excess, but rather a deficiency of barium chloride. The re­
sults are well within the limits of accuracy of the ordinary 
volumetric buret and the differences are opposite in sign in 
the two pairs of runs, which differ considerably in concentra­
tion, runs 3 and 4 being twice as concentrated as runs 1 and 2.

Since we now have very good evidence that picric acid in­
creases the adsorption of barium chloride by barium sulfate, 
to a very small extent, it was logical to believe that it might 
have a similar effect upon other ions which might be present 
as impurities in the solution. Since iron is commonly pres­
ent in solutions from which barium sulfate is precipitated, a 
pair of runs was made in which ferric chloride was present. 
After filtering the precipitates obtained, they were analyzed 
and the iron was determined. The results are shown in 
Table III.

T a b l e  I I I .  D e t e r m i n a t io n  o f  I r o n

No. W ater
0.1 N  
HîSO*

Picric
Acid 2% F e in BaSO*

Cc. Cc. Cc. Cc. Cc. Gram
1 250 25 0 10 2 0.057
2 ' 250 25 5 10 2 0.0051
3 250 25 0 10 2 F a in t trace
4 250 25 5 10 2 F a in t trace

In runs 1 and 2 an appreciable amount of iron was picked 
up. I t  had been foreseen that iron might be adsorbed by the 
filter paper, so extraordinary precautions were taken in wash-
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ing. The filter- were washed at least 30 times with boiling 
water and the washings tested colorimetrically for iron. In 
the last 5 or 6 washings no iron was detectable, yet the ap­
pearance of the ignited barium sulfate led to the belief that 
the filter paper itself was responsible for a considerable por­
tion of the total iron present. Accordingly, runs 3 and 4 were 
made, using fritted glass filters instead of paper for the final 
filtration. The precipitate was then removed from the filter 
and analyzed for iron as before. This time, the colorimetric 
test for iron was so faint as entirely to pi event its quantita­
tive estimation.

Table IV shows the results obtained in actual free sulfur 
and total sulfur determinations. These figures are typical of 
those obtained from hundreds of comparison determinations 
made during the last 8 years.

T a b l e  IV .  R e s u l t s  i n  A c t u a l  S u l f u r  D e t e r m in a t io n s

Sulfur w ithout Sulfur with
Sample . Picric Acid Picric Acid

% %
156A (free sulfur) 0 .35 0 .37

0 .35 0.37
159 0.40 0 .40

0 .4 0 0 .40
160 0.32 0 .33

0 .32 0 .33
1 (to ta l sulfur) 1.944 1.946
2 2.561 2.562

That the effectiveness of picric acid in increasing the ease 
of filtration is due to an actual increase in particle size of the 
barium sulfate crystals and not to any coagulating effect of 
the reagent is illustrated in the accompanying photomicro­
graphs.

Figures 1 and 2 show the crystals obtained from sulfuric 
acid solutions of various concentrations. In Figure 1, upper 
row, the concentrations were 0.000063 M, 0.000125 M, and
0.00025 M, respectively, reading from left to right. The 
lower row shows the precipitates obtained from solutions of 
the same concentrations, containing in addition 0.0025 per 
cent of picric acid. The precipitates in the first two photo­
graphs, top row, were not entirely held up by a Carl Schleicher 
Schull 589 Blue Ribbon filter, while all the precipitates 
formed in the presence of picric acid were held up completely 
by this grade of paper. In Figure 2, the concentrations of the 
solutions were 0.00050 M, 0.001 M, and 0.002 M , respectively, 
the lower row containing the same amount of picric acid as in 
Figure 1. In all these experiments, the precipitates prepared 
without picric acid were digested a t 80° C. for 16 hours before 
photographing, while those prepared with picric acid were 
photographed immediately after precipitation.
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Figure 3 shows the appearance of fresh precipitates, without 
and with picric acid (top row), and the same precipitates 
after 16 hours’ digestion (bottom row). There is no percep­
tible difference in the crystal size of the fresh and aged precipi­
tates. Since there can be no doubt that overnight digestion 
does improve the filterability of barium sulfate, some other 
process must take place and a further investigation showed 
that there occurred a cementation of the individual particles 
into larger groups or aggregates as shown in Figure 4. On 
the left is shown the fresh precipitate and on the right the 
same precipitate after 16 hours’ digestion, special precautions 
having been taken to prevent the breaking up of the rather 
loosely cemented aggregates in mounting them on the mi­
croscope slide. This process of aggregation has also been ob­
served by other investigators, notably Trimble (3) of the 
University of Oklahoma.

Figure 5 shows the appearance of the precipitates obtained 
in a regular free sulfur determination by the bromine-oxida- 
tion method, without and with picric acid, respectively. In 
Figure 6 are shown the precipitates obtained in the determina­
tion of total sulfur by oxidation with perchloric acid. Figure 
7 shows the effect of materials other than picric acid. The 
upper left photograph shows the crystals obtained from pure 
sulfuric acid and barium chloride solutions; those in the upper 
right were precipitated in the presence of approximately 0.5 
per cent of phenol; those in the lower left were precipitated 
from a saturated solution of trinitrobenzene; while those in 
the lower right were precipitated in the presence of 0.0025 per 
cent of picric acid. In the presence of phenol, the crystals 
are actually decreased in size. Trinitrobenzene increases 
the particle size to some extent, but its low solubility in the 
aqueous solution probably prevents its being as effective as 
picric acid.

I t has been the author’s experience that, in every case, the 
particle size of the barium sulfate precipitates has been mate­
rially increased by the presence of picric acid. I t  is not rec­
ommended in any sense as a cure-all for filtration troubles 
with barium sulfate, but its use will save a great deal of time 
and trouble if properly applied to the particular type of sulfur 
determination in question.

L itera tu re  C ited
(1) Dubrisuy and Toquct, Bull. soc. chim., 25, 354-64 (1919).
(2) KolthofF, I. M., and Vogelenzang, E. H., Pharm. Weekblad, 56,

122-42 (1919).
(3) Trimble, H. M., Proc. Oklahoma Acad. Sci., Univ. Oklahoma

Bull., New Series No. 409, Studies Series No. 29, 197 (1928).

R e c e i v e d  October 14, 1 9 3 5 . Presented before the  Division of R ubber 
C hem istry, Akron, Ohio, O ctober 1, 1 9 3 5 .
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In this connection it was interesting to note that digestion 
of the barium sulfate for 16 hours at a temperature of 80° C. 
had no significant effect upon the particle size. In no case 
could any change in particle size be detected until the diges­
tion had progressed for several days. There is a generally 
accepted belief that during digestion the smaller crystals tend 
to pass into solution, while the larger crystals grow still larger 
a t the expense of the smaller ones. There is no doubt that 
this process will take place if sufficient time be given, but it 
is much too slow to have any appreciable effect during the 
usual overnight digestion.



II. Sources o f Error in the Determination o f Free Sulfur in Rubber Compounds 
Containing Rapid Accelerators and Sulfur Bearing Accelerators

IT  HAS been known for many years that the classic ana­
lytical methods for determining the degree of vulcaniza­

tion of rubber stocks—namely, determination of the combined 
sulfur directly on an acetone-extracted sample, or indirectly 
by determining the free sulfur and subtracting it from the 
total sulfur—possessed certain inherent errors. In the older 
types of stocks, using relatively slow accelerators, those errors 
were either too small to be disturbing or could be compensated 
for by fairly simple calculations, taking into consideration the 
amounts of sulfur-bearing ingredients such as lithopone, 
barytes, rubber substitute, mineral rubber, etc., known to be 
in the stock. Furthermore, the physical properties of the 
stocks had been cataloged in the minds of the compounders 
by long experience, as fairly simple functions of the tempera­
ture and time of cure. Hence, little attention was paid to 
these errors in sulfur determinations, and the compounder 
could obtain a fairly good mental picture of the state of cure 
from the total sulfur and free sulfur results furnished him 
by the laboratory.

Of late, however, the picture has been changed by the intro­
duction and widespread use of sulfur-bearing accelerators and 
of accelerators of the “ultra” and “semi-ultra” type. The 
compounder has found that he must accustom himself to 
physical properties which no longer vary as simple functions 
of the temperature and time of cure, and the analyst finds that 
the free sulfur which he still tries to determine by the bromine- 
oxidation method is no longer simply elemental sulfur which 
failed to react with rubber during the vulcanization process, 
but may be in the form of a number of other things enormously 
more complicated. Furthermore, he may find that extrac­
tion with acetone—the foundation upon which his free sulfur 
determination rests—is not the clean-cut solvent operation 
that it was in the days before the more rapid accelerators 
came into common use.

The American Society for Testing Materials defines “free 
sulfur” as “that which is removed during acetone extraction” 
(/). No explanation is given as to whether this definition 
shall be construed to mean all sulfur extracted by acetone or 
only the elemental sulfur.

Free sulfur determinations on stocks containing rapid ac­
celerators or sulfur-bearing accelerators are subject to the 
following errors:

in the acetone-soluble, and in the non-acetone-soluble prod­
ucts of the vulcanization reaction—are closely related and 
may be considered together. For simplicity in explana­
tion, let us see the effect of these three sources of error on the 

• results of sulfur determinations on stocks containing a specific 
accelerator—mercaptobenzothiazole (MBT). This material 
contains two atoms of sulfur in the molecule: a mercapto 
sulfur or —SH group and a ring sulfur in the thiazo group.

Upon treatment with bromine, as in the bromine-oxidation 
method for free sulfur, the mercapto sulfur is readily oxidized 
and appears in the result. The ring sulfur is not appreciably 
oxidized and is lost unless a more drastic oxidizing agent such 
as perchloric acid is used. Thus, of whatever unchanged 
mercaptobenzothiazole in the cured stock goes into the ace­
tone extract, approximately half of its sulfur (the mercapto 
sulfur) appears in the result. The amount of unchanged 
mercaptobenzothiazole present in a cured stock is a function 
of various factors, such as time of cure, composition of the 
stock, etc., and so long as any unchanged mercaptobenzothia­
zole is present which can go into the acetone extract (and it is 
probably always present, no matter how long the cure) there 
is a positive error in determining the extracted sulfur. This 
error is dependent, among other things, on (1) mercaptobenzo- 
thiazole-sulfur ratio in the recipe—that is, the lower the pro­
portion of sulfur, the greater will be the error—and (2) the 
extent of the cure, which progressively removes a part of the 
mercaptobenzothiazole as a source of sulfur available for oxi­
dation with bromine.

I t  is possible that the mercaptobenzothiazole-sulfur ratios 
at various stages of a cure can be such that the acetone-ex- 
tractable sulfur due to the accelerator may be several times 
greater than the actual amount of elemental sulfur. Table I, 
illustrating such a condition, shows results obtained from a 
stock containing rubber 100, zinc oxide 5, stearic acid 1, MBT 
3, and sulfur 0.5 parts.

T a b l e  I .

Cure, a t 25 pounds (130.4' 
min.

F reesu lfu r, brom ine m ethod, % 
Elem ental sulfur, %
Difference, %
M B T  in acetone ex trac t, %

D e t e r m in a t io n - o f  S u l f u r  
1 C.).

Raw 30 45 60 240
0 .82 0 .37 0 .30 0 .29 0.21
0 .50 0.128 0.046 0.059 0.045
0 .32 0.242 0.254 0.231 0.165
2.91 2 .28 1.95 1.80 1.64

1. Elemental sulfur introduced into the compound as an
impurity in the accelerator

2. Sulfur in the molccule of the accelerator
3. Sulfur in the acetone-soluble products of the vulcanization

reaction
4. Sulfur in acetone-insoluble combinations other than with

rubber
5. Curing of the stock during extraction with acetone

These sources of error are, of course, in addition to the 
sources of error found in the older types of compounds— 
namely, combination of a part of the elemental sulfur with 
resins and with various fillers to form sulfides, introduction of 
sulfur into the stock in fillers such as barytes, rubber substi­
tute, etc.

The first source of error—elemental sulfur occurring in the 
accelerator as an impurity—is probably the smallest and least 
disturbing of all. The commercial sulfur-bearing accelerators 
may contain 6 per cent or even more of elemental sulfur, but 
its net effect is simply a change in the total elemental sulfur 
as shown in the recipe. Because of the small amounts of 
accelerator usually used, this change is small.

Items 2, 3, and 4—sulfur in the accelerator molecule, sulfur

The elemental sulfur was determined on the stock by the 
method of Guppy (2), which does not appreciably decompose 
mercaptobenzothiazole in the short time required for the de­
termination, while the mercaptobenzothiazole determinations 
were made by precipitation of its copper salt from benzene 
solution by means of copper oleate.

From these results it is obvious that the error due to mer­
capto sulfur is by no means constant. The numerical error 
is progressively smaller but proportionally larger as the cure 
increases and the extractable mercaptobenzothiazole decreases. 
With such proportions of curing ingredients, it is of such 
magnitude as seriously to affect the result, especially in long 
overcures. In the cures above 30 minutes, the elemental 
sulfur has practically disappeared, yet the “free sulfur” is 
still appreciable.

Regarding the sulfur compounds present in the acetone- 
soluble products and in the acetone-insoluble products of the 
vulcanization, very little is known except that they exist. 
I t  is not unlikely that during the cure, the mercapto group 
splits off from some of the mercaptobenzothiazole, leaving 
the benzothiazole group either combined with other sub-
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stances, split up in various ways or in the form of metallic 
complexes. Some of these reaction products may be readily 
soluble in acetone, others very difficultly soluble, and re­
moved only by very prolonged extraction, while still others 
are not removed by acetone at all. These last, unless re­
moved by some solvent other than acetone, remain in the ex­
tracted sample, later to appear as “combined” sulfur upon 
oxidation with perchloric acid.

The last item of error—cure during the extraction with ace­
tone—is probably the largest of all, and is certainly the most 
disturbing, since it eliminates a t one stroke all analytical 
methods which depend upon the accepted methods of acetone 
extraction. The extraction maintains the sample a t a tem­
perature of 57 0 C. (135 ° F.) and many accelerators cure notice­
ably a t this temperature, while some may even be activated 
somewhat by the acetone. An indication of the significance 
of this phenomenon will be seen in Table II, which shows the 
results obtained by the regular extraction and broniine-oxida- 
tion method and by Guppy’s method on a stock containing 
rubber 100, zinc oxide 5, stearic acid 1, MBT 0.5, and sulfur 
3 parts.

T a b l e  II. C o m p a r a t i v e  R e s u l t s
Cure, a t  25 pounds (130.4° C .)t m in.
Free sulfur by  ex traction  and  bro­

mine oxidation, %
E lem ental sulfur by  G uppy 's 

m ethod, %

Here, it will be seen that the elemental sulfur result is higher 
than the “bromine free sulfur” result, even though the bro­
mine oxidation gives the elemental sulfur plus the mercapto 
sulfur in the acetone extract. In other words, sufficient cure 
has taken place in the process of extraction to make the bro­
mine free sulfur appear lower than the elemental sulfur, in 
spite of the positive error due to the mercapto sulfur.

Raw 30 45 60 240

2 .37 0.73 0 .37 0 .2 0 0 .06

2 .42 0 .85 0 .44 0 .29 0 .06

Various methods have been tried to prevent, or at least re­
duce, the magnitude of this cure during extraction and the 
most effective method so far developed has been that of cold 
extraction—that is, by using an apparatus in which the ace­
tone is cooled to or below room temperature before coming in 
contact with the sample. The apparatus used was one built 
up of glassware available in most laboratories and is shown in 
Figure 1.

The sample is placed in the siphon cup, A, which is an ordinary 
Pyrex cup having an extension sealed to the lower end of the 
siphon, so as to give it sufficient length to pass through a cork 
stopper which is placed in the regular A. S. T. M. extraction 
flask. The vapor tube, B, carries the acetone vapors from the 
flask to the top of a Friedrich condenser, through which the con­
densed vapors pass, cooling the acetone to approximately tap- 
water temperature before it comes in contact with the sample. 
The top of the siphon cup is in loose contact with the bottom of 
the condenser, thus keeping evaporation at a minimum and at 
the same time allowing sufficient venting for the apparatus. 
The sample is extracted on this apparatus for 16 hours and then is 
transferred to a regular A. S. T. M. siphon cup, and the flask 
with its contents is removed from the stopper and placed on the 
customary hot plate where the extraction is continued, hot, until 
complete. Thus the fust stage removes a large portion of the 
curing ingredients without heating the sample to a curing tem­
perature, and the process is finished at the higher temperature to 
insure complete extraction.

In Table I I I  is shown the effect of such an extraction upon 
the combined sulfur.

T a b l e  III. E f f e c t  o f  C o l d  E x t r a c t i o n

Stock Z-516 Z-517
R ubber 100 100
Zinc oxide 5 5
S tearic acid 1 1
M B T 0 .5 3
Sulfur 3 0 .5

T o ta l sulfur, e lem ental and  in M B T , calculated, % 2.914 1.505
Com bined sulfur, left by h o t ex traction  of raw  stock,

% 1.09 0 .44
Com bined sulfur, le ft by  cold ex traction  of raw

stock, % 0.05 0.19

Thus, with the present bromine method the “free sulfur” 
determined is actually the elemental sulfur plus a more or less 
indefinite fraction of the sulfur in the accelerator molecule 
and minus the sulfur lost in cure during extraction. There­
fore, the definition given for free sulfur and the method given 
for its determination are incompatible, and until the definition 
is changed to remove its ambiguity and the method changed 
to fit the revised definition, the rubber analyst is left in a 
rather embarrassing position with regard to this very im­
portant determination.

L itera tu re  C ited
(1) A. S. T . M . Standards, p. 1135 (1933).
(2) Guppy, W. D.. Rubber Chem. Tech., 5, 360-2 (1932).

R e c e i v e d  October 14, 1935. P resented  before the  D ivision of R ubber 
C hem istry, A kron, Ohio, October 1, 1935.

C o r r e c t i o n .  In the article “ A  Thermionic Titrimeter with­
out Batteries,” by Willard and Hager, which was published in the 
A n a l y t i c a l  E d i t i o n  for March 15, 1936, the sentence beginning 
at the bottom of page 144 and running over to the top of page 145 
should read as follows: “Since the power requirements are low, 
any good radio power transformer designed for midget sets and 
capable of delivering 10 ma. at 220 volts for the plates of the 
tubes and 2 amperes at 2.5 volts for the heater will be satisfac­
tory." The third sentence in the second paragraph under the 
heading “Variable Resistor” in the same column should read: 
“The settings of Rz and Rt have no bearing on the accuracy or 
sensitivity of the titrimeter, but the values of Rt and for maxi­
mum sensitivity depend on the effective resistance of the tubes 
and of the m eter.. . . ”



Iodom etric Determ ination o f Maltose
A Rapid and Convenient Semi-micromethod for Determ ining Maltose 

in Studies o f Amylase Action

M. L. CALDWELL, S. E. DOEBBELING, AND S. II. MAN1AN 
D epartm ent of Chemistry, Columbia University, New York, N. Y.

THE method briefly presented here for the iodometric 
determination of reducing sugar formed in the hydrolysis 
of starch by amylases was developed to meet the special 

requirements of studies of amylase action in the presence of 
heavy water (5) but has proved convenient for more' general 
use with these enzymes. The method is accurate, precise, 
and rapid, requires relatively small volumes of solutions and 
no elaborate apparatus, and is suited to work with different 
amylases. This is shown by the quantitative recovery of 
maltose from starch dispersions of different electrolyte con­
centrations and hydrogen-ion activities adjusted to the condi­
tions which favor the action of pancreatic amylase (11) on the 
one hand and of the amylases of barley malt (4, IS) on the 
other. The method is especially recommended for work with 
heavy water, in which the recovery of the heavy water is an 
important consideration, as its dilution with reagents is kept 
relatively low and its evaporation is decreased by the omission 
of such steps as boiling and filtering which are encountered 
in many other procedures.

Previous investigators have emphasized the importance to 
quantitative interpretation of controlling the hydrogen-ion 
activity of the solutions during the oxidation of sugar by iodine 
(1-3, 6-8) and have proposed the use of suitable buffers 
(2, 3, 7, S). This principle has been successfully applied in the 
micromethod recently developed by Linderstr0m-Lang and 
Holter (7) for the determination of minute amounts of reduc­
ing sugar in microstudies of amylase action and has been 
incorporated in the method described here. The present 
report does not introduce new theoretical principles but unites 
in one convenient procedure conditions which have been found 
important by different workers.

D e te r m in a tio n  o f  R ed u c in g  Sugar
R e a g e n t s .  A buffer solution (7) was prepared by mixing 5 

volumes of 0.2 M  sodium carbonate and 1 volume of 0.4 M  hydro­
chloric acid. The sodium carbonate was purchased in the form 
of a highly purified and analyzed product and used without fur­
ther purification.

0.05 M  iodine in 2.4 per cent potassium iodide (14), 0.6 M sul­
furic acid, 0.05 M  sodium thiosulfate, and 1 per cent starch dis­
persion as indicator.

P r o c e d u r e .  Five cubic centimeters of the buffer solution are 
pipetted into a 250-cc. glass-stoppered Erlenmeyer flask. One 
cubic centimeter of the sugar solution (starch-hydrolysis mixture) 
to be analyzed is pipetted into the buffer solution in the flask and 
immediately treated with 2 cc. of 0.05 M  iodine solution which is 
added from a long-tipped automatic buret graduated to 0.01 cc. 
After gentle rotation to insure thorough mixing, the solution is 
allowed to stand in the tightly stoppered flask in the dark at room 
temperature for 30 minutes for the oxidation of the sugar. Varia­
tions in room temperature from 23° to 29° do not appreciably 
influence the results. The time allowed for the oxidation of the 
sugar is, however, important and should be kept constant. At 
the end of 30 minutes, 5 cc. of 0.06 M  sulfuric acid are added 
from a buret in such a manner as to wash down the sides of the 
flask and mix gently but thoroughly with the solution. The 
excess iodine is immediately titrated with 0.05 M  thiosulfate 
which is added from an automatic long-tipped buret graduated 
to 0.02 cc. If no starch is present, 1 or 2 drops of a 1 per cent 
starch dispersion are added as indicator. The difference between 
the volume of thiosulfate required to reduce 2 cc. of the original 
iodine solution, treated as described above, and that required for 
the iodine which remains after the oxidation of the sugar repre­

sents the iodine reduced by the sugar and, hence, gives the equiva­
lent of maltose present in the solution.

The data presented here indicate that the maltose is 
quantitatively oxidized under the prescribed conditions (pH 
approximately 9.9) to the corresponding monobasic acid 
according to the following equation:

C12H22O11 +  I2 +  3NaOII — >- Ci2H2iOi2Na 2NaI -j- 2H2O

With the type of buret suggested, approximately 1 minute 
is required to combine the sugar solution with the buffer 
and the iodine, while 2 minutes are sufficient for the addition 
of the sulfuric acid and the titration with the thiosulfate. 
This makes it possible to obtain measurements of maltose at 
frequent intervals, 2 or 3 minutes apart, and enables one to 
follow the course of the formation of maltose throughout the 
hydrolysis of starch by amylase or to obtain strictly com­
parable measurements of the action of a given enzyme solu­
tion upon different substrates hydrolyzed side by side. In 
cases where frequent sampling of hydrolysis mixtures is 
desired, the aliquots of the buffer solution are pipetted into 
the glass-stoppered Erlenmeyer flasks before the enzyme 
hydrolyses are started.

A c c u r a c y . The accuracy of the method was established 
by the use of a purified sample of maltose. I t  was found 
to contain 94.9 per cent of maltose when examined by the 
gravimetric copper-reduction method of Quisumbing and

F i g u r e  1 . R e c o v e r y  o f  M a l t o s e  f r o m  I t s  A q u e o u s  
S o l u t io n s

D ata  represent th iosu lfa te  equivalent to  th e  iodine reduced by  the 
maltose. Circles show experim ental values; solid line , th e  s to i­

chiom etric values.
The m altose solution contained approxim ately  20 mg. of anhydrous 
m altose per cc. T he th iosu lfa te  so lu tion  was 0.0516 M  (1 cc. was 

equivalent to  0.0877 mg. of anhydrous m altose).



182 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 8, NO. 3

Thomas (5); 95.1 per cent of maltose when examined for 
specific rotatoiy power, [a]2,? =  131.29° (10); and 94.9 
per cent of maltose when examined by the method outlined 
here.

P r e c i s i o n .  The precision or reproducibility of the method 
is shown by the following typical data: Eight aliquot por­
tions of 1 cc. each of a maltose solution which contained 
approximately 20 mg. of maltose per cc. were treated as de­
scribed above. The 0.05 M  thiosulfate required to reduce the 
excess of iodine which remained after the oxidation of the 
sugar in the different aliquots was 2.11, 2.11, 2.11, 2.11, 2.10, 
2.11, 2.11, and 2.11 cc. (0.01 cc. of the thiosulfate solution 
used was equivalent to 0.085 mg. of anhydrous maltose).

L i m i t s  o f  C o n c e n t r a t i o n  o p  M a l t o s e .  The stoichio­
metric relationship between maltose and iodine given above 
was established with 1-cc. portions of aqueous solutions of 
maltose which contained approximately 20 mg. of maltose 
per cc. By taking the experimental thiosulfate equivalent 
of 1-cc. portions of such maltose solutions as 100 per cent 
recovery of maltose, it was found that the method outlined 
here may be used for the quantitative determination of 
maltose up to 25 mg. This is shown by the experimental 
data and calculated values given in Table I  and in Figure 1. 
When not more than 25 mg. of maltose are considered, the 
average deviation of the differences between the experimental 
and stoichiometric values (columns 3 and 4, Table I) is 
0.01 cc. of the thiosulfate solution, equivalent to 0.0877 mg. 
of anhydrous maltose. Therefore the method is suitable for 
the determination of the amounts of maltose which are 
theoretically obtainable from 1-cc. portions of reaction mix­
tures resulting from the hydrolysis of 1 or 2 per cent starch.

D e t e r m i n a t i o n  o f  M a l t o s e  i n  t h e  P r e s e n c e  o f  S t a r c h  
a n d  I t s  H y d r o l y s i s  P r o d u c t s .  In the study of amylase 
action it is important to use a method for the determination 
of reducing sugar which gives quantitative results in the 
presence of starch and its other hydrolysis products, which 
may be present in the reaction mixtures in any proportions 
depending upon the conditions of the amylase experiments. 
The procedure outlined above fulfills these requirements. 
The typical data summarized in Table I I  show that the 
presence of 2 per cent starch and of the electrolytes and 
hydrogen-ion activities which favor the action of pancreatic 
amylase on the one hand (11) and of the amylases of barley 
malt on the other (4) do not interfere with the accurate de­
termination of maltose and justify the use of the method for 
the study of different amylases which act upon starch adjusted 
to widely different conditions (4, 11). Moreover, the data 
summarized in Table III  show that maltose was quantita-

T a b l e  I. R e c o v e r y  o f  M a l t o s e  f r o m  A q u e o u s  S o l u t io n s  
o f  K n o w n  C o n c e n t r a t io n

T hiosu lfate  E qu ivalen t
Thiosulfate to  M altose Oxidized M altose R ecovered

M altose for E xperi­ Stoichio­ E xperi­ Stoichio­
Solution R esidual m ental m etric m ental m etric

Used Iodine value value value® value
Cc. Cc. Cc. Cc. Mo. Mg.

None 4 .07 0 .0 0 0 .0 0 0 .00 0 .0 0
0 .1 3 .S5 0 .2 2 0 .23 1.93 2 .03
0 .2 3 .61 0 .4 6 0 .4 6 4 .03 4 .0 5
0 .3 3 .4 0 0 .6 7 0 .6 9 5 .8 8 6 .08
0 .4 3 .1 4 0 .9 3 0 .9 2 8 .16 8 .1 0
0 .5 2 .9 0 1.17 1.16 10.26 10.13
0 6 2 .6 5 1.42 1.39 12.45 12.16
0 .7 2 .4 4 1.63 1.62 14.30 14.18
0 .8 2 .22 1.S5 1.85 16.22 16.21
0 .9 2 .00 2 .07 2.08 18.15 18.14
1 .0 1 .76 2 .31 2 .31 20.26 20 .26
1.1 1.52 2 .55 2 .54 22.36 22.29
1.2 1 .30 2 .77 2 .77 24.29 24.31
1.3 1.12 2 .95 3 .0 0 25.87 26.34
1 .5 0 .7 5 3 .3 2 3 .4 7 29.12 30.39
1.7 0 .5 5 3 .5 2 3 .9 3 30.87 34.44
1.9 0 .4 2 3 .6 5 4 .3 9 32.01 38 .49
2.1 0 .3 0 3 .7 7 4 ,S 5 33 .06 42 .55

a 1 cc. of the  th iosu lfa te  solution was equ iva len t to  8.77 mg. of m altose

tively accounted for when it was superimposed upon reaction 
mixtures obtained at different stages of the hydrolysis of 
starch, in the presence of different concentrations and pro­
portions of its hydrolysis products. This justifies the use 
of the method to follow the course of the formation of maltose 
from starch throughout its hydrolysis by amylase.

T a b l e  II. D e t e r m i n a t io n  o f  M a l t o s e  i n  P r e s e n c e  o f  2 
P e r  C e n t  S t a r c h  A d j u s t e d  t o  C o n d it io n s  W h i c h  F a v o r  A c­

t io n  o f  D i f f e r e n t  A m y l a s e s

(D a ta  expressed in cc. of 0.05 M  th iosu lfa te  required  for reduction  of excess
iodine)

a b
1 cc. of m altose solution, alone 1.89
1 cc. of 2 per cent s ta rch , alone 4 .3 6  4 .36
1 cc. of 2 per cent s ta rch  -f- 1 cc. of m altose so lu tion  1 .88  1 .88
0.5 cc. of m altose solution, alone . .  . . 3 .15
1 cc. of 2 per cen t s ta rch  +  0.5 cc. of m altose so lu tion  3 .0 8  3 .07

a 2 per cent s ta rch  a d ju sted  to  pH  7.1; 0.01 M  phosphate ; 0.025 M  sodium  
chloride; conditions which favor th e  action of pancreatic  am ylase (.11).

b 2 per cen t s ta rch  ad justed  to  pH  4.5; 0.01 M  ace ta te ; conditions which 
favor the  action  of th e  am ylases of barley  m alt (4).

In this connection, it is of interest to note that there is 
good agreement in the values obtained for reducing sugar 
(calculated to maltose) formed in the hydrolysis of starch 
by amylase when comparable reaction mixtures are analyzed 
by the method described above and by the gravimetric copper- 
reduction procedure heretofore generally employed in this 
laboratory (11,13). In a typical case, proportionate volumes 
of a solution of pancreatic amylase reacted with 100-cc. and
5-cc. portions of 2 per cent buffered (11) starch. At the end 
of 30 minutes, the 100-cc. digestion mixtures, when examined 
by the gravimetric method, yielded 270 mg. of maltose, while 
1-cc. aliquots of the 5-cc. reaction mixture gave 2.79 mg. of 
maltose per cc. when analyzed by the procedure described 
here.

T a b l e  III. R e c o v e r y  o f  M a l t o s e

(W hen superim posed on reaction  m ixtures a t  different stages of the  hydrolysis 
of s ta rch  by  pancreatic  am ylase)
T hiosu lfate  for R esidual Iodine

R eaction
Tim e of m ixture

H ydrolysis 
of S tarch

R eaction plus 1 cc. of
m ixture m altose

by  Amylase alone soln .a Difference®
M in Cc. Cc. Cc.

10 3 .0 0 1.96 1.04
20 2.77 1.76 1.01
45 2 .59 1.58 1.01
60 2 .5 2 1.51 1.01

120 2 .4 8 1.43 1 .05

anhydride.

a 1 cc. of th is m altose so lu tion  alone was equ iva len t to  1.01 cc. of the  th io ­
su lfa te  solution.

D e t e r m i n a t i o n  o f  M a l t o s e  i n  P r e s e n c e  o f  H e a v y  
W a t e r .  Equal weights of maltose were dissolved in 100 
per cent purified heavy water (5) and in redistilled ordinary 
water and analyzed by the above procedure with the follow­
ing results, given in cubic centimeters of 0.05 M  thiosulfate 
requited for the excess iodine in each case:

R eagents alone plus 1 cc. of o rd inary  w ater (blank) 4.07, 4.07
R eagents alone plus 1 cc. of 100 per cen t heavy w ater (5)

(blank) . . .  4 07» 4 07
1 cc. of a so lution of m altose dissolved in o rd inary  w ater 2.13, 2.13
1 cc. of a so lu tion  of m altose dissolved in 100 per c en t heavy

w ater (5) 2.13, 2.12

These data make it evident that the method outlined here 
may be used for the determination of maltose in the presence 
of heavy water.

S u m m a ry
A rapid and convenient method for the quantitative de­

termination of reducing sugar (maltose) formed in the 
hydrolysis of starch by amylases is briefly described. It is 
especially recommended for studies of amylase action in the 
presence of heavy water.
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Determ ination o f Phosphorus in Stainless Steels
A Rapid Method Using Perchloric Acid

C H A R L E S D . SU SA N O 1 AND J . H . B A R N E T T , J R .,2 K n o x v ille , T e n » .

IN THE course of recent months, the materials testing 
laboratories of the Tennessee Valley Authority have 

been called upon to make a large number of analyses of stain­
less steels. Particular stress was placed upon the rapidity 
with which the analyses could be made. The analysis in 
general presented no unusual difficulties, but since time was 
an important factor, a more rapid method for the determina­
tion of phosphorus was sought to replace the one now in 
general use. The method now used requires the action of hy­
drochloric-nitric acid mixture to effect solution of the sample, 
oxidation of phosphides to phosphate, and the subsequent 
removal of hydrochloric acid, a t best a time-consuming opera­
tion fraught with many difficulties.

Perchloric acid (60 per cent) was found to be suitable for 
replacing the above-mentioned acid mixture, thus eliminating 
the necessity of removal of hydrochloric acid. I t  is known 
that perchloric acid interferes neither with the precipitation 
of ammonium phosphomolybdate nor with its estimation by 
alkalimetric methods (6). I t  is shown below that phosphides 
in steel are completely oxidized to phosphate by the action of 
hot 60 per cent perchloric acid. The use of weaker concen­
trations of perchloric acid is not recommended. Lundell 
advises that from 10 to 15 per cent of the phosphorus may be 
lost if a 50 per cent acid is used (5).

The speed of the method lies in obviating the necessity of 
removing chlorides and in circumventing oxidation by nitric 
acid and potassium permanganate as practiced in the normal 
phosphorus procedure (4). I t  is known that perchloric acid 
may be used for the removal of chlorides, when present, as 
hydrochloric acid in phosphorus determinations (7), but the 
power of perchloric acid to oxidize phosphides to phosphate 
has apparently not been described. The authors’ conclusions 
with regard to the accuracy and the precision of the suggested 
method are based on the results of repeated analyses of several 
Bureau of Standards samples and a comparison with the certi­
fied values given therewith. The data given below show close 
agreement with Bureau of Standards phosphorus values.

To show that perchlorates do not interfere with the pre­
cipitation of ammonium phosphomolybdate, a series of deter­
minations on pure diammonium phosphate was made in the 
presence of normal concentrations of perchloric acid. The 
results (Table III) gave close checks with the calculated 
theoretical phosphorus content of the salt in each case. In 
the determination of phosphate in iron ore, Willard has 
substituted perchloric acid for nitric acid in the procedure for 
the removal of chlorides after silica dehydration. He re-

1 Tennessee Valley A uthority , K noxville, Tenn.
5 Present address. T he  R eilly  T ar & C hem ical Corp., C hattanooga, Tenn.

ports that the presence of perchloric acid introduces no error 
(11).

In this laboratory, this method has resulted in more than 
50 per cent saving in operator’s time in the analysis of stain­
less steels. Fewer losses by splattering occur and, in general, 
greater accuracy has been obtained.

While 60 per cent perchloric acid is among the more ex­
pensive analytical reagents, the saving in operator's time 
more than compensates for the additional cost. The cost of 
the chemicals for this method amounts to approximately 7 
cents per determination.

E xperim ental

R e a g e n t s .  The reagents for this method are essentially 
those required in the normal determination of phosphorus in 
steel, plus 60 per cent reagent grade perchloric acid (1).

Procedure
To a 2.00-gram sample placed in a 500-rnl. Erlenmeyer flask, 

add 20 ml. of 60 per cent perchloric acid and warm to effect 
complete solution. Cover with a funnel, the stem of which 
has been removed, and boil for 30 minutes or until the chromium 
is completely oxidized. Here a modified still head, as described 
by Smith, may be used to advantage (8). The solution should 
be a deep red to brown color. Cool, dilute to 100 ml., and add 
ammonium hydroxide (specific gravity 0.90) until a slight pre­
cipitate is formed. Approximately 12.5 ml. will be required. 
Dissolve the brown precipitate by the addition of nitric acid 
(specific gravity 1.20). Here 20 to 25 ml. will suffice. Add 1 to 
5 ml. of 1 to 10 ammonium bisulfite, sufficient to reduce the 
chromium and vanadium present (ferrous sulfate may be used 
for this reduction). Boil to remove nitrous oxide fumes and free 
chlorine (2). Allow the solution to cool slightly, add 50 ml. of 
ammonium molybdate solution, and agitate for 5 minutes. 
Allow the precipitate to settle at room temperature for 2 hours 
or more.

Filter the yellow precipitate and wash from the containing 
vessel, first with 2 per cent nitric acid five to ten times to remove 
iron salts, and subsequently with 2 per cent potassium nitrate 
solution until the filtrate is no longer acid to litmus paper. Place 
the precipitate with the filter paper in the original precipitation 
vessel, dilute with about 50 cc. of water, and then add 8 drops of 
phenolphthalein indicator. Add an excess of standard sodium 
hydroxide solution and agitate to effect complete solution of 
the yellow precipitate. Titrate the excess of alkali with standard 
acid solution.

If the standard solutions are adjusted to 0.149 N , 1 ml. 
of alkali consumed by the yellow precipitate will be equivalent 
to 0.01 per cent of phosphorus in the original 2.00-gram 
sample. The alkali was standardized against Bureau of 
Standards potassium acid phthalate. The acid was then,
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in turn, standardized against the alkali and the theoretical 
factor (1 to 23) was used in the titrations according to the 
reaction (4)

(NH,),P04(MoO,)iS +  23NaOH =
Na2MoOi +  NaNHJIPO, +  11H20  +  (N H ^M oO,

D iscu ssion  and N otes on  Procedure

The presence of vanadium in quantities up to 0.25 per cent 
seems to present no difficulty in this method since it appears 
in the precipitation reaction in the reduced state. If, how­
ever, the operator fails to reduce this element, error will be 
admitted in the form of apparent high phosphorus percent­
age. Bureau of Standards samples, No. 73 stainless steel, 
No. 101 18-8 chrome-nickel steel, and No. 30c chrome-vana- 
dium steel, all contain vanadium in appreciable quantities, 
yet the results in Table I  are in keeping with the certified 
phosphorus values.

The quantity of silicon normally encountered in stainless 
steels failed to affect the results noticeably when alkali- 
metric methods were used in the final estimation. Gravi­
metric procedures, of course, call for the removal of silica 
before precipitation and this may be readily done when per­
chloric acid is used for initial solution, since silica appears in 
its most tractable form when dehydrated with this acid. 
In fact, silicon may be determined by the Willard and Cake 
method (12) on the same sample originally wreighed for 
phosphorus.

Smith and Goehler have proved that vacuum-distilled 
perchloric acid is free from phosphorus (9). Blank deter­
minations of perchloric acid used in these tests confirmed their 
findings. I t  is therefore unnecessary to run blank deter­
minations if it is known that the perchloric acid is purified by 
vacuum distillation.

For plain carbon steels (Tables I and II) this method may 
also be applied. The authors’ conclusions in regard to its 
use in the analysis of plain carbon steels have been confirmed 
in parallel tests by Willard and Delp (10). Likewise, high- 
phosphorus iron may be analyzed. Nothing will be gained, 
iiowever, by the use of perchloric acid in the analysis of any 
material which is normally soluble in nitric acid.

An effort was made to eliminate the neutralization of per­
chloric acid by ammonia and the reacidification with nitric 
acid by the addition of ammonium nitrate directly to the 
reaction mixture. The results were not consistently good.

The method seems applicable to phosphorus concentrations 
over a wide range. Bureau of Standards sample No. 56, 
brown phosphate rock, was checked by this method and the 
results were comparable with those obtained by the usual 
alkalimetric method (3).

The analysis of several Bureau of Standards samples 
indicates that the accuracy and precision of the method using 
perchloric acid is good. Table I shows results obtained writh 
the perchloric acid method using acid-alkali titration.

T a b l e  I. R e s u l t s  w i t h  P e r c h l o r i c  A c id  M e t h o d

B ureau of S tandards 
Sam ple

N um ber of 
D eterm ina­

tions

No. 73 stain less steel 
No. 101 18-chromium 8-nickel 

steel
No. 8d bessemer steel 
No. 20c A. O. H. steel 
No. 30c chrom e-vanadium  

steel 
No. 7c cast iron

Certified 
Phos­

phorus Phosphorus Found 
Value A verage High Low

% % % %
0.023  0 .023  0 .024  0 .022

0.011
0.099
0.044

0.011
0.097
0.042

0.012
0.098
0.043

0.010
0.096
0.042

0.019  0 .019  0 .022  0 .018  
0 .7 8  0 .8 0  ’ 0 .8 0  0 .8 0

Table II  gives the results of analyses performed in the same 
manner as given above, except that the phosphorus is deter­
mined finally as in the usual gravimetric method by precipita­

tion as magnesium ammonium phosphate and ignition to the 
pyrophosphate.

T a b l e  II. D e t e r m i n a t i o n  o f  P h o s p h o r u s

B ureau of S tandards 
Sample

No. 8d bessem er steel 
No. 20c A. O. H . steel

Certified 
N um ber of Phos-
D eterm ina- phorus 

tions Value
%

3 0.099
2 0.044

Phosphorus Found 
Average H igh Low

% %%
0.105
0 .042

0 .108  0.101 
0 .042  0.042

The results of several aliquots of pure diammonium phos­
phate are given in Table III. In each case the aliquot was 
equivalent to 0.235 mg. of phosphorus, a quantity in the same 
order as those quantities occurring in the Bureau of Stand­
ards samples used in this investigation.

T a b l e  III. R e s u l t s  w i t h  P u r e  D ia m m o n iu m  
P h o s p h a t e

Sample

(N H 4)2HPO<

N um ber of 
D eterm ina­

tions

Phos­
phorus

Presen t
%

0.235

Phosphorus Found 
Average H igh Low

% % %
0 .232  0 .235  0 .226

I t  is likely that this method may be applied to the analysis 
of phosphor-bronze with considerable savings in operator’s 
time. Work on such a method is now in progress in this 
laboratory.

Su m m ary
The phosphorus content of difficultly soluble steels, such 

as stainless steels, may be quickly determined by dissolving 
and subsequently boiling the sample in 60 per cent perchloric 
acid before subjecting it to normal analytical procedures. 
Perchlorates do not interfere with the determinations of 
phosphorus either in volumetric or gravimetric methods.
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Bitum inous Plastics
Determ ination o f Flow Properties

R . N . T R A X L E R  
T h e  B arber A sp h a lt  C o m p a n y , M aurer , N . J .

AMONG bituminous tech­
nologists the terms “plas­

tic” and “plastic cement” are 
usually reserved for three-phase 
compounds made up of bitumen, 
solvent, and filler. In most cases 
the latter is composed of fibrous 
material, either alone or in com­
bination with a granular mineral 
powder. However, in the dis­
cussion to follow, a bituminous 
plastic will be considered as any 
asphaltic material which shows 
a definite deviation from viscous 
flow—i. e., exhibits a curvilinear 
relationship between flow and 
s h e a r i n g  stress. These sub­
stances may or may not possess 
an apparent yield value, but they all exhibit, in varying de­
grees, elasticity, thixotropy, and comparatively great resist­
ance to deformation. The more highly filled materials fre­
quently show the phenomenon of dilatancy (20).

Karrer (12) in a discussion of plasticity mentions the pre­
vailing tendency to classify materials by the manner in which 
they may be plasticized. If such a classification is employed, 
the bituminous materials to be discussed must be described 
as thermoplastics because they are workable and moldable 
when hot. Cameron and Lineberry (4) suggested, however, 
tha t the term “plasticity” be applied only to dispersed sys­
tems in which a t least one component is a film-forming liquid. 
This definition describes most bituminous plastics.

M eth o d s for S tu d y in g  F low  P roperties
Several distinctly different methods for obtaining informa­

tion concerning the flow properties of bituminous materials 
have been used recently in this laboratory. Although some of 
the methods were not thoroughly explored, valuable infor­
mation concerning the nature of the flow of asphaltic materials 
was obtained by the various approaches.

A parallel-plate plastometer similar to that described by 
Peek (17) was employed to study the flow properties of viscous 
bitumens filled with large amounts of pulverized minerals. 
In this machine a constant load is applied to a small briquet 
of the plastic material, and the rate of movement in the sample 
is followed by means of an Ames dial. The graphical method 
of treating the data advocated by Peek was tedious if a large 
number of mixtures was to be investigated. For some pur­
poses the more rapid method of treatment proposed by Man­
ning (lJf) should be satisfactory.

A mixture made up of 39 per cent by volume of pulverized 
slate and 61 per cent by volume of a soft bitumen (48 seconds 
float at 150° T. or 65.6° C.) was cast in the form of a cylinder 
2.540 cm. in c iameter and 0.793 cm. high. This sample was 
placed in the parallel-plate plastometer a t 25° C. and sub­
jected to a ad of 11,500 grams for 336 hours (1,209,600 
seconds). By analyzing the data obtained during the first 
two or three hours by the graphical method mentioned, a yield 
value of approximately 360,000 dynes per sq. cm. was ob­
tained for this slate-bitumen mixture. However, as shown by 
the data in Table I, the mixture was still flowing after 336 
hours had elapsed and when the sample was 45 per cent of

its original h e i g h t .  T h e s e  
results indicate that the yield 
value ascribed to many bitu­
minous materials may be a 
fictitious value obtained through 
the use of insufficient data.

C a r e f u l  measurement with 
this instrument indicated that 
even h i g h ly  filled compounds, 
containing as little as 10 or 12 
per cent bitumen, do not pos­
sess a true yield value. Never­
theless, v a l u a b l e  comparisons 
of various m i x t u r e s  may be 
obtained by c a l c u l a t i n g  an 
apparent yield value for each 
co m p o u n d  from the deforma­
tions occurring during the course 

of one or two hours in the plastometer.
The parallel-plate plastometer in a modified form was also 

used to obtain information concerning the elastic properties 
of mixtures of sand, mineral powder, and bitumen, in which the 
latter is present only to the extent of 10 per cent by weight. 
A rather large force was applied to the briquet of plastic 
material for a length of time sufficient to cause complete 
elastic compression without appreciable permanent deforma­
tion. The load was then carefully but quickly raised and the 
instantaneous recovery in sample height noted. After several 
minutes the upper plate of the plastometer was again lowered

T a b l e  I. F l o w  o f  S l a t e - B i t ü m e n  M i x t u r e  i n  P a r a l l e l -  
P l a t e  P l a s t o m e t e r

H eight of H eight of H eight of
Tim ea Sample Tim e0 Sam ple Time® Sam ple
Sec. Cm. Sec. Cm. Sec. Cm.

0 0.7930 80 0.4022 258,000 0.3622
5 0.4670 210 0.3862 600,000 0.3587

10 0.4480 600 0.3782 885,600 0.3575
15 0.4385 2400 0.3751 950,000 0.3567
20 0.4310 21,800 0.3719 1,209.600 0.3560
40 0.4168
a In  order to conserve space, all of the  in te rm ediate  values a re  n o t re-

corded.

into contact with the sample, and the final recovered height 
was recorded. This procedure was repeated several times, 
and the average value thus obtained was used in calculating 
the modulus of elasticity of the paving mixture. The testing 
loads were applied in decreasing order of magnitude. Moduli 
of elasticity, for two-sheet asphalt paving mixtures, determined 
by this method are as follows; the bitumen used in preparing 
these mixtures was a batch steam-processed oil asphalt of 50 
penetration at 25° C., 100 grams, 5 seconds:

Lim estone
B itum en D ust Sand Tem p. E lastic  M odulus

-—Per cent by weight—» ° C. Dgnea/sq. cm. Lb./eq. in .
12 10 78 24 .7 5 .9  X 10» 8 .5  X  10»
9 10 81 25 .0 6 .5  X 10» 9 .5  X 10*

In addition to the parallel-plate plastometer, a Baldwin- 
Southwark compression testing machine was used to obtain 
preliminary data concerning the flow of asphalt paving mix­
tures under compression. The moduli of elasticity were de­
termined on a variety of paving mixtures, and values were

T h e  co m p lica ted  flow properties o f  b itu ­
m in o u s p la stic s  probably ca n n o t b e sa t is ­
fa cto r ily  eva lu a ted  by any s in g le  m eth o d  
d iscu ssed . O n a cco u n t o f  the n u m b er  o f  
variab les en co u n tered  and  th e  varying d e­
grees in  w h ich  each  property  m a y  appear, 
a b so lu te  values w ill b e d ifficu lt or im ­
p ossib le  to a tta in . H ow ever, th is  fa c t  
sh o u ld  n o t  d iscou ragc th e  in v estiga tor  from  
em p lo y in g  an y  o f  th e  m eth o d s o f  r lieo logy , 
s in c e  o n ly  by m ea n s o f  su ch  approaches  
can  a clear u n d ersta n d in g  o f  th e  behavior  
o f  b itu m in o u s  p la stic s  u n d er service co n d i­
tion s b e acqu ired .
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obtained for the yield point, ultimate strength, and mobility. 
At the present time the amount of data available using this 
machine is limited, and all its possibilities have not been fully 
explored.

The alternating stress method described by Bingham and 
Stephens (3), which utilizes a cylinder of the material cast 
in a glass tube, was used to investigate the flow characteristics 
of viscous bitumens (18, SI) as well as some air-blown as­
phalts and a large number of rather soft, mineral-filled com­
pounds which possess only moderate plastic properties. Ap­
parent viscosities a t 60° C. and at different shearing stresses 
are given in the following table for a mineral-filled air-blown 
bitumen possessing a penetration of 15 at 25° C., 100 grams, 
5 seconds:

Shearing Stress

A pparent 
Viscosity 
a t 60° C. Shearing Stress

A pparent 
Viscosity 
a t  60° C.

D ynes/sq. cm. Poises X /(?“• Dynes/sq. cm. Poises X 10 "•
104,200 (out) 9 .30 62.240 (out)

62.240 (in)
6.44

104,200 (in) 6.28 6.41
91,600 (out) 4 .75 52.750 (out)

52.750 (in)
7 .99

91,600 (in) 4 .58 7 .77

These data give considerable information concerning the 
flow properties of the compound. Structure within the bitu­
minous material is rapidly destroyed by the mechanical work­
ing to which the sample is subjected. This explains the large 
decrease in apparent viscosity which occurs between the first 
and second “out” determinations—the material is thixotro- 
pic. Presence of elasticity in the sample is evident from the 
fact that the “out” values are always higher than the “in” 
values. Finally, the increase in viscosity with decreasing 
shearing stress indicates tha t the material is not purely 
viscous. If the determinations had been made a t a lower 
temperature, all of the above effects would have been ampli­
fied.

The consistencies of bituminous materials increase with 
age, rapidly a t first and then more slowly, as a longer 
time elapses since the material was in a molten condition. 
This increase in consistency is not due to the loss of volatile 
constituents because careful remelting and cooling will effect 
a return to the original value. Time-hardening in bituminous 
materials, which is being studied a t present by means of the 
falling coaxial cylinder type of viscometer (19), appears to be 
due to the development of some type of structure within the 
material. Seven falling coaxial cylinder viscometers were 
filled with a soft air-blown bitumen (90 penetration a t 25° C., 
100 grams, 5 seconds). One sample was brought to 25° C. and 
a determination was made 4 hours after pouring. The 
remaining loaded viscometers were placed in a constant-tem- 
perature cabinet maintained at 25° C. and left undisturbed 
a t that temperature until removed for testing. The times 
and experimentally determined viscosities for the air-blown 
asphalt are as follows; a shearing stress of 17,000 dynes per 
sq. cm. was used for each determination:

Viscosity 
a t  25° C.

Viscosity 
a t  25° C.Tim e Time

Hours Poises X  10-* Hours Poises X 10 ~*
4 12.3 171 21 .7

25 15.1 507 24 .9
52 16.3 700 31 .4

100 18.8

A similar set of experiments was performed using six vis­
cometers filled with an asphalt (55 penetration a t 25° C., 
100 grams, 5 seconds) produced from Mexican petroleum in 
a vacuum still. The data for this vacuum-refined asphalt are 
as follows:

Tim e
Viscosity 
a t  25° C. Tim e

Viscosity 
a t  25° C.

Hours Poises X 1 0 “# Hours Poises X  10~*
4 5 .13 171 5 .94

24 5.51 507 6 .52
72 5.71 1012 6.71

Steam- and vacuum-refined asphalt do not show as rapid 
an increase of viscosity with time as do the air-blown bitu­
mens. The structure which probably accounts for this time- 
hardening can be destroyed by heating above the softening 
point but begins to return immediately upon cooling. Me­
chanical working is also capable of eliminating the hardening 
influence of time to some extent.

The application of the falling coaxial cylinder viscometer 
to the study of plastic materials is limited in about the same 
way as the alternating stress method, in that the material 
cannot be sheared continuously for any appreciable length 
of time. Also, the rates of shear cannot be varied over a wide 
range. These criticisms cannot be raised against the rotating 
cylinder type of viscometer (7 ,16) since by the use of such an 
instrument it may be possible to break down the structure to 
a greater degree than is possible in either the tube or falling 
cylinder viscometer, thus giving values for the consistencies 
of bituminous plastics in the worked condition. However, 
the practical value of any bituminous plastic may bear very 
little relationship to its consistency in the worked state, 
since the material usually serves its purpose in the unworked 
condition.

P la s t ic ity  o f  F illed  B itu m e n s
Green and Haslam (9) concluded, from a study of the rela­

tionship between yield value and particle size, tha t plasticity 
was influenced by the interfacial area and number of 
points of contact of the dispersed phase per unit cross- 
sectional area. These effects and relationships have been 
found to hold in general for bituminous plastics. Also, the 
amount of elasticity, thixotropy, and dilatancy, as well as 
the plasticity, exhibited by the system will depend on the 
characteristics of the solid and liquid, and the ratio of the 
volumes of the two phases. Some bituminous plastics, which 
contain only a small amount of dispersed phase, may acquire 
the characteristics of a viscous liquid after being subjected 
to prolonged working. In those with appreciable amounts of 
filler the structure cannot be completely eliminated, and thus 
their flow properties are anomalous under all conditions of 
test.

When a viscous bitumen is filled with a mineral powder, 
the consistency increases gradually until a concentration is 
reached, depending on the characteristics of the bitumen and 
the powder, where nonviscous flow begins to appear. The 
degree of “plasticity,” elasticity, and in fact all phenomena 
dependent upon structure within the material becomes more 
conspicuous as the concentration of filler increases. A num­
ber of measurements are given below to illustrate the ap­
pearance of plastic or nonviscous properties with an increase 
in the amount of dispersed phase in a bituminous mixture. 
The compounds employed were prepared using various pro­
portions of an asphalt produced by the vacuum distillation of 
California petroleum and a finely ground pumice. The 
asphalt had a penetration of 55 at 25° C. (17° F.), 100 grams, 
5 seconds, and a Ball and Ring softening point of 47° C. 
(116.5° F.). Measurements made by the Bingham-Stephens 
alternating stress method at 25° C. gave the same viscosity 
values for different shearing stresses, and thus the bitumen 
was assumed to be a viscous liquid. Viscosity data on this 
vacuum-refined asphalt are as follows:

Shearing Viscosity 
a t  25° C.

Shearing Viscosity
Stress Stress a t  25° C.

D ynes/sq. cm. Poises X  10~* D ynes/sq. cm. Poises X 10-*
33,382 3 .1 7 22,057 3 .0 9
33,086 3 .14 18,132 3 .13
28,677 3 .13 15,437 3 .0 9
25,484 3 .03

Mixtures were prepared using 90, 80, and 70 per cent by 
volume of this bitumen combined with 10, 20, and 30 per cent
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by volume, respectively, of pulverized pumice. The consist­
encies of the mixtures were measured a t 25° C. by the method 
used for the bitumen. Table I I  gives the data obtained.

T a b l e  II. V i s c o s i t y  D a t a  o s  B i t u m e n - P u m i c e  M i x t u r e s
90%  B itum en 80%  B itum en 70%  Bitum en
10% Pum ice 20%  Pumice 30%  Pumice

Shearing
A pparent 
viscosity 
a t  25° C.

Shearing
A pparent 
viscosity 
a t  25° C.

Shearing
A pparent
viscosity

stress stress stress a t  25° C.

Sq. cm.
Poises 
X 10 -• D ynes/sq. cm.

Poises
. x  1 0 -« D ynes/sq.

Poises 
cm. X 10 -»

52,305 4 .77 66,490 10.11 64,270 29.62
51,791 4 .75 66,490 9 .16 64,147 24.72
46,358 4 .79 59,480 8 .77 63,993 22.80
41,441 4 .69 52,784 8 .66 55,763 22 .08
36,585 4 .7 2 46,088 8 .36 47,193 21.15
31,564 4 .80 39,967 8 .6 5 42,076 20.13
26,214 4 .86 33,794 8 .40 34,278 19.40

The data indicate that the mortar containing 10 per cent 
by volume of pumice was essentially a viscous liquid. How­
ever, when 20 per cent of this particular filler was present, 
a small amount of structure appeared and had to be worked 
out of the sample before even approximately constant values 
for viscosities a t different shearing stresses were obtained; 
thus, these values illustrate the type of data obtained on 
materials which are thixotropic. When the concentration of 
pumice was increased to 30 per cent by volume, the deviations 
from viscous flow became very definite and even prolonged 
working in the viscometer did not completely eliminate the 
effects due to structure in the mass. From these facts it is 
evident that appreciable amounts of dispersed material must 
be added to viscous bitumens in order to create sufficient 
structure within the system to give even mild plastic proper­
ties.

P a v in g  M ixtures
Using the definitions given a t the beginning of this paper, 

all asphalt paving mixtures may be considered as plastics. 
According to Horsfield (10), the resistance of an asphaltic 
paving mixture to deformation depends on the interlocking 
and friction developed between the particles of mineral 
aggregate and to the viscous resistance of the bitumen. Thus, 
a close-packed aggregate is necessary in order to obtain a 
high frictional resistance. “The asphalt mixture a t first has 
no internal frictional resistance and is a liquid, but by the 
end of the test its structure has so altered in the stressed 
zone that the bulk of the resistance is frictional and the re­
mainder viscous. In other words, it has become a plastic 
solid and this change has been effected solely by stressing 
the mixture.” Horsfield thus describes what is probably a 
manifestation of the phenomenon of dilatancy.

Of the numerous methods devised for estimating the 
stability of asphalt paving mixtures, one of the most widely 
used is that described by Hubbard and Field (11). In this 
test a cylindrical briquet 2 inches (5 cm.) in diameter and 
1 inch (2.5 cm.) thick is formed from the paving mixture in a 
standard type of mold under a specified pressure. If hot, the 
briquet is allowed to cool and age for a short time; then after 
wanning to 60° C. (approximately the maximum temperature 
of a pavement under a summer sun), it is placed in a testing 
mold. The test consists in measuring the maximum load 
required to force the mixture through a circular orifice 
1.75 inches (4.4 cm.) in diameter. This load is recorded as 
the stability value of the mixture.

The Hubbard-Field test measures the initial resistance to 
shear and not the mobility of the paving mixture. This 
initial resistance to deformation depends to a great extent 
upon the closeness of packing of the mineral aggregate; thus, 
the degree to which the sample is compressed before the test 
is made becomes important.

Milbum (15), Emmons and Anderton (S), Wilson (2),

Chatillon (5), and Skidmore (1) have devised methods and 
apparatus for estimating the stability, plasticity, and resist­
ance to shear of bituminous paving materials. Reference 
should be made to the original descriptions for details con­
cerning the construction of the various instruments and the 
preparation and testing of the samples. Of these methods, 
that of Skidmore which measures the resistance to shear of the 
mixture is the most widely used.

R oofing  A sp h a lts

Roofing asphalts, which are usually prepared with air-blown 
bitumen, are another important class of bituminous plastics. 
Resistance to disintegration by exposure to sun, air, and 
water, elasticity a t low temperatures, and absence of def­
ormation at summer temperatures are the prime requisites 
of a plastic to be used in the production of roofing materials. 
Fiber-filled plastic cements are used extensively in repairing 
bituminous and metal roofs, and in constructing flashings, 
sealing laps, and closing or filling the valleys around vents 
and other objects. Certain types may also be used under 
heavy roofing tiles.

An apparatus based on the principle of the falling ball and 
falling cylinder viscometers and used for measuring the 
“worked” consistencies of roofing putties and fibrous roof 
coatings prior to the evaporation of the solvent has been 
developed by Clarvoe (6). Either a ball or a cylinder attached 
to a rod is permitted to sink through the plastic mass under 
constant load, and the rate of fall is taken as a measure of the 
consistency. The cylinder is used with heavy putties and the 
ball with materials which are so thin that they are usually 
applied with a brush.

F loorin g  M ateria ls

Highly filled asphalts are moldable into tiles, slabs, or 
planks which may be laid as a floor covering over some strong 
but less flexible or elastic foundation. In mastic floors the 
bituminous plastic is placed over the foundation in a continu­
ous sheet. The resiliency of such floors makes them desirable 
where workers are on their feet all day.

MeBumey (13) has developed and described a portable 
instrument for measuring the ease of indentation of asphaltic 
tile and other materials by means of a metal sphere. His 
method of test should be given careful consideration because 
it can be applied to plastic materials in situ, whereas most 
other methods treat them in the form of a small sample and 
usually in a worked condition. The evaluation of most bi­
tuminous materials (e. g., paving mixtures) after they have 
been put into position would be valuable since there is always 
present the danger of drawing false conclusions concerning 
the behavior of a material under actual conditions of use from 
tests made in the laboratory under entirely different condi­
tions and environment. MeBumey has developed an em­
pirical formula which relates the depth of indentation to the 
load and diameter of sphere, and to the time during which 
the loaded sphere acts upon the material.
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Preparation and Storage o f Standard 
Chromous Sulfate Solutions

H O SM E R  TV. ST O N E  AND CA RRO L R E E SO N , U n iv e r s ity  o f  C a lifo rn ia  a t  L os A n g e le s , C alif.

THE preparation and storage of standard chromous re­
ducing solutions are of special importance, for this 
reagent is the most powerful of any of the well-known re­

ducing agents which can be used as an aqueous solution. 
The change from Cr++ to Cr+++ has a molal oxidation- 
reduction potential of —0.41 volt (¡5). Its reaction with the 
oxygen of the air is extremely rapid. Hence, like titanous 
solutions, the chromous reagent must be protected from the 
atmosphere at all times. The lack of an entirely satisfactory 
method of preparation and the difficulty involved in excluding 
the air from the reagent have greatly curtailed its use. The 
present work describes both a simple efficient method of

poessuse gaucc-. 
ceot/ctw VAC, VE

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

preparing the chromous sulfate reagent and an improved 
method of protecting it from the atmosphere.

Thornton and Sadusk (.9) report preparation of the chro­
mous reagent—by a reduction of an acid solution of potassium 
dichromate with zinc amalgam in a Jones reductor. A 0.067 N  
solution of chromous sulfate was obtained by them which was 
not over 0.18 N  in sulfuric acid, representing a 67 per cent 
yield. The rate of reduction was 40 ml. of solution per minute. 
Carbon dioxide was used to exclude the air during the prepa­
ration. Apparently, the reagent was stored under hydrogen 
from a Kipp generator (10).

When this method was used by the authors, the concentra­
tions of the resulting chromous solutions varied so greatly that 
it was necessary to start with two or three times the theoretical 
requirement of dichromate to insure a given concentration of 
the reagent. During certain experiments, the rate of flow of 
the solution through the Jones reductor was reduced to a 
few milliliters per minute by the buoyant effect of the hydrogen 
resulting from the action of the acid on the zinc. This effect 
was dependent on the concentration of the acid and the extent 
to which the zinc had been amalgamated. A more complete 
amalgamation of the zinc eliminated the hydrogen but re­
duced the yield. A considerable concentration of acid was 
required to enable the zinc to reduce the potassium dichromate 
satisfactorily. Because of the reaction of the acid with the 
zinc, there was always an uncertainty as to the acidity of 
the resulting solution. Solutions of low acidity could not be 
prepared by this method. The quantity of nonessential ions 
introduced into the solutions was large.

The use of violet chrome alum solutions, in 
place of the strongly acid potassium dichromate 
solutions in the preparation of the chromous 
reagent, has been found to eliminate the acid 
difficulties and to reduce the unavoidable ions 
in the final solutions by a t least 40 per cent. 
In addition to this, yields of from 90 to 100 per 
cent of the chromium in the chromous form 
were obtained a t from two to five times the rate 
of reduction used by Thornton and Sadusk (9).

A  list of references on the subject of the 
preparation and use of chromous solutions in 
analysis is given by Brennecke (2).

In flu en ce  o f  C om plex C h rom ic S a lts
The fact that chromic salts exist in solution 

in both violet and green modifications is of im-
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portance in this work. At room temperatures these forms 
are a t equilibrium and when the equilibrium is disturbed it 
is adjusted rather slowly. The authors found that the violet 
solutions were more rapidly reduced than the green ones. 
Three factors which were observed to favor the rapid reduc­
tion are also known to promote the formation of the violet 
complex in the solution. A chrome alum solution that has 
been freshly prepared, that is made up in dilute sulfuric acid 
solution, and tha t is held at room temperature or below, is 
violet in color and rapidly reduced by the zinc amalgam in a 
Jones reductor. If the solution is allowed to stand, if acid is 
not added, or if the solution is heated, there is a shift to the 
green color and the rate of reduction is less. The effect of 
the acid on the color has been shown by Orlova and Petin
(8). The fact that higher temperatures and aging of the 
solution tend to favor the green form is proved by the work 
of Montemartini and Vernazza (7).

The violet color in chrome alum solutions is thought to 
be due to complex groups in which six water molecules are 
coordinated with chromium as in [Cr(H20)6]+++, while 
the change to the green color involves the replacement of two 
or more of the water molecules in the complex with sulfate 
ion. [Cr(H20 )4S0 i]+ represents one of several possible 
complex ions of the green type. This situation is compli­
cated by the fact that these groups are hydrolyzed in the 
solution and by the fact that they exist as condensed ag­
gregates. Graham (4) gives a comprehensive bibliography 
of this subject.

E xp erim en ta l W ork
The amalgamated zinc was prepared by stirring 240 grams of 

20-mesh c. p. zinc in 100 ml. of 3 N  hydrochloric acid for 30 
seconds. Then 100 ml. of 0.013 M  mercuric chloride solution 
(5 ml. of a saturated solution at 25° C. diluted to 100 ml.) were 
added to the zinc acid mixture. Soon after the addition of the 
mercuric chloride the evolution of hydrogen practically ceased. 
The stirring was continued for 3 minutes longer, after which the 
amalgamated zinc was washed thoroughly with distilled water by 
decantation.

The reductor shown in Figure 1 was then filled with the amal­
gamated zinc. In this device, the customary Jones reductor was 
modified so that air pressure was used in place of hydrostatic 
pressure to force the solution through the reductor. Moreover, 
the usual direction of flow through the reductor was reversed, 
causing the liquid to flow up through the amalgamated zinc. 
The use of air pressure permitted the investigation of much higher 
rates of flow'. The reversal of the direction of flow took advan­
tage of the buoyancy of any hydrogen liberated in the reductor. 
The hydrogen aided the flow of the liquid instead of hindering it, 
as is the case in the usual form of reductor.

The drawing (Figure 1) of the arrangement used in preparing 
the chromous reagent, and in protecting it from the air during 
the determination of its concentration, requires little explanation. 
Before starting the preparation of the chromous reagent, the 
air was flushed from the system by a stream of carbon dioxide 
from the cylinder. The gases escaped through the outlet above 
the buret. While the stream of gas was maintained, the stopcock 
above the reductor was opened and the chrome alum solution 
was forced through the amalgamated zinc. When sufficient 
chromous reagent had been prepared, the line from the reductor 
was cut off, and the chromous solution w7as thoroughly agitated 
by a stream of carbon dioxide bubbles. After about 15 minutes 
of such agitation the outlet above the buret was closed and the 
reagent was ready for titration.

The air was effectively excluded from the stored reagent 
by means of a small pressure of carbon dioxide. The use of 
the pressure reducing valve and gage made it possible to re­
duce the high pressure from the liquid carbon dioxide to the 
fairly constant low pressure required to exclude the oxygen 
of the air from the reagent. This low pressure was compa­
rable to that obtained from a Kipp generator. The pressure 
could be maintained without the escape of gas and without the 
building up of pressure in the system. This method was far 
more satisfactory than the use of a Kipp generator, such as 
has been recommended by Zintl and Rienacker (11) and

Thornton and Wood (10). Moreover, the valve and gage, 
which cost about 87, were no more expensive than the Kipp 
generator which they displaced. The cylinder of carbon 
dioxide involves no extra expense, since in using such a re­
ducing agent a cylinder of inert gas is usually required for 
flushing out the titration beaker. The usual arrangements 
for anaerobic work have been modified to meet the require­
ments of repeated preparation and testing of the concentra­
tion of the reagent. Readers desiring details of methods for 
the storage and use of such reagents are referred to the authors 
mentioned above (10, 11), and particularly to Crowell and 
Baumbach (3). I t  would seem that wherever standard 
solutions are to be protected from the oxygon of the air by 
the pressure of an inert gas, the use of the pressure reducing 
valve and cylinder of gas would be desirable.

Although liquid carbon dioxide is usually free from oxygen 
or other impurities which might oxidize the chromous ion, 
the precaution was taken of purifying the gas used. As 
shown in Figure 1, the carbon dioxide entered the wash solu­
tion through a Jena sintered-glass distribution tube. This 
insured a thorough mixing of the gas with the chromous sul­
fate-sulfuric acid solution which is capable of absorbing 
oxygen very rapidly. The amalgamated zinc, in the bottom 
of the bottle, served to regenerate any chromous ion which 
may have been oxidized.

Because it has been reported that hydrogen may be liberated 
from acid solutions by the chromous ions, the authors con­
sidered this possibility carefully and found no evidence of 
such a reaction under the experimental conditions of this 
work. There can be no doubt as to the stability of chromous 
sulfate-sulfuric acid solutions with respect to this reaction, 
in view of the fact that Thornton and Sadusk (9) and Crowell 
and Baumbach (3) reported no appreciable change in the titer 
of such solutions over a period of a month. Asmanoff (1) 
found that chromous sulfate did not liberate hydrogen even 
from 10 N  sulfuric acid, but that it did react slowly with 4 N  
hydrochloric acid, and that ammonium salts and platinum 
catalyzed the liberation of hydrogen from sulfuric acid by 
chromous sulfate. That no change of titer was observed in 
this work with the solutions containing hydrochloric acid 
may be explained by the fact that the concentration of the 
hydrochloric acid never exceeded 0.1 Ar and that the period 
of storage was never more than a few hours a t the most.

The titer of the chromous reagent was determined by 
siphoning the solution, under carbon dioxide pressure, into 
the buret from which it was delivered below the surface of 
an excess of standard potassium triiodide solution. After 
dilution and acidification, the excess of triiodide was deter­
mined by titration with sodium thiosulfate solution. Each 
yield in the tables represents an average of two or more closely 
agreeing duplicate determinations on each sample prepared. 
Any possible effect of oxygen dissolved in the potassium 
triiodide solution was neglected. The percentage yield was 
based on the assumption that the c. p. chrome alum was indeed 
pure.

The authors did not attem pt to determine why 100 per 
cent yields of the chromous reagent were not regularly ob­
tained when the recommended conditions for the preparation 
were used. Since Lundell and Knowles (6') have already 
shown that chromium solutions can be quantitatively re­
duced by zinc amalgam in a Jones reductor, it seems suffi­
cient to state that the values reported are strictly comparable 
with each other.

E xp erim en ta l R esu lts
The experiments of Table I indicate that with an efficient 

zinc amalgam one may force the solution through the reductor 
a t any convenient rate and obtain satisfactory yields of the 
chromous reagent. The high rate of 200 ml. per minute,
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used in experiment 39S, is about as rapid as it is practicable 
to force a liquid through such an apparatus. The apparent 
decrease in yields with the increase in rate, brought out by 
comparing experiments 21B through 25B, has not been ob­
served in other cases. I t  might be explained by a decrease in 
the efficiency of the amalgam, a point discussed later.

T a b i .e  L R e l a t io n  b e t w e e n  R a t e  o f  F l o w  t h r o u g h  R e d u c -
t o r  a n d  Y i e l d  o f  C r ++

(C oncentra tion of violet C r + + +, 0.1 M )
Arc of R ate  of Y ield

E x p t. Cr + + + R educ­ of
No. Acid Solution tion Cr + +

II  our 8 M l./m in . %
21B 0.01  N  HC1 0 .5 40 100
22B 0 .01  AT HC1 0 .5 40 99
24B 0.01  AT HC1 0 .5 150 93
25B 0.01A T H Ç I 0 .5 150 91

37S 0 .1  Ar HjSO* 2 50 97
40S 0 .1  Ar H,SO< 19 120 96
38S 0 .1  N  HjSOi 2 .2 5 135 98
39S 0 .1  AT H 2SO< 0 .5 200 97

T a b l e  II. E f f e c t  o f  V a r ia t io n s i n  A c id AND C r + + + CO N-
c e n t r a t i o n s  o n  Y i e l d  o f  C r + +

Concn. of Age of R ate  of Yield
E xpt. Violet C r+ + + R educ­ of

No. Acid C r + + + Solution tion C r*  +
M Hours M l./m in . %

13S N one 0 .01 0 .5 50 90
41S None 0.01 0 .5 140 92
39S 0 .1  AT H 2SO 1 0 .1 0 .5 200 97
22B 0.01  AT HCl 0 .1 0 .5 80 99
28S 0 .1  AT H?SO« 0 .4 0 .7 5 17 96

T a b l e  I I I . E f f e c t  o f  A g e  o f  S o l u t io n , w i t h  a n d  w i t h o u t
A c id , o n  Y i e l d  o f  C r -1" 1"

Concn. of Age of R ate  of Yield
E *p t. Violet Cr + + + R educ­ of
No. Acid C r + + + Solution tion C r + +

M Hours M l./m in . %
28S 0 .1  A' H S O i 0 .4 0 .7 5 17 96
29S 0 .1  Ar HjSO, 0 .4 27 17 93
3SS 0 .1  AT H sSO< 0.1 2.25 135 98
40S 0 .1  AT H-SOt 0 .1 19 120 96
41S None 0 .01 0 .5 140 92
43S N one 0 .01 4 100 84
44S None 0 .01 4 .5 150 72

Table II  offers evidence that the yield is less where no acid 
has been added to the chrome alum solution, that satisfactory 
yields can be obtained with either sulfuric or hydrochloric 
acid, that a change in concentration of the acid from 0.01 N  
to 0.1 N  does not change the yield materially, and that 
variations in the Cr+++ concentration of the chrome alum 
solution up to 0.4 M  Cr++'H do not alter the yield greatly. 
Though the yield with hydrochloric acid is as good as with 
sulfuric acid, the hydrochloric acid solutions are known to 
be less stable.

Experiments 41S, 43S, and 44S show tha t the longer a 
chrome alum solution stands, the lower the yield of chromous 
ion obtained upon redaction. When acid was added to the 
chrome alum solutions, this reduction in yield with age was

much less. The explanation lies in the fact that the violet 
chromium complex gradually changed to the more slowly 
reduced green complex. The shift from the violet to the green 
form was retarded by the presence of acid, hence the age 
of the solution was only a small factor where acid had been 
added.

A solution made from green chromic sulfate crystals was 
89 per cent reduced at a rate of 20 ml. per minute and only 
4 4  per cent reduced a t a rate of 120 ml. per minute. Similar 
reductions in yield, in cases where the chrome alum solution 
had been changed to green by heating, have shown that the 
rate of reduction is a factor to be considered where the green 
form is being reduced.

Certain preparations of zinc amalgam, which a t first were 
entirely satisfactory, suffered a loss of efficiency that could 
not be explained. An example of such an amalgam is found 
in one preparation which, after having previously been satis­
factory, so decreased in efficiency that a chromous yield of 
only 6 4  per cent was obtained. By replacing this amalgam 
with a fresh preparation and keeping all other factors constant, 
the yield was returned to nearly 100 per cent. This difficult}' 
of low efficiency on the part of the zinc amalgam was met 
only where the amalgamated zinc had been used and stored 
under water for a period of not less than several days.

C on clu sion s
Certain difficulties arising in the use of the Thornton and 

Sadusk method of preparing standard chromous sulfate solu­
tions have been pointed out. A method of eliminating these 
difficulties by the use of violet chrome alum solutions in 
place of potassium dichromate solutions has been given. A 
study of the factors involved in the preparation has shown that 
those things which tend to change the violet complex in the 
alum solution to the green complex, also tend to reduce the 
yield of the desired reagent. An improved method of pro­
tecting the reagent from the oxygen of the air has been de­
scribed.
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Accelerated Method for D eterm ining Wear 
Caused by Abrasion

F O S T E R  D E E  SN E L L  AND K U R T  W . H A E SE L E R , F o ste r  D . S n e ll, In c .,  303 W a sh in g to n  S t . ,  B ro o k ly n , N . Y .

De t e r m i n a t i o n  of the
effect of wear on a given 

surface over a period of time is 
a problem s i m i l a r  in m a n y  
ways to estimating the effect of 
aging or of w e a t h e r i n g  on a 
product. Choice must be made 
between observing the material 
actually in use over an extended 
period of time or of devising a 
method whereby the action can 
be accelerated so as to obtain 
substantially the same effect in a 
shorter period of time. An ac­
celerated method is preferable 
and in many cases e s s e n t i a l .  
The u s u a l  u n c e r t a i n t y  then 
arises as to how well the artificial 
conditions imposed correspond 
to the actual conditions of use.

In starting accelerated wear­
ing tests on flooring materials 
several years ago, the appara­
tus that had already been pro­
posed  fo r  s u c h  a p u r p o s e  
seemed to have a number of

E q u ip m en t w as d esign ed  to  m ea su re  th e  
com p arative  ra te  o f  w ear o f  travertin e  and  
a n  artific ia l travertine flooring . A s ilico n  
carb ide b lock  fa sten ed  to  a recip rocatin g  
arm  w as load ed  to  a w e ig h t o f  3000 gram s  
an d  operated  a t 30 cycles per m in u te . O b­
servation  sh ow s th a t  a fter  th e  su rface  sk in  
is  rem oved  from  th e  s to n e  a stea d y  ra te  o f  
w ear is  o b ta in ed  w ith  th e  p artic les  o f  fine  
d u s t  from  th e  s to n e  as th e  a c tu a l w earing  
a g en t. T h e  s ilico n  carbide b lock  does n o t  
c o n ta c t  th e  s to n e . B y rep la cem en t o f  th e  
b lock  w ith  a b lackboard  eraser lib era lly  
su p p lied  w ith  ch a lk  th e  e q u ip m e n t w as  
u sed  for m ea su rem en t o f  th e  ra te  o f  wear o f  
a g la ss  b lackboard . A m in ia tu r e  m a ch in e  
op era tin g  o n  th e  sa m e p r in c ip le  w as de­
sign ed  an d  u sed  for com p arison  o f  effic ien cy  
o f  to o th  p a stes  in  rem oval o f  m u c in  
p la q u es. T h e  e q u ip m e n t appears to  b e o f  
ra th er  general a p p licab ility .

disadvantages. In an effort to
make the determination correspond more closely to conditions 
of normal use, a different type of apparatus was set up and 
the problem approached from a different viewpoint. The 
apparatus so developed was found later to apply to the study 
of abrasion on other types of surfaces also. With simple 
modifications it  is believed applicable to shoe leather, the 
enamel of compacts, linoleum finishes, and other articles 
receiving frictional wear. The illustrations given are of three 
typical applications. Similar equipment is known to be in 
use in industry but no details of design have been published 
so far as the authors know. I t  is therefore given as a 
method which may be found applicable to diverse problems 
and which is believed to have advantages over the methods 
already in print.

Of the various methods for determining hardness, only a few 
measure the type of abrasive action occurring on floors. The 
Dorry apparatus (6) for testing road materials measures the 
hardness of a cylindrical sample by abrading it against a steel 
disk with crushed quartz under a weight of 1250 grams. The 
duration of the test is for 1000 revolutions of the disk and the 
results are expressed in terms of hardness where hardness equals 
20 minus one-third the loss in weight of the sample in grams. 
This apparatus has been modified (7) for application with speci­
mens cut from flooring.

Another apparatus, rather similar in principle, but designed 
particularly for application to flooring, was developed by Kessler 
(5). In this method, three specimens of the material are abraded 
against a disk which revolves at 45 r. p. m. A weight of 2000 
grams is applied on each specimen and No. 60 artificial alumi­
num oxide is fed constantly onto the disk as the abrasive. The 
disk is rotated for 5 minutes and the specimens are weighed in 
terms of hardness where hardness equals the reciprocal of the loss 
in volume times a factor. Correlation with service measurements 
was only fair, but is believed adequate to permit prediction of 
service wear.

Still another method designed especially to test flooring is 
that used by the Dow Chemical Company (1) on niagnesia ce­
ment composition flooring. In this case the essential feature of

the apparatus is a horizontal blade 
mounted on a vertical shaft so that 
the blade revolves just above the 
sample, pushing six steel cubes 
around and around over its sur­
face. At the same time silica 
stucco sand is fed onto the sur­
face of the sample. The abrasive 
is changed three times during the 
wearing operation, which is ordi­
narily for 6000 revolutions of the 
blade. The results are expressed 
in terms of the depth of wear 
obtained as measured by a mi­
crometer mounted in a movable 
block on a bridge.

Other a p p a r a t u s  has more 
general application but is based on 
the same principle of exer t ing  
abrasion by revolving the abrad­
ing element against the sample. 
One design (3) consists of an up­
right leather wheel which rolls 
with constant slippage on a path 
of test samples mounted on a 
horizontal revolving disk. Sand 
is fed as the abrasive. Another
(9) measures wear of l ea the r ,  
tires, etc., against a rotating abrad­
ing member in terms of loss of ma­
terial per unit of abrading powder. 
Another (2), which has been made 
the subject of a patent, rotates 
blocks of the materials to be com­

pared under predetermined pressure around a raceway constructed 
of the desired abrading agent.

There seemed to be two disadvantages common to all 
these methods. With respect to flooring particularly, ob­
servation shows that the wear that occurs very seldom results 
from rotary motion of an abrading surface. The tread of 
feet on a floor or stairway in general produces reciprocating 
motion. With respect to any surface, the abrasive action 
occurring naturally will only in rare cases be as harsh as that 
imposed in these accelerated tests. There may be other 
fundamental differences between the abrasives as well. Un­
doubtedly the wear on flooring varies as to the nature of 
the materials causing it. In the extreme case it  is partially 
due to sharp particles. In the normal case examination 
shows that it is caused by particles of the material itself or of 
very fine dirt, which, in most cases, are neither sharp nor 
hard. In setting up a different type of abrasive measurement 
apparatus, therefore, two specifications were established: 
(1) that the motion of the abrading element should be in a 
straight line rather than circular; and (2) tha t the abrasive 
action used should correspond as closely as possible to that 
which would cause the normal wear when the material being 
studied was in use and therefore consist of only fine, relatively 
nonabrasive particles such as those derived from the material 
under test. For general applicability it must be possible to 
vary the abrasive used.

The use of fine particles of the material under test as the 
abrasive, in place of other miscellaneous dirt, is believed to 
introduce no serious variable so long as the material under 
test is of a fine-grained structure. I t  does not seem to be an 
unreasonable extension of Kessler’s work (5) to assume that, 
if the use of coarse abrasive correlates with service results, 
the correlation with service will be as good or better when fine 
abrasive is used. Further there is nothing inherent in the
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F i g u r e  1. A p p a r a t u s  U s e d  o n  F l o o r in g

equipment which prevents the use of sharp particles such as 
silica sand if extreme conditions are to be measured. The 
equipment is, however, primarily for measurement of normal 
rather than for abnormal wear.

Naturally, when the second specification is adopted, the 
duration of the test period must be considerably greater 
than Kessler’s 5-minute period, in order to obtain an ap­
preciable effect. However, the action is still an accelerated 
one, since the motion can be made continuous as contrasted 
with actual use, where the impact of an abrading element, 
such as a footstep on flooring, occurs only intermittently and 
a t irregular intervals.

T e sts  on  F loor in g

The apparatus as originally set up for tests on flooring and 
shown in Figure 1 was as follows:

A 0.75-horsepowcr motor operating through a speed reducer 
was set up to produce reciprocating motion of an arm, operating 
at 30 cycles per minute. The arm carried the abrading element 
with an additional weight imposed so that the total weight of the 
abrading element was 3000 grams. The abrading element itself 
consisted of a block of appropriate material, the surface of which 
measured 15 cm. (6 inches) long and 2.5 cm. (1 inch) wide. This 
moved lengthwise over the face of the specimen being tested. 
The machine gave a stroke of 30 cm. (12 inches), so that abrasion 
occurred over a strip about 45 cm. (IS inches) long with the 
center of this strip receiving the greatest amount of wear. If 
desired this strip might be composed of two materials of not 
vastly dissimilar hardness in order to compare their rate of wear 
at the same time, such as of black and of white marble to be laid in 
alternating blocks.

The selection of the weight is a compromise. The weight 
to be used must not be so great as to cause active contact of 
the abrading element with the flooring. Rather it should be 
cushioned by the fine dust resulting from the wear, or by abra­
sive supplied. Observation shows that the movement of a 
shoe over the flooring, which is believed to be the time of 
greatest wear, is before the major portion of the weight is 
applied and as the foot is being lifted. For those reasons a 
weight slightly over 1 pound per square inch was used instead 
of the estimated 10 pounds per square inch present when the 
weight is all on one foot. Naturally, many variables, such 
as rubber and leather heels, women’s small heels, etc., must be 
blended into the composite. Except in the case of actual 
slippage, the foot does not move after the full weight is ap­
plied and the heel touches the floor.

I t  should also be noted that the abrading member passes 
over the floor being tested a t the rate of 60 times per minute, 
so tha t even with the lesser weight the rate of wear would be 
expected to be considerable. In view of these considera­
tions conservatism dictates a tendency towards low rather

than high pressure as well as to­
wards mild rather than harsh abra­
sive for the study of normal wear.

The specimen to be tested was 
marked off into 5-cm. (2-inch) sec­
tions along the 4o-cm. (18-inch) 
strip. The depth of wear after 
given periods of operation of the 
abrading arm was measured in 
each section of the worn strip by 
a stud m i c r o m e t e r  s u i t a b l y  
mounted in a frame constructed 
for the purpose. The micrometer 
was sufficiently delicate so that 
measurements were reproducible 
to 0.0025 cm. (0.001 inch). Any 
material, such as flooring, on 
which measurements of abrasive 

resistance are to be made, generally has different charac­
teristics a t the surface than in the body of the stone. Usually 
the surface is harder, and there are also minor surface irregu­
larities. The same would be the case with nearly any flat 
solid. Therefore, a firmly bonded silicon carbide block was 
used as the abrading element. This caused the initial cut in 
the surface to be obtained quickly, as desired. The space be­
tween the abrasive crystals in the block soon become filled with 
powder derived from the specimen and thereafter the abra­
sive action is similar to that obtained in actual wear. Ex­
amination show's that the abrading member is not in contact 
with the flooring after this initial period, but is riding on a 
layer of dust particles derived from the flooring which are 
in turn the actual abrading agent, just as in stepping on the 
floor the abrading agent is the fine dirt, not the shoe.

The rate of wear at the very beginning of the test is not 
representative and would not be, even if the abrading element 
were already filled with debris from the specimen. The rate 
of wear in the remainder of the test is substantially constant 
and the abrasive action then occurring may be reasonably 
assumed to have a constant ratio to the rate of natural wear. 
After some time the silicon carbide block becomes impeded 
by excessive accumulated particles on the surface of the 
specimen, so that it is desirable to brush off this accumulation 
a t regular intervals depending on the nature of the surface. 
The block itself should not be brushed and thus actual abra­
sion by the block is avoided. To accelerate the test further 
and thus measure drastic wearing conditions, the normal 
detritus from the floor could be replaced by a layer of abrasive 
such as emery, replaced a t suitable intervals as in the Dow 
apparatus (1).

The apparatus may be operated for as long a period as 
seems desirable for the particular material under study. 
The study for which the machine was originally designed 
was a comparison between the wearing qualities of travertine 
marble and an artificial travertine made of a magnesium oxy- 
chloride cement composition. For this purpose the maxi­
mum period of operation was a total of 60 hours and the 
minimum 18 hours, depending on how quickly an appreciable 
wearing effect was obtained. In  all cases the machine was 
stopped and the surface brushed off a t 6-hour intervals, meas­
urements of the depth of wear being made a t those times.

Results were expressed in terms of depth of wear per 
hour as calculated from the micrometer measurements a t 6- 
hour intervals. If preferable, of course, the loss in weight 
or in volume in a given period could be determined instead. 
Using the micrometer readings on the center sections of the 
specimen where the wear was deepest, and eliminating the 
first readings obtained before the rate of wear became con­
stant, representative values for the two types of flooring mate­
rial were as follows:
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T rav ertin e  0.1067 ram. (0.0042 inch) wear per hour
A rtificial trav e rtin e  com pared 0.0254 mm. (0.0010 inch) wear per hour

Accumulation of extensive data showing the rate of wear at 
various points on the stone was found unnecessary after 
adequate data for interpretation had been assembled. Cor­
relation between different determinations was very satis­
factory, considering the type of determination. The results 
quoted have, of course, no general applicability but refer 
only to relative values on the types of material compared.

These results, obtained several years ago, have been con­
firmed qualitatively by observations on floors in use. No 
method of exact measure of rate of wear has been applicable 
to floors under our observation.

Kessler (5) points out the variable effect of humidity on the 
abrasive action in his apparatus and specifies tha t compara­
tive tests should be run a t the same relative humidity. No 
attem pt was made to control the humidity in this study, 
and minor irregularities in the results may have been due 
to this cause. Since the authors’ machine ŵ as operated for a 
period of 18 to 60 hours in comparison with Kessler’s test 
period of 5 minutes, variation in humidity was not as im­
portant and the average rate of wear over the entire test 
period was consistent. As another comparison this equip­
ment performed 30,000 to 100,000 complete cycles as com­
pared with 225 to 6000 for the other types of equipment re­
ferred to.

The effect in wet wear would be expected to be less than 
when dry, because the water film would interfere with the 
contact between the finely divided particles and the stone. 
This was substantiated. For determinations of wet wear a 
separatory funnel was arranged to drip water continuously 
on the surface of the specimen, so that it was kept wet 
throughout the test period. The results under these condi­
tions showed tha t after the rate of wear became constant it 
amounted to less than 0.00254 mm. (0.0001 inch) per hour 
for both travertine and the artificial travertine.

G lass B lack b oard  T ests

While this apparatus was originally developed for use on 
flooring materials, it  was found to have more general appli­
cability. As an example, the apparatus has been used to 
study the behavior on wearing of a composition glass black­
board. In that case, it was possible to exert abrasive action 
corresponding very closely to that occurring in use. In 
place of the silicon carbide block, an ordinary 6.25 X 15 cm. 
(2.5 X 6 inch) blackboard eraser was mounted a t the end of 
the arm. The eraser was filled with chalk beforehand and 
chalk powder was spread on the surface of the piece of 
blackboard being tested. The eraser was loaded with a 
weight of 2 kg. and a pad of cloth placed under the sample

F i g u r e  2 . M i n ia t u r e  A p p a r a t u s

to take up any irregularities in pressure. The excess chalk 
on the surface of the sample was removed and a fresh supply 
added every 6 hours throughout the test. No quantitative 
measurement of the results was made in these tests, as the 
primary interest was in the appearance and writing surface 
of the boards after an extended period of use. Instead, the 
macroscopic and microscopic appearance of the blackboard 
surface, with and without chalk, were recorded photographi­
cally as previously published (8). Micrometer measurements 
might be made in the same way as on the flooring if desired. 
On the basis of an estimate of the average amount of erasing 
a blackboard receives in schoolroom use, it was calculated 
that an hour’s operation of the machine corresponded to 
approximately 2 years of actual service.

A brasive E ffic iency  o f  T o o th  P a ste s

Still another application of the apparatus, and one cer­
tainly far removed from tests on flooring, was its use to 
compare the relative abrasive efficiency of tooth pastes. 
In this instance, the interest was in comparison of different 
abrasives against a standard surface, rather than compari­
son of the resistance of different surfaces to a standard abra­
sive. A much smaller machine was built for this purpose, 
following the same principles as those already described for 
the larger machine. The miniature apparatus is illustrated in 
Figure 2.

A 0.25-horsepower motor, a, is attached to the gear-reducing 
unit, b. Through the eccentric, c, and connecting rod, d, the ab­
rading element is given a reciprocating motion of about 100 
strokes per minute. The steel plunger, d', fits snugly into 
the metal shoe, e, the bottom of which is surfaced with a plate 
glass. The plunger is guided by a brass tube, /. A glass plate, g, 
carrying the surface to be abraded, h, is held in place by two iron 
clamps. The combined weight of the plunger and metal shoe 
gives a load of 160 grams.

Abrasives are present in tooth pastes in order to remove 
the film of mucin which builds up on the teeth. They must 
be sufficiently abrasive to be effective but not so drastic 
as to injure the teeth. The standard surface against which 
the tooth pastes were compared consisted of a mucin plaque 
prepared as follows. A suitable quantity of mixed human 
saliva was collected and centrifuged to throw down the mucin 
(4). This mucin was then spread upon a thoroughly clean 
flat glass plate as evenly as possible. When nearly dry, it was 
subjected to the vapors of formaldehyde for several hours in 
order to form a hard, tough film, corresponding closely to the 
mucin films formed on the teeth. The plaques so produced 
were about 10 cm. (4 inches) square, and each was marked 
into four equal sections.

In order to simulate conditions of use exactly, the abrading 
element would have to be a brush, corresponding to a tooth­
brush. However, use of a brush would introduce the com­
plication of having varying amounts of the different tooth 
pastes run up into the bristles and out of contact with the 
mucin plaque. A glass surface was therefore used as one 
offering no variables.

In carrying out the tests, definite quantities of tooth 
paste were intimately mixed with fresh human saliva and 
the mixture was deposited on one section of the mucin plaque. 
Similar mixtures of other tooth pastes to be compared were 
deposited on the other sections of the plaque. The plaque 
was then set in place in the machine and abrasion applied to 
the extent of 100 strokes of the arm on each of the four sec­
tions. At the end of the operation the plaque was removed, 
rinsed gently, and the four sections compared as to relative 
degree of removal of the film and presence or absence of 
striations. The results obtained showed definite and re­
producible differences between the tooth pastes compared.
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In terms of any one accepted as standard, greater or lesser 
abrasion can be obtained and recorded photographically.

S u m m a ry
The apparatus described presents a method of relative 

comparison of wear on materials. I t  is known to be in use in 
industry but not previously described and has the following 
advantages:

Normally a mild rate of wear is obtained, but this can be 
varied if desired.

No special equipment is required for preparation of the 
specimen.

Adjacent blocks to be laid alternately in the same floor 
can be compared.

The equipment is easily assembled in any laboratory.
The large number of cycles tends to eliminate accidental 

variations.
With suitable modification it is applicable to many types of 

materials.

I t  has the following disadvantages:
The large number of cycles requires a substantial time for 

the operation.
A large specimen is required for the full-size machine.
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An Inorganic Liquid M ixture for T em perature Baths 
in  the R ange 100° to 2 5 0 °  C.

B E R T  E. C H R IS T E N S E N  AND A N N E  E. K IN G  
O regon S ta te  C o llege , C orvallis, Ore.

IT IS common laboratory practice to employ for temperature 
baths in the range 100° to 300° C. sulfuric acid, paraffin 

oils, bath waxes (5, 8), or fusible alloys (8, 6, 7, 9), all of which 
are subject to rather serious limitations. In regard to other 
materials (1, 2, 4) which can be used, the literature is indeed 
meager.

In connection with some work on organic oxidations it was 
necessary to employ a bath having the following specifications: 
(1) temperature range 125° to 250° C., (2) relatively high 
heat capacity, (3) no fuming a t the temperature of operation, 
(4) transparent after long usage, (5) material easy to remove 
from glassware, and (6) offering no fire hazard.

The organic substances which are usually employed in the 
work do not meet the five latter requirements. Of the in­
organic materials, only the fusible alloys and sulfuric acid can 
be used in this range. Metal baths are objectionable on two 
counts: their relatively low heat capacities and high specific 
gravities. Sulfuric acid is rather satisfactory except that, on 
account of fuming, its use is limited to the hood, and some 
danger is entailed in handling it while hot.

Since the usual fusible salts cannot be employed in this 
range, other inorganic substances were investigated. Of 
these, ortho- and metaphosphoric acids appeared to have 
many desirable properties. Metaphosphoric acid forms a clear 
liquid above 150° C. which solidifies on cooling. A series of 
experiments was conducted using 85 per cent orthophosphoric 
acid as a diluent.

E xp erim en ta l

Mixtures containing various amounts of 85 per cent ortho­
phosphoric acid to a given weight of metaphosphoric acid 
were prepared. Before being employed in the bath, each was 
given an initial heat treatment, which consisted of raising 
the temperature slowly to 260° C. and holding until rapid 
evolution of steam had ceased. After this treatment, the 
solutions appeared to possess constant thermal properties.

Test runs were made on various mixtures which had re­
ceived this treatment, to determine which were most suitable 
for use over the given temperature range. The results are 
tabulated in Table I.

T a b l e  I .  T e s t  R u n s

M axim um  T em pera tu re
Before HjO S ta te  a t

Com position by  W eight evolved on Before Room
No. 85%  H jPO i H PO j second heating fum ing T em pera tu re

° C. ° C.
1 1 1 Above 250 340 Solid
2 2 1 Above 250 340 Viscous
3 3 1 A bove 250 340 Less viscous
4 4 1 Above 250 340 M obile
5 6 1 Above 250 340 M obile

For most purposes No. 4 seemed highly satisfactory, in 
tha t it is liquid a t room temperature. No. 2 can be used more 
satisfactorily in the higher temperature ranges up to 340° C. 
but is solid at 20° C. A bath such as No. 3 has been used 
for over a month in this laboratory with no apparent change 
in properties.

These liquids, in addition to satisfying all the aforemen­
tioned requirements, possess a very small temperature 
gradient, as rising temperature causes expansion which re­
sults in the circulation of the liquid.
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Volum etric Determ ination o f Sulfate in Water
The Barium Chromate Method

MARGARET D. FOSTER, U. S. Geological Survey, W ashington, D. C.

THE barium chromate method for the volumetric deter­
mination of sulfate was proposed in 1889 by Andrews 
(1), who stated “The process depends upon the following 

series of reactions: First, to the solution of a sulfate is added 
an excess of a solution of barium chromate in hydrochloric 
acid; second, the solution is neutralized with ammonia or 
calcium carbonate and filtered; third, the filtrate is acidified 
with hydrochloric acid, potassium iodide added, and the free 
iodine titrated with decinormal sodium thiosulfate solution.”

This description implies exact equivalence between the 
chromate determined by titration and the sulfate originally 
present in the sample. Under the conditions of the deter­
mination, however, barium chromate is slightly soluble. 
Several investigators (2, 8) have recommended the use of a 
blank obtained by carrying a definite portion of the reagent 
solution through the procedure used by them, to correct for 
the barium chromate dissolved under the conditions of the 
determination and, therefore, once determined, applicable in 
all subsequent determinations of sulfate by the method. This 
is true if the reagent is free of impurities. Most of the barium 
chromate available on the market, however, contains either 
soluble barium salts or soluble chromates, usually the latter. 
In order to eliminate error from these sources it is necessary to 
determine the thiosulfate requirement of each new reagent 
solution made up, or first to free the barium chromate of im­
purities and then apply a correction for the barium chromate 
dissolved under the conditions of the determination. As the 
use of a blank is necessary in either case, it has been found 
more practical in this laboratory to purify the barium chro­
mate partially before the preparation of the reagent solution 
by a simple process, in order to reduce the quantity of soluble 
chromate or soluble barium salts present, and then to de­
termine the blank on each new reagent solution made up. 
The blank represents in this case barium chromate soluble 
under the conditions of the determination plus soluble chro­
mate in the reagent or minus an amount of soluble chromate 
equivalent to soluble barium salts in the reagent.

P u rifica tio n  an d  P rep ara tion  o f  R ea g en t
Dissolve 25 grams of barium chromate in N  hydrochloric acid, 

make the volume up to approximately 2 liters with distilled 
water, precipitate the barium chromate with ammonium hydrox­
ide, wash three or four times by decantation with distilled water, 
and redissolve in as little N  hydrochloric acid as possible. De­
termine the strength of the solution iodometrically (using 5 ml.) 
and dilute so that 1 liter contains approximately 7.5 grams of 
barium chromate. A dilution of four times is usually necessary 
to obtain a solution of this strength, making the acidity 0.25 N.

D e te r m in a tio n  o f  th e  B lan k

Carry a series of samples containing known amounts of 
sulfate (5, 10, 15, and 20 mg.) through the procedure for the 
determination of sulfate. The difference between the thio­
sulfate titration for the 5-mg. SO< sample and that for the 
10-mg. sample represents the amount of thiosulfate required 
by chromate equivalent to 5 mg. of SO*. This volume, sub­
tracted from the titration obtained on the 5-mg. sample, 
gives the volume of thiosulfate solution required for dissolved 
barium chromate and soluble chromate in the reagent. Simi­
lar calculations for the titrations on the other samples give a 
series of results from which to calculate the average blank.

The following slightly modified procedure, with the use of

a blank determined as described, has been found to give re­
sults consistent with those obtained gravimetrically.

P rocedure
Measure 100 ml. of the water sample into a 250-ml. Erlen- 

meyer flask and make just acid to methyl orange (1 drop) with N  
hydrochloric acid, added dropwise. Add, at room temperature, 
10 ml. of barium chromate solution (7.5 grams of barium chro­
mate in 1 liter of 0.25 N  hydrochloric acid). Allow the sample to 
stand 10 minutes, swirling the flask several times during this 
period. Precipitate the excess barium chromate with ammonium 
hydroxide, adding 3 drops in excess of the amount necessary to 
change the color from orange yellow to lemon yellow (a total of 
6 drops is usually sufficient when 10 ml. of the chromate reagent 
are used for the precipitation), and again allow the sample to 
stand 10 minutes, swirling and shaking several times as before. 
The swirling accelerates coagulation, so that the subsequent 
filtration is rapid and clean. Filter, catching the filtrate in an­
other 250-ml. Erlenmeyer flask, and wash the precipitate several 
times with a fine stream of distilled water. Add to the filtrate 
10 ml. of 10 per cent potassium iodide solution and 2 ml. of hy­
drochloric acid (sp. gr. 1.18 to 1.19) and mix carefully with a 
glass stirrer. After 10 minutes titrate, while rotating the flask 
gently, with 0.05 Ar sodium thiosulfate (1 ml. = 1.64 mg. of 
SO(), using starch solution as indicator. From the milliliters of 
thiosulfate required for the titration subtract the blank, pre­
viously determined, and multiply the remainder by 16.4 (if a 
100-ml. sample has been used) to get parts per million of S04.

One hundred water samples on which the sulfate had been 
determined gravimetrically in the course of regular com­
plete analysis were tested by the procedure and the use of a 
blank determined as described in this paper. The samples 
tested contained from 2 to 1786 parts per million of SO*, but 
for each test a volume of the sample containing not more than 
25 mg. of SO4 was used. The results obtained, compared 
with the gravimetric results on the same sample, are shown in 
Figure 1. The value (in mg. of S04) used for plotting was the 
S04 content of the sample taken for the test. With few ex­
ceptions the results obtained by the barium chromate method 
check those obtained gravimetrically within ± 0.2 mg.

The interfering effects of aluminum, zinc, nickel, and iron 
have been mentioned by various investigators. Natural 
waters, however, rarely contain more than a few tenths of a 
part per million of aluminum, zinc, or nickel, and an examina­
tion of more than 650 analyses of waters from all parts of the 
United States show’s that in practically all alkaline waters 
iron in excess of 0.1 part per million is precipitated within a 
few hours after the waters come from the ground. These 
constituents might, however, be present in other substances 
tested in quantities sufficient to affect the results. Calcium,
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if present in large amounts as the sulfate, is occluded in the 
barium sulfate precipitate in sufficient quantity to cause an 
appreciable error. Because of the high SO* content of such 
waters, however, small volumes of the sample are usually 
taken for the volumetric determination and diluted to 100 
ml., thus minimizing the chance of occlusion. The result 
then obtained is comparable to tha t obtained gravimetrically 
on a similarly diluted sample. High results are obtained if 
phosphate is present in excess of 5 mg. in the sample tested. 
Boiler waters are almost the only waters that contain phos­
phate in quantities approaching this magnitude. They may 
contain 50 parts of phosphate to more than 1000 parts of sul­
fate and consequently the amount of phosphate present in the

sample used for the sulfate test would be negligible. Of the 
other acidic constituents, nitrite is the only one tha t might 
have disturbing effects, and this is seldom present in natural 
waters in quantities sufficient to affect the results, because it 
is so readily oxidized to nitrate after exposure of the sample 
to air.
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Determ ination o f Selenium  in Steel
W. C. COLEMAN and C. II. McCROSKY 

Syracuse University, Syracuse, N. Y.

F i g u r e  1. S o l u t io n  A p p a r a t u s

A 500-ml. Erlenm eyer flask containing 50 ml. of 1.18 hydrochloric acid 
and 1 ml. of 0.1 N  iodine in potassium  iodide

B . 250-ml. Erlenm eyer flask containing one-fourth filter paper (W hat­
m an  No. 40, 9 cm.) finely m acerated , and  5 ml. of 0.1 N  iodine in 
potassium  iodide d ilu ted  to  100 ml.

C. 250-ml. E rlenm eyer flask containing 200 ml. of w ater.

WITH  the advent of the use of selenium in steel, the 
desirability of an accurate, inexpensive, and rapid 

method for its determination becomes increasingly important. 
As the result of work in this laboratory, the authors developed 
a  method for the determination of selenuim in steel and sub­
mitted it to the Carpenter Steel Company in the spring of 
1935. Marvin and Schumb (£) have recently published a 
volumetric method in which they use perchloric acid as a 
solvent. The present method makes use of hydrochloric 
acid as a solvent and a modification of the Norris and Fay (3) 
volumetric procedure for selenious acid.

Briefly outlined, the method consists in the solution of the 
steel sample in hydrochloric acid, trapping the hydrogen 
selenide evolved in a potassium iodide solution of iodine, 
combining the selenium precipitated in this solution with the 
bulk of the selenium in the hydrochloric acid, and filtering 
through macerated filter paper. The precipitate is then 
dissolved by a solution of bromine in hydrochloric acid, re­
fluxed, the excess bromine discharged with alcoholic acetanilide 
solution, ferric ion suppressed by the addition of sodium 
fluoride, and the selenious acid titrated by the Norris and Fay 
method.

The apparatus used for the solution of the sample is shown in 
Figure 1. A 5-gram sample of steel is placed in flask A, contain­
ing hydrochloric acid and a potassium iodide solution of iodine. 
The iodine solution prevents the loss of hydrogen selenide while 
connecting this flask, and iodide insures complete reduction of 
any selenite. The flask is heated with a microburner, at first 
gently, and finally with boiling until solution is complete and 
the volume is reduced to 25 to 30 ml. Flask B, containing a 
potassium iodide solution of iodine for oxidizing hydrogen sele­
nide, is kept cooled in a water bath. Flask C, containing water, 
maintains a desirable back pressure. (The water bath and 
flask C, as well as the refluxing operation following, are refine­
ments that may be omitted where percentages are reported to 
only two decimal places.)

The contents of flask A are carefully transferred to flask B, 
rinsing the connecting tube into this flask, removing any selenium 
from the end with moist filter paper. The solution, containing 
the selenium precipitate and macerated filter paper, is digested 
on a hot plate for 15 minutes, then filtered through a Gooch 
containing a circle of filter paper over which is a matte made 
from one-quarter of a macerated filter paper (Whatman No. 40, 
9 cm.). A qualitative analysis showed that this precipitate 
contains nickel, silicon, and iron as impurities.

The precipitate is washed with warm water and then trans­
ferred to flask B and 5 ml. of bromine in hydrochloric acid (1 ml. 
of bromine in 100 ml. of 1.12 acid) are added. If, after shaking, 
the bromine color disappears and black particles still remain, 
more bromine solution is added, dropwise, until the bromine 
color is permanent. The mixture is refluxed in a 40-cm. (16-inch) 
condenser for 5 minutes, with a connecting tube from the top of 
the condenser dipping into a test tube containing 5 ml. of water 
to trap bromine. The tube is disconnected at the top of the 
condenser, the burner removed, and through the condenser 
tube are poured 50 ml. of water to which has been added 1 ml. 
of a saturated solution of acetanilide in alcohol. Excess bromine 
not removed by refluxing is discharged by the acetanilide. 
(Of several reducing agents tried, acctanilide was found most 
satisfactory.) After removing the flask, 20 ml. of 2.5 per cent 
sodium fluoride and starch solution are added, and the solution 
is cooled to 20°, diluted to 150 ml., and titrated by the Norris 
and Fay method, using approximately 0.02 N  solutions of sodium 
thiosulfate and iodine.

As a means of evaluating this work, a gravimetric method 
was developed which depends on separating the selenium 
from the steel by distillation as selenium tetrabromide, its 
reduction to elemental selenium, and weighing as such. The 
selenium tetrabromide distillation method was first used 
by Gooch and Pierce (1) and its reliability as an accurate 
method ably demonstrated by the work of Robinson, Dudley, 
Williams, and Byers (4).

A 5-gram sample of steel is treated with 50 ml. of 1.18 hydro­
chloric acid in a special distilling flask fitted with a ground-glass 
funnel tube (Figure 2). A low flame is used until the steel is
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decomposed and then the flame is increased and acid distilled 
until only 5 to 10 ml. remain in the flask. The distillate is 
caught in a flask under bromine water (20 ml. of saturated bro­
mine diluted to 50 ml.). Air is aspirated through the appara­
tus and bromine added to the cooled distilling flask through 
the funnel tube until its vapors appear in the delivery tube. 
Suction is discontinued, and 10 ml. of 1.49 hydrobromic acid are 
added and distilled down to the former volume. This distilla­
tion is repeated two more times using 10 ml. of 1.49 hydrobromic 
acid and 0.5 ml. of bromine each time. The receiving flask is 
disconnected, the acidity made 4 to 5 iV (adding hydrochloric 
acid if necessary), and the solution filtered. Bromine is dis­
charged with sulfur dioxide, 2 ml. of 25 per cent hydroxylamine 
hydrochloride are added, and the flask is placed on a hot plate 
to digest a t 80° overnight. The precipitate is collected on asbes­
tos in a Gooch crucible, washed with warm water and then with 
ethyl alcohol, dried at S0°, and weighed with a tare. (Besides 
lowering the temperature of drying, alcohol aids in protecting 
finely divided selenium from oxidation.)

To test the accuracy of the distillation method, 0.02 mg. of 
selenium in solution as selenious acid was added to a distilla­
tion residue shown to be free from selenium and the distilla­
tion method employed. A pink coloration on the subsequent 
treatment with hydroxylamine hydrochloride showed to the 
authors’ satisfaction that the amount of selenium not re­
moved in an average sample of steel by this method is less 
than 0.02 mg. By similar experiments Robinson, Dudley, 
Williams, and Byers demonstrated the accuracy of this 
method for removing minute amounts of selenium from other 
materials. Furthermore the insoluble portions of residues 
from the distillations of selenium steels were carefully tested 
for selenium with negative results.

A selenium steel with the manufacturer’s analysis of 
0.254 per cent of selenium was analyzed by the distillation 
method. A percentage of 0.241 was obtained for each of 
three determinations when the values were rounded off at 
the third place. On the same sample the control method used 
by the Carpenter Steel Company was employed, except that 
the selenium precipitate formed was redissolved with bromine 
in hydrochloric acid solution and reprecipitated with hydroxyl­
amine hydrochloride. In the authors’ opinion reprecipitation 
is necessary to free the selenium from impurities. For each 
of two determinations a percentage of 0.241 was found, which 
is in excellent agreement with those obtained by the distilla­
tion method. The authors’ volumetric method was now used 
on this sample, 50 determinations giving an average of 0.240 
per cent with an average deviation less than 0.002 per cent. 
This method is considerably more rapid than the gravimetric 
methods, several analyses being easily accomplished in 1.5 
hours.

Another specimen of steel, which according to the manu­
facturer contained 0.230 per cent of selenium, was analyzed by 
the distillation method. The values obtained—0.216, 0.216, 
0.218, and 0.216 per cent—are lower, and in the authors’ 
opinion this is additional evidence that the manufacturer’s 
analyses give results that are consistently too high.

Carefully purified potassium iodate, bromate, and dichro- 
mate wrere used to standardize the thiosulfate solution. I t  
was found tha t the Norris and Fay method could be modified 
to the extent of carrying on the titration a t room temperature 
(20°) if the excess of sodium thiosulfate solution was not 
more than 5 ml. of 0.02 N  solution. In all titrations the 
concentration of hydrochloric acid was 0.2 Ar in a volume of 
150 cc.

Two standard solutions of selenium were used for reference: 
(1) a solution of selenious acid standardized by precipitating 
selenium with hydroxylamine hydrochloride and weighing, 
and (2) a solution of sodium selenocyanate made by dis­
solving a known weight of highly purified selenium in sodium 
cyanide and diluting to a definite volume. The selenium 
precipitated from the selenious acid solution was determined 
under the same conditions used in the steel analysis and found

F i g u r e  2 . D is t i l l a t i o n  A p p a r a t u s

A .  500-ml. distilling flask
B . 250-ml. Erlenm eyer flask containing 20 ml. of s a tu ra ted  brom ine w ater

diluted to  50 ml.
C. 250-ml. Erlenm eyer flask containing 50 ml. of w ater

to vary from the standardization value by less than 1 part per 
1000. Again on precipitating the selenium from the standard 
sodium selenocyanate solution and carrying on the procedure 
used in the steel analysis, results were obtained agreeing as 
closely with the standardization value.

In 150 ml. of solution containing 10 mg. of ferric chloride, 
20 ml. of 2.5 per cent sodium fluoride, 0.2 N  with hydrochloric 
acid, gave no starch iodine color when 2 grams of potassium 
iodide were added. This amount of iron is in excess of that 
always present with the selenium precipitate.

Filtrates were examined for selenium by allowing them to 
stand for 12 hours and then filtering through filter paper. 
Appreciable amounts were recovered until the method of 
digesting for 15 minutes in the presence of macerated filter 
paper was adopted. Six successive filtrates were then found 
to be free from selenium. The authors are convinced that 
small amounts of selenium are commonly lost on filtration 
unless special precautions are taken. Digestion in the presence 
of macerated filter paper effectively prevents the loss of col­
loidal selenium.

A ck n ow led gm en t

The steel samples used in this work with the analyses re­
ported by the company’s laboratory were supplied through the 
courtesy of the Carpenter Steel Company, Reading, Pa.

S u m m a ry

A modification of the Norris and Fay volumetric method 
has been developed for the determination of selenium in steel. 
The reagents used are inexpensive; the cost for an analysis 
is less than 4 cents. The method is rapid and accurate, and 
could be applied in any determination of selenium when it 
is possible to precipitate the free element.
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Colorimetric Estim ation o f Peroxides in  
Unsaturated Compounds

C H A R L E S A . Y O U N G , R . R . V O G T. AND J . A. N IE U W L A N D , U n iv ersity  o f  N o tr e  D a m e , N o tr e  D a m e , In d .

THE chief methods of estimating the peroxides in un­
saturated organic compounds are based on the oxidation 
of either potassium iodide or a ferrous salt by the peroxides. 

For example, Marks and Morrell (£) use a solution of potas­
sium iodide in glacial acetic acid. After the iodine is lib­
erated, the solution is diluted with water and the free iodine 
titrated with standard sodium thiosulfate. A considerable 
error may be introduced by the addition of iodine to the un- 
saturated linkage, particularly since the rate of addition in 
many cases is greatly accelerated by the presence of peroxides.

Yule and Wilson (8) estimate peroxides in cracked gasoline 
by shaking it with an acidified solution of ferrous sulfate and 
ammonium thiocyanate in a 50 per cent acetone-water mix­
ture. The ferric thiocyanate which is formed is titrated with 
a standard titanous chloride solution. Several improvements 
in this method are desirable. Instead of using as the solvent 
50 per cent acetone, in which most hydrocarbons have a 
limited solubility, it is preferable to use a solvent W’hich is 
miscible with hydrocarbons. I t  is also desirable to estimate 
the ferric thiocyanate formed by the peroxides by some means 
other than standard titanous chloride, in order to avoid the 
difficulties inherent in the use of this reagent. Since minute 
quantities of ferric thiocyanate produce an intense colora­
tion when in solution, it is possible and advantageous to de­
termine the ferric thiocyanate colorimetrically. The conven­
ience and rapidity of colorimetric procedures are well known.

In selecting a solvent there are two important factors to be 
considered: (1) the solvent should dissolve an appreciable 
quantity of the inorganic salts used, .and (2) the solvent 
should be miscible with the organic compounds which are to 
be analyzed. Absolute methyl alcohol meets these require­
ments.

P rep aration  o f  th e  R ea g en t

The reagent is prepared by dissolving 5 grams of ammonium 
thiocyanate and 5 cc. of 6 N  sulfuric acid in 1000 cc. of abso­
lute methyl alcohol, and then saturating the solution with 
pure ferrous ammonium sulfate. Shaking the solution with 
the finely pulverized salt for a few minutes is sufficient. The 
faint pink color which is formed may be evaluated by com­
paring it with a suitable color standard. The results of 
analyses may then be corrected for the trace of ferric thiocya­
nate present in the reagent. The faint pink color in the re­
agent does not deepen appreciably over a period of an hour or 
so. The usefulness of the reagent may be extended to much 
longer periods by keeping the reagent in an inert atmosphere.

P rep aration  o f  th e  C olor S tan d ard

Solutions of ferric thiocyanate in absolute methyl alcohol 
are used as color standards. In order to make the colori­
metric comparisons conveniently and accurately, the con­
centration of the standard solution should not differ more 
than two- or threefold from that of the solution whose color 
is being determined. Furthermore, since solutions of ferric 
thiocyanate in methyl alcohol fade slowly on standing, the 
standard solutions should be freshly prepared each day. 
This may be accomplished by adding ammonium thiocyanate 
and sulfuric acid, in the same proportions used in preparing 
the reagent, to standard solutions of ferric chloride in absolute

methyl alcohol. For colorimeters of the Duboscq type, it is 
recommended that the concentrations of the ferric chloride 
solutions range from 0.00004 to 0.001 mole per liter. Three 
concentrations are sufficient for ordinary purposes. In 
case any ferric chloride has been reduced to the ferrous state, 
a small amount of active peroxide may be added.

P rocedure
If the compound being analyzed is a liquid having a moderate 

peroxide concentration, it is added directly to the reagent by 
means of a small pipet or buret. Otherwise a solution in absolute 
methyl alcohol is made, and the concentration so adjusted that, 
when quantities of the solution ranging from 0.05 to 0.5 cc. are 
added to 10-cc. portions of the reagent, a color equivalent to 
0.00002 to 0.0002 mole of ferric thiocyanate per liter is produced. 
With many compounds, such as butylacetylene and 1-hexene, the 
color reaches a maximum intensity within a few seconds, and the 
solution is then immediately compared with a color standard 
having approximately the same concentration. Some peroxides, 
such as the one found in diamylene, react with the reagent rather 
slowly. In such cases the reaction may be greatly accelerated 
by heating the solution to just below boiling for 4 or 5 minutes. 
The quantity of peroxide detected by this method is propor­
tional to the amount present in the solution. The results of an 
analysis are reproducible.

D iscu ss io n
Potassium iodide is more easily oxidized than is ferrous sul­

fate, as the molal electrode potentials of the ferrous and the 
iodide ions show. Certain peroxides, such as benzoyl per­
oxide, readily liberate iodine from potassium iodide, but re­
act extremely slowly, if a t all, with ferrous sulfate. Conse­
quently, if some organic material contains a wide variety of 
peroxides, it is possible that a portion of the peroxides is not 
determined by a method using a ferrous salt as the reducing 
agent. Yule and Wilson (S) found that after an exhaustive 
treatment of cracked gasoline with ferrous sulfate, there still 
remained a small amount of peroxide which oxidized potas­
sium iodide. Nevertheless, since potassium iodide cannot 
be used with many peroxides of unsaturated compounds, the 
ferrous sulfate methods are very useful for comparative pur­
poses even where complete reduction of all peroxides is not 
obtained.

T a b l e  I. C o m p a r i s o n  o f  M e t h o d s

Yule and  Wilson C olorim etric
C racked gasoline 0 .025  0 .036
B utylacety lene 0 .2 3  0 .29
D iam ylene 0 .3 0  0 .5 4

The accuracy of the colorimetric method presented here 
has been studied by means of dilute solutions of hydrogen 
peroxide of known concentrations and by means of pure prepa­
rations of succinyl peroxide (HOOC.CH2.CH2.COO)2. For 
example, the concentration of a hydrogen peroxide solution 
as given by the standard potassium permanganate method 
was 0.0279 mole per liter, while the colorimetric procedure 
gave 0.028 mole per liter. The succinyl peroxide was pre­
pared by the method of Clover and Houghton (1), and wras 
recrystallized twice from acetone. The calculated weight 
per cent of active oxygen in succinyl peroxide is 6.83 per cent; 
obtained 7.0 per cent.

For fuller evaluation of the merits of the colorimetric pro­
cedure, it was compared with the method of Yule and Wilson 
(3). In calculating the results of an analysis, the reasonable
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assumption was made that each mole of peroxide reacted with 
two equivalents of ferrous sulfate. The comparison of the 
two methods is presented in Table I, the results being re­
ported in terms of gram equivalents of active oxygen per liter 
of hydrocarbon.

The lower results given by the method of Yule and Wilson 
are probably due to the incomplete reduction of the peroxides, 
for the reacting substances are, on the whole, concentrated 
in two different layers. The more peroxide there is present, 
the more difficult it becomes to obtain a quantitative reduc­
tion. Yule and Wilson have noted that an increase in per­
oxide concentration does not give a proportionate increase in 
the quantity of peroxide detected by their method.

S u m m a ry

A method is presented for the colorimetric estimation of 
peroxides in unsaturated organic compounds, based on the 
oxidation of ferrous sulfate in the presence of ammonium 
thiocyanate, using absolute methyl alcohol as the solvent.

L itera tu re  C ited
(1) Clover and Houghton, Am. Chem. J .,  32, 55 (1904).
(2) M arks and Morrell, Analyst, 54, 503 (1929).
(3) Yule and Wilson, I n d .  E n g .  C h e m ., 23, 1254 (1931).

R e c e i v e d  Jan u a ry  22, 1936.

Volum etric Determ ination o f Iodides 
by Ceric Sulfate

An Application o f the Indicator o-Phenantliroline Ferrous Ion

D A V ID  L E W IS, C o llege  o f  th e  C ity  o f  N ew  Y ork , N ew  Y ork , N . Y .

THE direct oxidative titration of iodides to a visual end 
point depends, in most procedures, upon the conversion 
of the initially liberated iodine to the cationic or covalent 

state. The end point is the disappearance of iodine, and it is 
in the manner of determining this disappearance that the 
various methods differ. Each is subject to certain disad­
vantages, either of manipulation or of estimating the end 
point.

In Andrews’ method (/) an immiscible organic solvent, such as 
chloroform, must be used to detect the oxidation of the iodine 
to iodine monochloride. Addition of oxidizing agent, with 
shaking after each addition, is continued until the violet iodine 
color is discharged from the layer of inert solvent. Lang’s 
procedure (6) is more direct. Titration is continued to the dis­
appearance of the blue starch-iodide color which occurs at the 
conversion of the iodine to iodine cyanide. To minimize the 
danger of working with an acid solution of a cyanide, it is neces­
sary to use long, narrow-necked flasks. In Berg’s method (2) 
the iodine liberated in the oxidation reacts with acetone to form 
iodoacetone. Starch is the indicator. As the end point is ap­
proached each drop of oxidizing agent produces a blue color 
which is slowly discharged. The end point is reached when 
further addition of oxidant no longer produces a blue color. 
The most common oxidizing agent is potassium iodate, although 
Swift (7) has shown that potassium permanganate, potassium 
dichromate, and ceric sulfate can be used in the Andrews pro­
cedure, and Berg (3) has shown the utility of potassium bromate 
in the cyanide method.

In the method to be described the disadvantages of these 
methods are eliminated by avoiding the use of an iodine end 
point. A previous attem pt in this direction was made by 
Hahn and his co-workers (5), who proposed titration to a per­
manganate end point, without, however, eliminating the in­
convenience of a two-phase system. The iodine liberated in 
the oxidation had to be extracted (with ethyl acetate) to per­
m it detection of the end point.

The present method is based upon Berg’s procedure for the 
elimination of iodine by the acid catalyzed iodination of ace­
tone. By the use of ceric ion as oxidizing agent and o-phe- 
nanthroline ferrous ion as indicator, the titration of iodides can 
be performed rapidly, precisely, and accurately.

R ea g en ts
Two ceric sulfate solutions were prepared by dissolving ceric 

ammonium sulfate in M  sulfuric acid, and were standardized

against sodium oxalate by the method of Walden, Hammett, and 
Chapman (8). Solution I was 0.1074 M; solution II, 0.09982 M.

An approximately 0.1 M  solution of purified potassium iodide 
was used throughout these experiments. It was standardized 
against the ceric sulfate solutions, the end point being deter­
mined electrometrically—a procedure shown to be exact by Wil­
lard and Young (9).

Acetone was of reagent grade and the potassium bromide, 
sodium cldoride, and sulfuric acid were of c. p. grade. Blanks on 
these materials in the amounts used in the experiments required a 
fraction of a drop of ceric sulfate to change the color of the indica­
tor.

The solution of o-phenanthroline ferrous sulfate was 0.025 M.

M eth o d  o f  A n a lysis

A measured volume of the iodide solution is treated with 
25 ml. of acetone, 10 ml. of 9 M  sulfuric acid, and water to 
make the volume 100 ml. After adding one drop of o-phe­
nanthroline ferrous sulfate solution, the mixture is titrated 
with the ceric sulfate until the pink color of the indicator 
changes to a pale blue. The end point is sharp and lasts 
several minutes.

The rate a t which the oxidant is added does not affect the 
results. At the start of a titration rapid addition of the ceric 
sulfate may cause the solution to be colored brown by free 
iodine, which rapidly disappears on interrupting the titration 
and stirring a few seconds. I t  is desirable to conduct the ti­
tration in flasks, since iodoacetone is a lachrymator.

R esu lts

Table I illustrates the precision with which this titration can 
be performed. There is no difficulty in obtaining checks 
better than one part per thousand.

From these results the normality of the iodide solution is 
found to be exactly twice the molarity as determined poten- 
tiometrically. Assuming monoiodination of the acetone, the 
reaction may be represented as

KI +  2Ce(S04)2 +  CJIeO = KHSO, +  Ce,(SO,). +  C,HtOI

I t  is unnecessary to adhere strictly to the conditions for the 
titration as given above. Equally good results are obtained 
if 5 or 15 ml. of acid are used or if the solution is diluted. 
Such changes merely affect the rate of reaction of the iodine
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T a b l e  I. P r e c i s i o n  A t t a i n a b l e

Potassium  Iodide Ceric Sulfate
M l.

10.00

10.00
20.00

5 .00

M l.
Solution I, 0 .1074 M  

18.67
18.69
18.70
18.69
18.70 

Av. 18.69
Av. deviation 0.8 p a rt per 1000

Solution II , 0.09982 M  
20.10 
20.10 
40.20 
10.04

A v. deviation  0.1 p a rt per 1000

T a b l e  II. E f f e c t  o f  V a r y i n g  C o n c e n t r a t i o n  o f  
A c id  a n d  V o lu m e  o f  S o l u t i o n

(10.00 ml. of potassium  iodide and  2 5  ml. of acetone in each titra tio n . 
Ceric su lfa te  required, 18.69 ml.)

Volume a t  S ta r t 9 M  HjSO« Ceric Sulfate Used
Ml. M l. M l.
100 1 18.75
100 5 18.70
100 15 18.68
100 20 18.61
145 30 18.60
100 30 18.43
200 20 18.69

T a b l e  III. E f f e c t  o f  B r o m id e

(10.00 ml. of potassium  iodide and  25 ml. of acetone in each titra tion . 
Ceric su lfa te  required, 18.69 ml.)

0.1 M  KB r Volume a t  S ta r t 9 M  II,S04 Ceric Sulfate
M l. M l. M l. M l.

5 100 10 18.70
10 100 10 18.72
15 100 10 18.85
10 200 20 18.68
15 200 20 18.71
20 200 20 18.75
30 300° 30 18.72
50 300° 30 18.76

a 35 ml. oí acetone.

with the acetone, which is proportional to the concentration 
of acid and of acetone (4). Too little acid is undesirable, 
since it leads to slightly high results and the titration is time- 
consuming, while too high a concentration of acid leads to

low results and a fleeting end point. The data in Table II 
show the effect of varying these conditions.

E f f e c t  o f  B r o m i d e .  Measured volumes of 0.1 M  po­
tassium bromide wrere added to the iodide and the titration 
was performed as described above. In general, more ceric 
sulfate is required than for iodide alone. The larger the ratio 
of bromide to iodide, the greater is the excess of ceric sulfate 
necessary to reach an end point lasting 1 minute. This inter­
ference can be almost entirely eliminated by diluting the solu­
tion sufficiently while keeping the acid concentration approxi­
mately constant. Within the limits investigated it was pos­
sible to titrate the iodide with an accuracy of 3 to 4 parts per 
thousand when the bromide-iodide ratio was 5 to 1. The re­
sults of several of these titrations are given in Table III.

E f f e c t  o f  C h l o r i d e .  Moderate amounts of neutral 
chloride do not interfere. Titrations in the presence of 0.5, 
1.0, and 5.0 grams of sodium chloride required 20.10, 20.16, 
and 20.23 ml. of ceric sulfate, compared to 20.10 ml. for 
iodide alone. In the titration with 5.0 grams of chloride 
present, precipitation of the salt occurred. The excess ceric 
sulfate required with the larger amounts of chloride may be 
due to the formation of hydrochloric acid, since titrations of 
iodide alone in which hydrochloric acid was substituted for 
the sulfuric acid used excess ceric sulfate.

S u m m a ry
In the presence of acetone and sulfuric acid iodides may be 

titrated quantitatively with ceric sulfate to a visual end point, 
using o-phenanthroline ferrous ion as indicator. The effect 
of bromides and chlorides on this titration has been deter­
mined.

L itera tu re  C ited
(1) Andrews, L. AV., J . Am. C'hem. Soc., 25, 756 (1903).
(2) Berg, R., anal. Chem., 69, 369 (1926).
(3) Ibid., 69, 1 (1926).
(4) Dawson, H. M., J . Chem. Soc., 1927, 458.
(5) Hahn, F. L., and Wolf, II., Chem.-Ztg., 5 0 , 674 (1926); Hahn,

F. L., and Weiler, G., Z. anal. Chem., 69, 417 (1926).
(6) Lang, R ., Z. atiorg. allgem. Chem., 122, 332 (1922); 142, 229

(1925); 144,75(1925).
(7) Swift, E. H., J . Am. Chem. Soc., 52, S94 (1930).
(8) Walden, G. H., H am m ett, L. P., and Chapman, R. P .,  Ib id .,  55,

2649 (1933).
(9) Willard, II. H ., and Young, P., Ibid., 5 0 , 1368 (1928).

R e c e i v e d  February  13, 1936.

Standardization o f Sodium Thiosulfate Iodom etrically against Copper

LY L E  O. H IL L  
C en tra l Y . M . C. A . C o llege , C h icago , 111.

THE method of standardizing sodium thiosulfate against 
copper and of determining copper in samples which 
are soluble in nitric acid as outlined by Gooch and Heath (1) 

requires long evaporations. Kendall (2) has pointed out 
that these evaporations eliminate nitrous acid. The use of 
urea for the elimination of nitrous acid was worked out 
independently by the author., Afterwards, in a careful 
study of the literature it was found that Koelsch (3) sug­
gested a procedure essentially the same as that given be­
low and that Pozzi-Escot (4) also suggested the use of urea, 
employing, however, a much longer procedure. I t  is felt that 
this simple method has been overlooked and should be called 
to the attention of the analytical chemist. Results with this 
method agree with those of Gooch and Heath (1) within one 
part per thousand.

P rocedure
Weigh a sample of pure copper, 0.2 to 0.3 gram. Dissolve the 

sample in 2 to 5 ml. of concentrated nitric acid. Add 0.5 gram 
of urea and heat to boiling. Cool, adjust the acidity by adding 
6 iV ammonium hydroxide until a white precipitate is formed, 
dissolve the precipitate with 6 N  acetic acid, and add 5 ml. in 
excess. Add 3 grams of potassium iodide, allow to stand 2 
minutes, and titrate the liberated iodine with sodium thio­
sulfate solution. Starch is used as an indicator (2 ml. of I 
per cent solution) and should be added about 1 ml. before the 
end point is reached.

Variations in concentration of X 0 3~ and NH4+ have no 
effect on the final precision.

L itera tu re  C ited
(1) Gooch and H eath, Z. anorg. Chem., 55, 199 (1907).
(2) Kendall, J . Am. Chem. Soc., 33, 1947 (1911).
13) Koelsch, Chem.-Ztg., 37, 753 (1913).
(4) Pozzi-Escot, E., Ann. chim. anal., 18, 219 (1913).
R e c e i v e d  D ecem ber 2 3 , 1935 .



M icrodeterm ination o f Am m onia Nitrogen  
in Eggs

SE L M A  L. B A N D E M E R  AND P H IL IP  J . S O L U B L E  
M ic h ig a n  A g r icu ltu ra l E x p er im en t S ta t io n , E a st L a n s in g , M ich .

INTERIOR cjuality of shell 
eggs is commonly and most 

conveniently determined in com­
merce upon the unopened egg 
by means of candling. Physi­
cal methods that measure quality 
more precisely have been de­
scribed for eggs which may be 
broken out (3, 4). Chemical 
methods have not found applica­
tion in this field except for com­
paratively few studies of the 
loosely bound nitrogen (2, 5).
The chemical procedure hitherto 
followed has been an adaptation 
of the Folin aeration method for 
am m o n ia  in  urine—that is, 
aeration of an alkaline solution 
of the material, absorption of the ammonia by excess standard 
acid, and its subsequent determination by titration ornessleri- 
zation.

The aeration method has many disadvantages, especially 
when applied to the estimation of the extremely small amounts 
of ammonia in egg materials. I t  involves a complicated 
setup of wash bottles, aeration tubes, absorption tubes, ma­
nometers, pressure regulators, and traps, since the volume of 
air, its rate of flow, and its pressure must be carefully regu­
lated and its freedom from ammonia insured (2, 5). Exces­
sive foaming must be prevented, which is very difficult with 
egg materials. The time involved for aeration is between 4 
and 5 hours, and the attention of the operator is required 
during this period.

To overcome the inconvenience of the'aeration method an 
attem pt was made to use the absorption process described by 
Conway and Byrne (1), but it was found necessary to modify 
th is  p ro c e d u re  to adapt it to 
the purpose a t hand. The prin­
ciple involved is the l ib e ra t io n  
of ammonia by a saturated po­
tassium carbonate s o lu t io n  and 
its absorption in standard acid as 
before, but instead of its removal 
by aeration, the volatility of the 
ammonia is employed for this pur­
pose.

A p p aratu s
Cells were made from  to p s  of 

10-cm. Petri dishes. The rims of 
th e se  d ish e s  were ground to a 
smooth surface on a piece of plate 
glass with the aid of fine Carborun­
dum powder and water. Glass 
rings 5 cm. in diameter and of a
height slightly less than that of the side walls were centered in 
the dishes and sealed in place with de Khotinsky cement, which 
in turn was coated with beeswax to protect the cement from 
the alkali used. This wax coating had to be renewed at in­
tervals. An all-glass cell proved very satisfactory but was 
unduly expensive. Covers were glass plates with a ground

A  m e th o d  for th e  d eterm in a tio n  o f  a m ­
m o n ia  n itro g en  in  eggs w ith o u t  a era tio n  is  
d escrib ed . T h e  a m m o n ia  is  absorbed in  
sta n d a rd  acid  from  a th in  layer o f  an  a lk a­
lin e  so lu t io n  o f  th e  sa m p le  in  a m od ifica ­
t io n  o f  th e  C onw ay-B yrne ce ll. I t  h as  
m a n y  ad van tages over th e  tro u b leso m e  
a era tio n  m eth o d s in  th a t larger n u m b ers o f  
sa m p les  m a y  b e  ru n  s im u lta n e o u s ly  and  
th e  o p era tio n , co n tro l, and  e q u ip m e n t arc 
sim p ler . D ata  arc p resen ted  to  sh ow  th e  
re lia b ility  and  accuracy  o f  th e  procedure. 
D irectio n s  are g iven  for th e  fa b r ica tio n  o f  
th e  m od ified  C onw ay-B yrne cell.

surface and when used were 
coated with a thin film of vase­
line to insure a gas-tight seal. 
By slipping the cover horizon­
tally until there was an opening 
just large enough for the tip of 
a pipet, solutions were added to 
the cell without either absorp­
tion of ammonia from the at­
mosphere or loss of ammonia 
from the cell. Figure 1 shows 
the cell and indicates the method 
of introduction of materials. In 
washing these cells it was found 
advisable to rinse them in a 1 to 
1 hydrochloric acid solution to 
remove the last traces of the

F ig u r e  1. A b s o r p t i o n  C e l l , I n d i c a t i n g  
M e t h o d  o f  I n t r o d u c in g  M a t e r ia l s

alkali, especially from the inner 
chamber. Ostwald-Folin pipets were used to sample the egg 
material. Tips were adjusted to allow rapid deliver}" and 
they were then calibrated to deliver 5 cc. of egg white, yolk, 
diluted yolk, or mixed whole egg. An electrically heated 
cabinet kept a t 38° ±  1° C. by means of a thermostat was 
used to heat the cells for the required time.

S o lu tio n s  R eq u ired
The acid used was 0.005 N  hydrochloric acid, made by 

diluting 0.10 N  hydrochloric acid, and contained the indicator. 
The indicator, adapted from that described by Tashiro and 
modified by Conway (1), was prepared by dissolving 0.08 
gram of the sodium salt of methyl red and 0.02 gram of 
methylene blue separately in alcohol, mixing, and making up 
to 100 cc. with alcohol. One cubic centimeter of this solution 
was added to each 100 cc. of the standard acid before making 
to volume. With this indicator the end point was that point 

a t  w hich  th e  le a s t  co lo r  was 
present, th e  so lu tio n  h a v in g  a 
grayish tinge between the red of 
the acid and the green of the alka­
line colors. The end point was 
very sharp and readily reproducible, 
titrations checking within 0.01 cc. 
The excess acid was determined by 
titration with 0.0025 N  sodium hy­
droxide, also prepared by diluting a 
0.1 N  solution and standardized 
each d a y  a g a in s t  the acid. A 
saturated potassium carbonate solu­
tion was used to liberate the am­
monia from the egg m ix tu re s . 
Ammonia-free water prepared by 
distilling distilled water containing 
a small amount of potassium acid 
sulfate was used throughout, and it 

was found advisable to carry out the determinations in an 
ammonia-free atmosphere. Suitable blanks were run.

M eth od
This method was used for whites and yolks separately and 

for mixed whole eggs. The eggs to be examined were
201



202 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 8, NO. 3

broken out into Petri dishes and samples taken as described 
below.

E g g  W h i t e . Place in the inner chamber 5 cc. of 0.005 N  
hydrochloric acid from a calibrated pipet and in the outer cham­
ber approximately 2 cc. of ammonia-free water. Cover the cell. 
Slip the cover horizontally slightly to provide a narrow opening 
and add to the outer chamber 5 cc. of the liquid white from the 
pipet calibrated for this purpose. Close the cell and mix the 
contents by gently tilting and rotating. Introduce approxi­
mately 2 cc. of saturated potassium carbonate solution into the 
outer chamber and again mix the contents as before. Place the 
cells in stacks with a kilogram weight on top in the cabinet kept at 
38° C. for 1.5 hours. At the end of this period, titrate the excess 
acid with 0.0025 JV sodium hydroxide solution, and calculate the 
ammonia to milligrams of ammonia nitrogen per 100 cc. of egg 
white.

E gg  Y o l k . This procedure has been slightly modified by 
a preliminary dilution of yolk, since undiluted yolk does not 
mix properly with the carbonate solution under the condi­
tions specified for egg white.

After removing the sample of white, slit the yolk membrane 
slightly with a small scalpel at the top of the yolk without re­
moving the firm white. Thrust the Ostwald-Folin pipet with an 
enlarged tip through the opening, remove 5 cc. of yolk, and add to 
3 cc. of ammonia-free water in a test tube. The yolk can be 
conveniently blown out by means of a rubber bulb attached to the 
pipet. After thoroughly mixing, introduce a 5-cc. aliquot with 
the pipet calibrated for diluted yolk into the outer chamber of a 
cell containing 5 cc. of the standard acid in the inner chamber. 
Add 3 cc. of the saturated potassium carbonate solution to the 
diluted yolk, close the cell, mix with the same rotary and tilting 
motion, and place in the cabinet with a weight for 1.5 hours at 
38° C. As before, titrate the excess acid with 0.0025 N  sodium 
hydroxide and calculate the ammonia to milligrams of ammonia 
nitrogen per 100 cc. of yolk.

M ix e d  W h o l e  E gg . Mixed whole egg was prepared by 
breaking an egg in a 6-ounce wide-mouth glass-stoppered 
bottle and shaking it with four large glass beads. The pro­
cedure then used was practically the same as for egg yolk.

Deliver 5 cc. of mixed whole egg with the Ostwald-Folin pipet 
calibrated for mixed whole egg into the outer chamber of a cell 
which contains 5 cc. of the standard acid in the inner chamber. 
Add 3 cc. of the saturated potassium carbonate solution, close 
the cell, mix by tilting and rotating, and place in the cabinet for
1.5 hours at 38° C. Titrate the excess acid and calculate in 
terms of milligrams of ammonia nitrogen per 100 cc. whole egg.

E xp erim en  tal
Conway and Byrne (1) have suggested alternative sets of 

conditions for the quantitative absorption of ammonia, stipu­
lating 1.5 hours at room temperature or 1 hour a t 38° C. 
The ammonia nitrogen is so low in fresh eggs that larger 
samples are required than can satisfactorily be handled in the 
Conway-Byrne unit. With the modification of the unit sug­
gested in this paper the interrelationships of time, tempera­
ture, and linear dimensions of the inner and outer chambers re­
quire a longer period or a higher temperature than that speci­
fied by Conway and Byrne. In practice, holding periods at 
room temperature up to 3 hours or at 38° C. less than 1.5 
hours did not provide suitable conditions for recovery of am­
monia from egg materials. As a result a period of 1.5 hours 
a t 38° C. was chosen.

The volume of saturated solution of potassium carbonate 
required was determined by experiment with white and yolk, 
keeping other factors constant.

From Table I  it was evident that the quantity of saturated 
solution of potassium carbonate could be varied considerably 
without changing the amount of ammonia liberated. Since 
it was desirable to keep the volume in the outer chamber as 
small as possible and there was no advantage in using larger 
volumes, it was deemed sufficient to use for the white 2 cc. of 
the saturated solution of potassium carbonate and for the 
yolk, 3 cc.

T a b l e  I. S a t u r a t e d  S o l u t io n  o f  P o t a s s iu m  C a r ­
b o n a t e  R e q u ir e d  f o r  C o m p l e t e  E x p u l s i o n  o f

Solution Used

A m m o n ia

A m m onia N itrogen
W hite Yolk

Cc. M g ./100 cc. M g ./100 cc.
1 2 .3 0
2 o !49 2.63
3 0 .52 2 .60
4 0 .4 5 2 .58
5 0 .46 2.63

The possibility that ammonia might be liberated from yolk 
alone during the period of heating was investigated and the 
results are given in Table II.

T a b l e  II. E f f e c t  o f  H o l d in g  Y o l k  a t  38° C . f o r  
1.5 H o u r s  w it h o u t  A d d it io n  o f  C a r b o n a t e  S o l u t io n

0 .005  N  Alkali 
R equired to  T itra te  Acid 

Cc.
NH3-free w ater 

NH3-free w ater +  yolk

4 .52
4 .54  
4 .58
4 .54
4.54
4 .52

Since titration values of the standard acid were the same 
with and without the yolk, it is certain that no ammonia was 
liberated by the yolk itself when held for the required time 
without the carbonate addition. This is probably due to the 
fact that yolk is naturally slightly acid, having a pH of ap­
proximately 6.0 when fresh which increases to about pH 6.8 
after long periods of storage.

The absorption period was established as the time required 
for the recovery of ammonia from a standard ammonium sul­
fate solution at 38° C.

T a b l e  III. T im e  N e c e s s a r y  f o r  C o m p l e t e  R e m o v a l  
o f  A m m o n iu m  N it r o g e n  f r o m  A m m o n iu m  S u l f a t e  

S o l u t io n

(R esults expressed as milligrams of am m onia nitrogen in  100 cc. of so lution.)
C oncentration  of C oncentration  of Solution 

Tim e a t  38® C. Solution Used by  A ctual D eterm ination
Hours

0 .5
1.0
1 .5
2.0

4.11
4.11
4.11
4.11

2 .4 5
3.56
4.07
4.03

Since an absorption period of 1.5 hours gave practically the 
theoretical value for the ammonia nitrogen recovered, this 
time was used for all the experiments.

The recovery of ammonia from a standard ammonium sul­
fate solution replacing yolk or when added to yolk was found 

■to be satisfactory. Varying quantities of a standard am­
monium sulfate solution were used in a series of determina­
tions to produce concentrations similar to what might be ex­
pected in egg yolk.

T a b l e  IV. R e c o v e r y  o f  A m m o n ia  N it r o g e n  f r o m  a  
S t a n d a r d  S o l u t io n  o f  A m m o n iu m  S u l f a t e

No. of A m m onia N itrogen S tan d ard
D etns. A dded R ecovered D eviation

M g ./100 cc. M g ./100 cc.
7 2 .0 5 2 .04 0.143

10 4 .11 4 .06 0.145
7 5 .00 5 .24 0.080
7 6.16 5 .97 0.365

A comparison of the amounts added and recovered in Table 
IV shows satisfactory agreement.

When definite amounts of ammonia nitrogen were added to 
yolk and determinations made before and after the additions, 
the results shown in Table V were obtained.
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In Table V three different quantities of ammonia nitrogen 
were added to aliquots of two lots of pooled yolk. The re­
covery of the ammonia nitrogen was deemed satisfactory in 
all cases. The period of 1.5 hours a t 38° C. was used for the 
experiments reported in Tables IV and V and for results re­
ported below.

T a b l e  V . R e c o v e r y  o f  A m m o n ia  N it r o g e n  f r o m  E go  
Y o l k  C o n t a in in g  V a r y in g  A d d it io n s  o f  A m m o n iu m  

S u l f a t e

(R esults expressed as m illigram s of am m onia nitrogen per 100 cc.)
No. of D eterm ined on Added C alculated A ctually
D etns. Yolk Alone to  Yolk T o tal D eterm ined

4 3 .47 1.81 5 .28 5 .23
4 2 .49 1.81 4 .3 0 4 .40
4 3 .4 7 3 .3 8 6 .85 0 .76
4 2 .4 9 3 .3 8 5.87 5 .80
4 3 .47 4 .73 8 .2 0 8 .23
4 2 .49 4 .73 7.22 7 .39

In the procedure for egg white described above, the direc­
tions specify the use of liquid white. Firm white could also 
be used, but the liquid white is much easier to pipet and mix 
with the carbonate solution than the firm white and has the 
same percentage of ammonia nitrogen for the same egg. 
This is shown in Table VI, where the values for the three dis­
tinct layers of egg white for four eggs are given. All the re­
sults are within experimental error. In practice it was found 
satisfactory to slit the firm white envelope and pipet from the 
mixture of outside and inside liquid white.

T a b l e  VI. D i s t r i b u t i o n  o f  A m m o n ia  N it r o g e n  i n  
E g g  W h i t e

(R esults expressed as m illigram s of am m onia nitrogen per 100 cc.)
O utside Liquid Inside Liquid

Egg W hite F irm  W hite W hite
1 0 .1 2 0 .1 0 0.11
2 0 .14 0 .1 8 0.21
3 0 .12 0 .18 0 .12
4 0 .2 0 0.21 0 .20

No. of Ammonia Standard
M aterial Sam ples Nitrogen D eviation

M g ./100 cc.
W hite 83 0 .24 0.086
Yolk 83 2 .3 0 0.287
W hite 16 0 .35 0.137
Yolk 301 2.41 0.280
M ixed whole egg 6 0 .87 0.003

In a large number of eggs of similar history the ammonia 
nitrogen was determined for both white and yolk by the aera­
tion and absorption methods. Both methods were not ap­
plied on the same samples. Reference to Table VII shows 
that in general there was satisfactory agreement between the 
values obtained by the two methods for both white and yolk 
on material of similar nature.

T a b l e  VII. C o m p a r is o n  o f  R e s u l t s  o f  t h e  A n a l y s is  
o f  E g g s  b y  A e r a t io n  a n d  A b s o r p t io n  M e t h o d s

M ethod

A ération

Absorption

A ck n o w led g m en t

The eggs used in this study were kindly supplied by the 
Poultry Section of the Experiment Station.

L itera tu re  C ited
(1 )  Conway, E. J., and Byrne, A., Biochem. J .,  2 7 , 4 1 9  (1 9 3 3 ) .
(2 ) Hendrickson, N . ,  and Swan, G. C., J . I n d . E n g . C h e m ., 10 , 6 1 4

(1 9 1 8 ) .
(3 ) Holst, W. F . ,  and Almquist, H. J .,  Hilgardia,  6, 4 9  (1 9 3 1 ) .
(4 )  S h a r p ,  P. F „  a n d  Powell, C . K . ,  I n d . E n o . C h e m ., 2 2 , 9 0S  (1 9 3 0 ) .
(5) Thomas, A. W., and Van Hauwaert, M. A., Ibid., Anal. Ed., 6,

3 3 8  (1 9 3 4 ) .

R e c e i v e d  F ebruary  8 ,  1936. Published with th e  permission of the  D irector 
of the  E xperim ent S ta tion  as Jou rna l A rticle 251 in . s.).

Estim ation o f  
Oleomargarine in Ice 

Cream
T . H . W H IT E H E A D  a n d  J . B . D U N SO N  

U n iv ersity  o f  G eorg ia , A th e n s , G a.

A m e th o d  for d e te r m in in g  llic  p ercen ta g e  
o f  o leom argarin e  and  b u tte r  fa t  in  ice  
cream  is  g iven , w h ich  co n sists  o f  a m od ified  
R o ese-G o ttlieb  ex tra ctio n  p roced u re c o m ­
b in ed  w ith  a m od ified  R eich ert-M eissl p ro­
cedure. F orm u la s are derived for c a lc u la t­
in g  th e  p ercen ta g e  o f  o leo m a rg a rin e  in  th e  
extracted  fa t , th e  fa t b e in g  ca lcu la ted  in  
th e  u su a l m an n er .

THE lower price of oleomargarine as compared to butter 
fat at present has led some manufacturers of ice cream 
to substitute oleomargarine to some degree for butter fat. 

This may soon bring about serious consequences; it ¿is 
illegal in many states and some investigators (3) have shown 
that ice cream made of olecmargarine is deficient in certain 
vitamins. I t  would seem obviously unfair to sell as ice 
cream a product that is not made of butter fat, but any ruling 
of fair trade competition must first have some basis for 
classification. This problem led the authors to work on a 
method for determining the relative amounts of oleomargarine 
and butter fat in ice cream with a reasonable degree of ac­
curacy. The problem is more difficult than it first seemed. 
Modern homogenizing equipment has made microscopic 
examination and staining almost useless as a means of de­
tecting oleomargarine, and refractive index and specific 
gravity gave no suitable quantitative data. The iodine value 
gave qualitative indication, but because of the diversity of 
oleomargarines on the market did not give quantitative 
confirmation. The Kirschner-Flanders (4) method did not give 
quantitative results when tried on the authors’ samples. 
The usual Reichert-Meissl method (1) was also somewhat un­
satisfactory and gave erratic results.

However, it was found that if the Roese-Gottlieb extraction 
procedure and the Reichert-Meissl procedure were slightly 
modified, a precise method was obtained.

E xp erim en tal

A p p a r a t u s .  The usual apparatus for determining the 
fat percentage in butter was used (2).

R e a g e n t s . Oleomargarine was furnished by the Joseph 
Costa Co., Athens Ga., and had the following composition:

T o ta l fa t 
Oleic oil 
N eu tra l oil 
C ottonseed oil 

M oisture 
S a lt
M ilk solids

Ammonium hydroxide, ethyl alcohol, diethyl ether, and 
petroleum ether as given by the method of the Association 
of Official Agricultural Chemist {2).

Sulfuric acid: 31.5 cc. of acid (sp. gr. 1.83) per liter.

% %
83

34
34
15

12
3
2
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P fÄ  C £ N T  BUTTER. F A T T a b l e  I .  R e ic h e r t - M e is s l  V a l u e s  o f  E x t r a c t e d  F a t

F ig u r e  1. R e l a t io n  o f  R e ic h is r t - M e i s s l  V a l u e  t o  
P e r c e n t a g e  o f  O l e o m a r g a r in e  a n d  B u t t e r  F a t  i n  I c e  

C r e a m

P rocedure
E x t r a c t io n  o f  F a t  f r o m  I c e  C r e a m . The ice cream is al­

lowed to soften at room temperature. The fat soon separates 
and rises to the top, and the sample is then thoroughly mixed with 
an egg beater or other mechanical stirrer.

Aliquot portions of about 100 grams each are accurately 
weighed and the fat is extracted by using 12.5 cc. of ammonium 
hydroxide solution, 50 cc. of ethyl alcohol, 100 cc. of diethyl 
ether, and finally 100 cc. of petroleum ether. After the addition 
of each the mixture is thoroughly agitated in the separatory fun­
nel for 30 seconds, and is then allowed to stand for 20 minutes, 
before separating the layers. As much as possible of the ether- 
fat solution is drawn off into a flask through a small, quick-acting 
filter. A second extraction, with 100 cc. of each ether, is neces­
sary to insure complete removal of fat. The clear solution is 
drawn off through a small filter into the same flask; and the tip 
of the separatory funnel, the filter, and the funnel are washed 
with a few cubic centimeters of a mixture of equal parts of the 
two ethers, free from suspended water. The greatest portion of 
ether is distilled off, and the fat is dried in an oven at 90° C. to 
constant weight . The flask is weighed with a similar flask as a 
counterpoise. The fat is now ready for use, and can conveniently 
be handled at about 40° C. (A volume of about 5.5 cc. at this 
temperature weighs about 5 grams.) After samples have been 
taken from the flask, the fat is completely removed with petro­
leum ether. The weight of the dried flask with residue is de­
ducted to obtain the weight of the fat.

D eterm in a tio n
Weigh out accurately a sample of about 5 grams of extracted 

fat in a tared glass vessel, add 10 cc. of ethyl alcohol and 2 cc. of 
sodium hydroxide solution, and saponify on a water bath (usually 
1 hour).

Allow the flask to cool to room temperature after all alcohol 
has evaporated, taking care to prevent any loss of soap. The 
last traces of alcohol can be removed by waving the cool flask to 
and fro, mouth down. Dissolve the soap in 100 cc. of recently 
boiled distilled water and transfer to a 250-cc. distilling flask. 
Heat the flask up to 60° to 70° C. and add 40 cc. of sulfuric acid 
solution. Drop in a few pieces of pumice stone and connect to 
the condenser. Warm the flask until the fats separate as a 
clear layer, then continue the heating until 110 cc. of distillate 
have been collected in a graduated cylinder. The time of distil­
lation should be between 28 and 32 minutes. Titrate a 100-cc. 
portion of the distillate with standard 0.1 N  sodium hydroxide 
solution, using phenolphthalein as indicator. The Reichert- 
Meissl value is calculated from the usual formula.

R eichert-M eissl value cc. of N aO H  X 1.1 X  5 
gram s of sam ple

The procedure followed was to make up samples of ice 
cream varying from 100 to 0 per cent of butter fat and from 
0 to 100 per cent of oleomargarine, and to analyze these 
according to the procedure outlined above. The results are 
given in Table I and Figure 1.

R eichert-M eissl
Sample B u tte r F a t Oleom argarine Value

% %
1 100.0 0 .00 30 .96
2 80.72 19.28 24.96
3 75.74 24.26 23 .24
4 55.67 44.33 16.65
5 55.33 44.67 16.45
6 32 .36 67.64 10.02
7 0 .0 0 100.00 0 .3 8

Duplicate determinations on butter fat varied ±0.1 in the 
Reichert-Meissl value and ±0.03 on oleomargarine dupli­
cates. Taking 30.96 and 0.38 as reliable averages and the 
slope of the curve in Figure 1 as 0.31, it was possible to obtain 
a formula by substitutions in the classical equation for a 
straight line, y — mx +  b, where m is the slope and b a 
constant.
Per cent of oleomargarine in fat =

30.96 — Reichert-Meissl value
0M

100 — per cent of 
Reichert-Meissl value — 0.38

Per cent of butter fat in fat 

oleomargarine = 0.31

(1)

(2)

R eichert- T heo re ti­
M eissl Calculated cal D evia­

Sam ple Value Percentage Percentage tion
1 5 .5 7 8 2 .0 8 3 .0 - 1 . 0
1 5 .57 18.0 17.0 +  1 .0
2 13.25 57.1 57.2 - 0 . 1
2 13.25 42 .9 4 2 .8 + 0 .1
3 27 .45 11.3 12.0 - 0 . 7
3 27.45 88 .7 88.9 + 0 .7

Since the variation in 0.38 is greater than that in 30.96, it 
is safer to subtract from 100 per cent to get butter fat.

To test this formula, samples of varying composition 
were prepared and submitted for analysis to Mr. Dunson, 
who did not know their composition. The results are shown 
in Table II.

T a b l e  II. A n a l y s e s  o f  U n k n o w n  S a m p l e s

O leom argarine 
B u tte r fa t 
O leom argarine 
B u tte r fa t 
O leom argarine 
B u tte r fa t

The percentage of fat may be calculated as usual.
„  , r . , . . grams of fat X 100Per cent of fat m ice cream = 5------ ----------------grams of ice cream

The composition of this fat is then calculated by Formulas 
1 and 2. The grams of oleomargarine and butter fat can be 
calculated easily and the percentage of oleomargarine in the 
original ice cream sample found by substituting grams of 
oleomargarine for grams of fat.

D iscu ssio n

Although this paper offers no new qualitative differen­
tiation between butter fat and oleomargarine, it does offer a 
more exact quantitative determination, accomplished by 
standardizing the extraction method for ice cream, and by 
increasing the strength of the sulfuric acid in the usual 
Reichert-Meissl procedure. In this way more reliable re­
sults were obtained.

Only vanilla ice cream was used, but the method should 
apply to other flavors, particularly chocolate, caramel, and 
nut flavored ice cream.

The precision and accuracy are evident from the data 
presented.

L itera tu re  C ited
(1) Allen’s Commercial Organic Analysis, 5th ed., Vol. I I , Philadel­

phia, P . Blakiston Son's Co., 1924.
(2) Assoc. Official Agr. Chem., Official and T entative M ethods of

Analysis, 1930.
(3) Ellis, “ Hydrogenation of Oils,” p. 355, New York, D. Van Nos­

tra  nd Co., 1919.
(4 ) Flanders and T ruit, I n d . E n g . C h e m ., Anal. E d., 6 , 2 8 6  (1 9 3 4 ) .  

R e c e i v e d  F ebruary  S, 1 9 3 6 .



The Buffer Capacity o f Tomato Juice
M A R G A R E T H E  O A K LEY  AND JO H N  C. K R A N T Z , J R .

R u rcau  o f  C h em istr y , S ta te  o f  M a ry la n d  D ei>artm en t o f  H ea lth , R a ltim o re , M d.

THE capacity of various biological fluids to resist changes 
in hydrogen-ion concentration upon the addition of strong 
acid or base has been subject to much investigation, and has 

been studied quantitatively and developed mathematically
by Van Slyke (6). Using the Van Slyke expression /3 or
expressing the relationship between the increment in gram 
equivalents of strong base added to the buffer solution and 
the resultant increment in pH, one of the authors measured (3 
for solutions of gums (1), tincture of digitalis (2), carbohydrate 
of burdock (4), and oyster liquor (3).

I t occurred to the au-
ijB—  -----777;------------------- thors that it might prove

of interest to measure 
the buffer capacity of to­
mato juice, and that this 
m e a su re m e n t m ig h t 
serve as a trustworthy 
index to added water or 
purposeful s o p h is t ic a ­
tion.

4 . 0  3 - 0  2 . 0
F i g u r e  1 . B u f f e r  C a p a c it y  o f  

T o m a t o  J u i c e  “ A c id ”

E xp erim en ta l

Six standard grades of 
tomato juice, one juice 
prepared in this labora­
tory from sound, ripe 
tomatoes, and certain 
samples of tomato pulp 
were investigated. Sam­
ples of the juice CIO cc.) 
were treated with vary­
ing quantities of 0.1 N  

hydrochloric acid and sodium hydroxide solutions, respec­
tively. The pH a t 25° =*= 1° C. of the various solutions 
was determined with a Wilson-type (7) hydrogen electrode.

After the addition of acid to one sample and subsequent 
pH measurements, another portion was filtered and the serum 
treated in the same manner. The measurements made on 
the whole juice were practically identical with those made on 
the serum, indicating that the buffer capacity of the juice 
resides in the soluble constituents and not in the pulp.

The buffer capacities of the various serums to acid were 
studied individually and observed to be remarkably uniform. 
The juice prepared in this laboratory and the six commercial 
samples were practically identical in this respect. The buffer 
capacity of a composite sample is shown in Figure 1. The pH 
values of untreated juices obtained agree well with those 
determined by Mitchell (5) using the glass and hydrogen 
electrodes.

The addition of strongly dissociated alkali to the same 
tomato juice serums gave variable results, as shown by 
Table I.

T a b l e  I .  E f f e c t  o f  A d d it io n  o f  A l k a l i

NTo.
0.1 N  

, N aO H No. 64 No. 65
----------pH  of S erum ----------

No. 66 No. 67 No. 68 No. 69 Fresh

1

Cc.

0 .0 4 .09 4.11 4 .14 4 .1 8 4 .09 4.13 4.14
2 2 .0 4 .51 4 .5 5 4 .6 0 4 .7 6 4 .67 4 .65 4 .64
3 4 .0 5 .0 5 5 .29 5 .3 4 5.74 5 .3 5 5.47 5.44
4 6 .0 5 .94 7 .17 7 .8 0 8 .5 8 6 .57 7.97 6 .86
5 8 .0 8 .2 8 9 .1 0 9 .03 9 .33 8.93 8.96 8 .88
6 10.0 9 .2 4 9 .3 2 9 .5 5 9 .8 9 9.74 9.53 9 .57

F ig u r e  2 . A c t io n  o f  0 .1  ¿V S o d iu m  H y d r o x id e  
o n  T o m a t o  J u i c e

As the buffer capacity of these samples varied so widely 
with respect to added alkali, it occurred to the authors to 
study the influence of added water on the buffer capacity of 
the serum with respect to added alkali. This was tested first 
on serum filtered from concentrated commercial pulp, and 
then after dilution of this with water. A marked diminution 
in the buffer capacity was observed when water was added.

Figure 2 shows the buffer capacity of the composite sample 
of serum upon the addition of strong alkali prior to and after 
the addition of varying quantities of water.

Other physical factors on the commercial juices were de­
termined and are set forth in Table II.

T a b l e  II. C o m m e r c i a l  J u i c e s

No. Solids Ash N aCl
% % %

64 6.08 1.22 0 .84
65 6.44 1.05 0.66
66 6 .80 1. 13 0.76
67 6 .4 0 1.20 0 .8 0
68 6 .52 1.08 0 .7 0
69 5 .3 9 0 .9 0 0.63

Fresh 4 .7 0 0 .53 0 .06

There seems to be little correlation between these data 
and the buffer capacity to alkalies. However, when these 
values are modified by sophistication in the form of added 
water the buffer capacity to alkali is markedly influenced. 
This condition did not obtain in respect to the addition of 
acid to the various serums. This is due in all probability to 
the citric acid content in the form of primary and secondary 
alkali citrates. The addition of alkali completely neutralizes 
the acid and thus de­
stroys the naturally 
occurring buffer mix­
ture. On the other 
hand, in the presence 
of added strongly dis­
sociated acid, the buf­
fer mixture is not 
markedly disturbed.

In order to repre­
sent graphically the 
effect of added water 
on the buffer capacity 
with respect to alkali,
Figure 3 was con­
s t ru c te d  from  th e  
data in Figure 2. The 
ordinates designated

F i g u r e  3 .  I n f l u e n c e  o f  S o d iu m  
H y d r o x id e  o n  T o m a t o  J u i c e  w it h  

A d d e d  W a t e r

205
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as “buffer per cent” were calculated as follows: The pH 
of the composite serum and the change caused by the ad­
dition of 0.06 mole of sodium hydroxide per liter were 
determined. The difference in pH between these two values 
was considered as the norm. With the sample diluted with 
water this difference successively increased. These increased 
differences divided into the norm and multiplied by 100 were 
designated as “buffer per cent.” As these values diminish in 
magnitude they indicate decreased buffer capacity or, as a 
parallel, the quantity of added water.

In order to determine the possible application of this 
principle to the determination of added water, commercial 
samples were studied along with other juices pressed from 
sound, ripe tomatoes in this laboratory. The data are shown 
in Table III.

T a b l e  III. D e t e r m i n a t i o n  o f  A d d e d  W a t e r
 ------------------ p H  of Serum -------------------.

10 per cen t 30 per cent

No.
pH  of 
Serum

0.06 mole 
N aO H  per 

liter

w ater w ith 
0.06 mole 
N aO H  per 

lite r

w ater with 
0.06 mole 

N aO H  per 
lite r

1 4.11
Com m ercial Sa 

8 .6 0
mples

9 .09 9 .8 5
0 4 .2 0 8.56 9 .07 9 .9 5
3 4 .18 8 .6 0 9 .03 9 .73
4 4 .07 8 .67 9.06 9 .75
5 4 .13 8 .15 8 .6 0 9 .56
6 4 .05 6 .46 8 .0 0 9 .0 0
7 4.03 6 .59 8 .11 9 .12
8 4 .0 9 8 .1 5 8 .75 9 .4 5
9 4. 12 7 .95 8 .75 9.57

10 4 .17 8.32 8 .84 9 .43
11 4 .22 8 .86 9 .4 0 10.23

1
Freshly  Prepared  Samples 

4 .24  6 .7 0  8.21 9 .37
0 4 .3 8 8 .5 0 9 .0 8 9 .7 8
3 4 .44 8 .3 5 8.71 9 .2 9
4 4 .25 7 .78 9 .5 5 10.81
5 4 .3 5 8 .63 9 .14 9 .92

Table I I I  confirms the finding of marked diminution in 
buffer capacity to alkali of both commercial and freshly

prepared tomato juices when water is added. Although the 
juices showed rather great variations in their buffer capacities, 
it seems reasonable to suspect that should the pH exceed 
8.75 on a sample of tomato juice serum after the addition of 
0.06 mole of sodium hydroxide per liter, water has been added 
to the extent of approximately 10 per cent. With a pH 
between 9.00 and 11.00, when treated with the same quantity 
of alkali, one might suspect the addition of approximately 
one-third volume of water.

S u m m a ry

The buffer capacity of six commercial samples of tomato 
juice has been measured with respect to strong acid. The 
Van Slyke /3 is 0.033. Added water does not markedly in­
fluence this value.

Tomato juices show considerable variation in their capacity 
to resist change in pH upon the addition of strong alkali. 
These values do not correlate well with normal differences 
found in total solids, salt content, ash, and refractive index.

The buffer capacity of the serum with respect to added 
alkali diminishes with increased added water.

I t is possible to employ the measurement of buffer capacity 
corroboratively as means of detecting added water in tomato 
juice.
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The H ill Method for Solubility Determ inations
T H E O D O ltE  W . E V A N S, S h e ll C h em ic a l C o m p a n y , M a rtin e z , C alif.

IT>OR determining the mutual solubilities of a pair of 
. partially miscible liquids several direct experimental 
procedures are available. Alexejeff (1) described the well- 

known and widely used synthetic or cloud-point method as 
early as 1SS6, while in 1923 Hill (7) devised a very ingenious 
method based on phase rule considerations. In the Hill 
method the procedure is essentially as follows: Weighed
amounts of the two liquids are introduced into a suitably 
graduated flask (a mixing cylinder, for example), shaken 
until equilibrium is reached, the phases allowed to separate, 
and the volumes of upper and lower layers read. The experi­
ment is then repeated with a different ratio of starting ma­
terials. Now let
mi, ill; = weights of lighter and heavier liquids taken in the first 

experiment
in j ,  tnt —  weights of lighter and heavier liquids taken in the sec­

ond experiment
i'i, t': = volumes of upper and lower layers obtained in the first 

experiment
i'j, v, = volumes of upper and lower layers obtained in the sec­

ond experiment 
= grains of lighter liquid per cc. of upper layer (at satura­

tion)
j/i — grams of lighter liquid per ee. of lower layer (at satura­

tion)
j s = grams of heavier liquid per cc. of upper layer (at satura­

tion)
t/; = grams of heavier liquid per cc. of lower layer (at satura­

tion)

Then to determine the x ’s and y ’s we have

ViXi + ivji = m i viXi 
I'jXi +  Vii/! = "'3

These equations when solved yield

VlX s +  V it/ i  =  » ! 2 
V3X2 + v,yi = m,

Zl =
m,v, m sv 3

t’it’4 — t>2i'a
n h i ' i  — m , v ,

I'lVl — ViVi

2/1 = 

y~

m,Vi m iVj
v ,v t  —  V-tV, 

m, t’i — m2v, 
V iVi — V2V3

As Hill has pointed out, this method is simple in application 
and has the advantage that besides yielding the solubility 
figures it also gives the densities of the two layers (as grams 
per cc.):

di = it  +  x. d. = iji + y.

One of the first questions to arise regarding this method 
was the proper choice of i’i, v;, v3, and r, so as to obtain the 
greatest possible accuracy (9). Hill advocated the use of 
special equipment, so that a total volume of around 400 cc. 
could be used in each experiment, although he also pointed 
out that an ordinary 100-cc. mixing cylinder gave good results. 
For the proper choice of the ratio of t'i to rs Hill and Malisoff 
(S) deduced that the materials should be taken so as to make-

= — in order to obtain the maximum accuracy inn
I1»
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determining xi, with similar expressions for the other variables. 
These conclusions' were based on certain rather arbitrary 
assumptions which are not likely to prevail in practice. 
Briefly, these assumptions require no error in measuring f2 and 
v3, and equal errors in sign and magnitude in measuring v\ 
and u4. Because of the convenience of this solubility method 
it seems desirable to investigate this point further and de­
termine suitable volume ratios when the errors in measuring 
the volumes are assumed independent of one another. Such 
a general choice for the v’s may be determined in the following 
manner:

I t is assumed that the accuracy with which the liquids are 
weighed is sufficiently great so that errors from this or any 
other source can be neglected in comparison with errors in 
reading the volumes. In this case the m’s can be considered 
constants. Under these conditions, if Vi, v2, t% and t>4 denote 
the true volumes, then the changes in the x’s and y’s produced 
by small errors dvh etc., in reading the volumes are given 
approximately by

d x  i

d x2

dyi

m, , -----5 dv3 -  ai± dvi«3S V2V3

J M d v t -  7Jh dv3
V2 V3 Vi2
?n3 , -------dv 1 7!h dv2V2V3 v22
m 2 , -----5 av2 1Hi dv 1
V2 2 V2V3

d x2 =

diji =

d y 2 =

(m 3 v2vi — m iv ^ d v i  +  (m  ,y3Vj — m 3viv,)dv2 +  {m iVjVi — m 3v22)dv3 +  Qn3ViVi — n i i v ^ d v ,
(vtv, — v2v3y

(m,v2v, — m2v,i)dui + (m2v3v, — m,vlv,)dv2 +  (m2v2vt — »uvfldvj +  {»UV1V2 — m2v2v3)dvi
(VlV< -  tWj)*

(m  iv3vt — v i z v ^ d v j  +  (m 3 VjV3 — m iv3*)dv2 +  (m 3viv2 — m iv,vi)dv3 +  ( '» iViVi — m 3vi2)dv,
(v,v, -  v2v3y

(7ii2v3vt — m,ViV3)dvi +  (wtjPiP» — m 2v3*)dv2 +  (nit v m  — m 2ViVi)dy3 +  (» laW a — m ,v r )d v ,
(vivt — 1>2v3)-

If finite values of the v’s could be found which would make 
all the parentheses in the numerators equal zero, and at the 
same time vm — v2vz 9̂  0, then such a choice would be best 
in practice. Such values apparently do not exist. Thus, 
examining the coefficient of dvi in the expression for dx¡, we 
would have m3v2vi — triiVi2 =  0. Both v2 and t>4 cannot equal 
zero, since in tha t case Viiu — v2v3 =  0. Assuming Vt 0, 
this condition becomes m3v2 — rthVi =  0. If absolute accuracy 
were secured in the experiment then

Vi =
rrijX 1 — m 3 x 2 
x iy 2 -  x 2y i

v2 = m2xi — W1X2 
Xiyt — X'jji

Substituting these values we have

XiCr/iiMi — m 2m 3) 
x iy 2 — x 2yi

n mi— 0 or — = m2
m 3 in.

Hence the requirement tha t the coefficient of dv 1 be zero is 
satisfied only under conditions such tha t the original equations 
do not define the x ’s and y’s uniquely. (The previously cited 
conclusions of Hill and Malisoff may be derived easily from 
the foregoing equations. For example, it is necessary to 
assume in the expression for dx 1 th a t v2 =  v3, Vi =  vt = kv2, 
dv2 =  dv3 =  0, dv 1 =  dvt, and then set the numerator of the 
fraction equal to zero.)

While it is impossible to choose the conditions such that 
the dx’s and dy’s are zero for all values of the dv’s, nevertheless 
a suitable choice of the i/’s may suffice to make the dx’s and 
dy’s relatively small. Inasmuch as the dx’s and dy’s are 
expressed as fractions, and all the fractions have the same 
denominator, it seems plausible that if the v’s are chosen so 
as to make this denominator a maximum the most suitable 
general choice of the v’s will have been made. This may be 
accomplished by making both »1 and vt (or v2 and v3) as small 
as is experimentally possible, and the other volumes cor­
respondingly large. Under these conditions, as vi and Vt 
both approach zero, the errors introduced by small errors in 
reading the volumes become roughly the following:

d y2 =  -

Unless the liquids are fairly soluble in each other, the 
coefficient of the last term in each of the above expressions is 
small in comparison to the preceding one.

Granting this choice of volumes to be the most suitable, 
it is evident that the solubility bottles should be such as to 
permit accurate reading of both the total volume and the small 
volume of upper or lower layer as the case may be. One such 
type of bottle is the so-called oil centrifuge bottle shown in 
Figure 1. These bottles hold approximately 50 cc., and have 
their necks graduated directly to 0.05 cc. over a 5-cc. volume,

the distance between gradua­
tions being approximately 1.3 
mm. Consequently, by cali­
brating the graduations it is 
possible to read both the total 
volume and a small upper layer 
volume to about 0.025 cc. For 
the other measurement, involv­
ing a small lower layer, the stand­
ard c e n tr ifu g e  tu b e s  w ith  
tapered bottoms might be used, 

except that they afford poor accuracy in the total volume 
determination. Consequently it seems best to use the same 
oil centrifuge bottle, with the modification of introducing 
about 0.5 cc. of mercury originally. As before, the total vol­
ume is readily secured, while by inverting 
the tube the volume of lower layer may be de­
termined, since the mercury seals off the un­
calibrated portion of the tube. Another simi­
lar type of bottle, known as the Babcock bottle, 
has a slightly smaller neck which is gradu­
ated for a volume of 1.8 cc. in 0.02-cc. di­
visions. A special bottle may obviously be 
constructed having a small graduated well in 
the bottom, which should be very suitable 
for this type of measurement.

The advantages of using this type of bot­
tle are (1) the bottle is a standard, inex­
pensive article of manufacture; (2) relatively 
small quantities of liquid are required for fair 
precision, and (3) the bottle may be readily 
centrifuged, thus giving a quick and complete 
separation of the phases. With the larger, 
specially built flasks centrifuging is virtually 
impossible and phase separation often difficult.

To give an idea of the accuracy which can 
be attained by the use of this type of equip­
ment the preceding set of equations may be 
evaluated for different choices of the variables.
Using the oil bottle which is graduated di­
rectly to 0.05 cc., the volumes of the phases 
should be accurate to within 0.025 cc., while the 
larger phase will be about 50 cc., and the 
smaller about 1 cc. in volume. Assuming values for Xi, y\, x2, 
and y2 of 0.6, 0.2, 0.2, and 0.7, respectively, an error in each 
volume of 0.025 cc. can introduce an error of approximately 
0.0004 in Xi and yh and 0.0005 in x2 and y2. Consequently 
the solubility percentages obtained should not differ from the 
true values by over 0.1 per cent in absolute value, and the 
density should be accurate to within 0.001. If the individual
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volumes are in error by as much as 0.05 cc., then the solubility 
figures can differ from the true values b3r 0.2 per cent and the 
density be incorrect by 0.002. This assumes, of course, that 
the starting materials are pure, that there are no handling 
losses, and that equilibrium is reached, so that only errors 
in measurement need be considered. This degree of accuracy 
is sufficient for many purposes, and consequently this method 
can be used conveniently in these cases.

represent water solubility measurements for several types of 
organic compounds ranging from a fairly soluble material 
such as secondary butyl alcohol to a fairly insoluble one such 
as chloroform. Wherever available the corresponding data 
obtained by other methods are given for comparison. The 
agreement is generally satisfactory, and where there are dis­
crepancies these seem to be due in part to differences in the 
purity of the starting materials.

W ater S a tu ra ted Substance S a tu ra ted
w ith  Substance w ith W ater

a t  20° C. a t 20 ° C.
%  A d\o % A dl°
18.5 0.971 64.4 0 .880
26 .7 0.962 87.9 0.836

4 .8 0 .990 98 .5 0 .745
1.25 0.995 99 .3 0.771
0 .8 1.001 99 .8 1.486

T a b l e  I. W a t e r  S o l u b i l i t y  M e a s u r e m e n t s

Substance 
Secondary bu ty l alcohol®
M ethyl e thyl ketone^
M ethyl ¿eri-butyl e ther c 
M ethyl /eri-am yl ether«*
Chloroform*

a Clough and Johns give th e  values 17.85, 0.9732, 64.17, 0.8797 (S). 
Earlier work by  Tim m erans gives percentages of 20.2 and  63.8.

b A p lo t of M arshall's  d a ta  gives m ethyl e thy l ketone s a tu ra ted  w ith w ater 
as 88.0 per cent ketone (10).

c B ennet and Philip give percentages of 5.83 and 97.46. T heir sam ple of 
e ther was less jmre th a n  th a t  used here, boiling lower and  having  a higher 
density , indicating  th e  probable presence of alcohol (2 ).

** D eterm inations by  the  syn thetic  m ethod have given percentages of 1.15 
and  99.4 (4).

e Gross and  Saylor, using an in terferom eter m ethod, give values for w ater 
sa tu ra ted  w ith chloroform  of 0.77 per cent a t  30° C. and 0.84 per cent a t 
15° C. (<?). G ibby and H all by  the  syn thetic  m ethod found chloroform  
sa tu ra ted  w ith w ater to  contain  99.93 per cent of chloroform  (5).

As examples of the results obtained using the apparatus 
described above, the data in Table I are presented. They

S u m m a ry
The Hill method for solubility determinations has been 

investigated and a suitable general choice determined for 
the volume ratios employed. A simple and inexpensive 
apparatus is described for carrying out the determinations and 
experimentaj results obtained with this apparatus are given.
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A M anipulator for Glass B low ing
V IN E S C O L L IE R , J R ., G eo rg eto w n  U n iv ers ity  S c h o o l o f  M ed ic in e , W a sh in g to n , D . C.

AS IT IS extremely awkward and tiring to manipulate 
large and bulky pieces of glass in glass blowing, it has 

been customary to employ some sort of rest for the object being 
worked. After some experience of this kind the author has 
designed and constructed the device illustrated. While the 
idea is not new, the design is and has been found ideally suited 
for handling any type of apparatus ordinarily constructed in 
the laboratory. This manipulator offers extreme flexibility 
in use, due to its wide range of adjustment.

The actual working parts are mounted on a solid brass rod, C, 
with a slotted hinge joint, E, which permits adjustment at any 
angle to the horizontal. This rod works in a hollow brass tube,

B, with a set screw, D, so that it may be adjusted for height. 
The hollow rod is mounted in a heavy base, A. In the author’s 
instrument the hollow tube is 11 cm. high, but this, of course, de­
pends upon the size of the blast lamp being used. The solid 
brass rod, which should fit snuglv into the hollow one, is 12.5 cm. 
from the bottom to the axis of the hinge joint, which is made by 
slotting the solid rod and rounding off the top surface. A 2.5-cm. 
piece of brass, F, 13 mm. square, is worked down to fit the slot and 
the two pieces are then drilled and tapped to take a set screw, G. 
To the top of this square piece of brass another piece of brass, H, 
13 mm. square and 15 cm. long, is joined by two screws in the 
center, to form a runner for the two carriages, 1. I t is grooved 
all the way through except for about 2 cm. in the center where the 
screws attaching it to the upright pass through. It was neces­
sary to place a screw at each end to keep it from warping. The 
top surface is milled down at an angle to fit into a cross groove in 
the bottom of each carriage.

The carriages, made of two 15-cm. pieces of brass 13 X 20 mm. 
are held on the runner by set screws, J . They are grooved all the 
way through except for 1.5 cm. in the center and are fastened at 
cach end with a screw to prevent warping. The carriages are 
then milled to carry the uprights, K, which are made of 7.5-cm. 
pieces of brass 13 mm. square.

The bottoms of the uprights are milled to fit snugly into the 
carriage groove where they are held in place by set screws, L. 
The tops of the uprights are slotted to carry Bakelite or fiber 
wheels, .1/, with a diameter of 2.5 or 3 cm. These wheels, which 
carry the glass, should be free to rotate easily.

When constructed in this manner it is possible to carry any 
diameter of tubing. The wheels on which the tubing rests 
permit it to be rotated easily and at any desired speed without 
tiring the hand by supporting. The carriages may be set 
close together to carry short pieces of glass or far apart to 
support longer and heavier pieces. The whole instrument 
may be tilted and used at any angle desired.
R e c e i v e d  M arch 2 3 , 1936 .



A New Reagent for Potassium
I. Qualitative

A. W. CLA RK  AND C. 0 .  W IL L IT S , N ew  Y ork S ta te  A g r icu ltu ra l E x p er im en t S ta t io n , G en eva , N . Y .

THE solubility of the disodium salt of 2,4-dinitro-l- 
naphthol-7-sulfonic acid as compared with the dipotas­
sium salt has suggested its use as a reagent for the detection 

of potassium. The present investigation is a study of its 
applicability for this purpose. Both the disodium and di­
potassium salts are known as naphthol yellow S, but the prod­
uct usually found on the market is the disodium salt and is 
the compound designated in this paper as naphthol yellow S.

Naphthol yellow S reacts readily with potassium to form a 
very bulky, flocculent, orange-yellow precipitate. The rate 
a t which precipitation occurs is dependent upon the concen­
tration of the reagent and of potassium.

G eneral P rocedure
To determine the sensitiveness of naphthol yellow S as a 

qualitative reagent for potassium, it was dissolved in water, 
and concentrations of 5 and 2 per cent and a solution satu­
rated at room temperature were used. The 5 and 2 per cent 
solutions were prepared by heating 5 and 2 grams, respec­
tively, in 100 ml. of water until all the naphthol yellow S was 
dissolved and then keeping these solutions a t a temperature 
of 50° C. or more. This was necessary since the concentra­
tion of a solution saturated at room temperature is less than
1.5 per cent. In each series of experiments the same volume 
of test solution was used with varying concentrations of po­
tassium as potassium sulfate. To each was added the same 
volume of reagent of a given concentration, and the mixtures, 
after shaking, were allowed to stand at room temperature.

S e n s it iv e n e s s  o f  N a ph t h o l  Y e l l o w  S a s  a T e s t  f o r  
P o t a ssiu m . The following experiments show the sensitive­
ness of the reagent in the absence of all other cations: (1) 
three milliliters of a 5 per cent solution of the reagent were 
added to 10 ml. of test solutions of various concentrations of 
potassium. (2) This was repeated using a 2 per cent solution. 
(3) Five milliliters of a solution of the reagent saturated at 
room temperature were added to 1 ml. of test solution of vari­
ous concentrations of potassium. The results are given in 
Table I.

T a b l e  I. S e n s i t i v e n e s s  o f  N a p h t h o l  Y e l l o w  S  a s  a  T e s t  
f o r  P o t a s s i u m

Potassium Tim e E lapsed before Appearance of P recip ita te
Ex­ in S a tu ra ted  so lu­
peri­ R eaction 5 per cent 2 per cent tion  of
m ent M ixture reagent reagent reagent

M g./m l. M in . M in . M in .
1 7 .87 0 1
2 3 .94 Less th an  1 4
3 3 .1 5 1 10
4 2 .36 2 15
5 1.57 3 30 9
6 0 .79 8 65 40
7 0 .39 16 4 hours 5 hours
8 0 .03 M ore th an  6 .5  hours N o p p t. form ed N o p p t. formed
9 0 .00 M ore th a n  6 .5  hours N o p p t. form ed N o p p t. formed

Using a 5 per cent solution, a blank test should be run, 
since this concentrated reagent crystallizes out on long stand­
ing. To avoid the necessity of running a blank, a more dilute 
solution was used. The reaction of a solution saturated at 
room temperature was too slow for practical use.

The use of a 2 per cent solution is recommended, since it 
obviates the necessity of running a blank, although its sen­
sitivity is less than the 5 per cent solution, as shown by the 
increase in time required to cause precipitation. Using a 5 
per cent solution, the bulk of the precipitate and the length

of time required for its formation will enable one to differen­
tiate between the blank and the potassium precipitate where 
the amount of potassium is 0.4 mg. or more per ml. of reaction 
mixture.

E f f e c t  o f  So d iu m  I o n s . Ten milliliters of sodium chlo­
ride solution containing 0.1030 gram of sodium were mixed 
with 10 ml. of potassium sulfate solution and 6 ml. of naph­
thol yellow S were added. The concentrations of the potas­
sium sulfate solutions were varied and all other factors kept 
constant. The results, compared to other solutions contain­
ing only the reagent and potassium sulfate of the same con­
centrations, are shown in Table I I .

T a b l e  II. E f f e c t  o f  S o d iu m  o n  D e t e c t i o n  o f  P o t a s s i u m  
b y  N a p h t h o l  Y e l l o w  S

Potassium Sodium
in in Tim e elapsed

E xperi­ R eaction Reaction R atio  of before Appearance
m ent M ixture M ixture Na to K of P recip ita te

M g./m l. M g ./m l. M in .
1A 3.93 3.96 1:1 1
IB 3.94 Less th a n  1
2A 1.96 3 .96 2:1 4
3 A 1.57 3 .9 6 2.52:1 8
3B 1.57 2
4A 1.18 3 .9 6 3.35:1 15
5 A 0 .7 9 3 .96 5.03:1 30
5B 0.79 8
6 A 0.39 3 .96 10:1 65
6B 0 .3 9 16
7 A 0 .1 9 3 .9 6 20:1 Less th an  24 hours
8A 0.02 3.96 26.4 :1 N o p p t. form ed
9B 3.96 No p p t. form ed

The amount of precipitate obtained in the A and B series 
was much the same, but there was a marked difference in 
physical appearance. The solution containing sodium pro­
duced an orange precipitate of a finer texture, which settled 
much more readily. The most noticeable effect of the sodium 
was that about four times as long was required to produce a 
precipitate. Increasing the ratio of sodium to potassium 
appeared to have little or no effect.

Ot h e r  I n t e r f e r e n c e . Ten milliliters of test solution con­
taining 80 mg. of one of the cations commonly associated with 
potassium and 3 ml. of a 2 per cent solution of the reagent 
were mixed and set aside a t room temperature. The cations 
tested were the chlorides of lithium, sodium, and ammonium, 
and sulfate of magnesium. At the end of 24 hours no precipi­
tate was formed, but the test containing ammonium gave a 
slight precipitate in 48 hours.

Rubidium and cesium, the other two alkali metals asso­
ciated with potassium, are so infrequently encountered that 
interference from these elements is not likely to occur.

D e t a i l s  o f  P r o c e d u r e .  T o  10 ml. of the aqueous solution 
to be tested, containing only the soluble group, add 3 ml. of a 2 
per cent solution of naphthol yellow S  and set aside at room tem­
perature. The appearance of a precipitate in 65 minutes or less 
will indicate the presence of 0.79 mg. of potassium or more per ml. 
of reaction mixture. As an alternative procedure, 3 ml. of a 5 
per cent solution of the reagent may be used, with a blank test 
run under the same conditions. The appearance of a precipitate 
in 20 minutes or less at room temperature will indicate the pres­
ence of 0.39 mg. or more of potassium per ml. of reaction mixture.

D iscu ss io n
The salts of potassium are very soluble in water and so the 

number of reagents that will detect 1 part of potassium in
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2500 parts of solution are comparatively few (1 ). They are 
phosphotungstic acid, sodium 6-chloro-5-nitro-m-toluene sul­
fonate, and sodium cobaltinitrite.

Phosphotungstic acid easily forms supersaturated solutions 
and so is unreliable. The other two react readily with am­
monium, which necessitates its removal before the test is 
made. Sodium cobaltinitrite, the most sensitive reagent for 
potassium, easily decomposes and as such is useless for the test.

Naphthol yellow S is a stable reagent which will detect at 
least 1 part of potassium in 2500 parts of solution and the 
presence of sodium and ammonium ions does not interfere 
with the test.

S u m m a ry
A 2 per cent solution of naphthol yellow S, used in the ratio 

of 3 ml. of reagent to 10 ml. of test solution, is recommended 
for general use as a test for potassium.

For test solutions containing less than 0.79 mg. of potas­
sium per ml., 3 ml. of a 5 per cent solution of the reagent to 
10 ml. of test solution should be used. This necessitates 
running a blank.

The reagent will detect 1 part of potassium in 2500 parts 
of solution.

The presence of sodium does not interfere with the test but 
does increase the length of time before precipitation occurs.

Ammonium and other cations commonly associated with 
potassium do not interfere with the test.

L itera tu re  C ited
( l)  Lutz. O., Z. anal. Chem., 59, 145 (1920).

R e c e i v e d  April 3 , 1 9 3 6 . A pproved by  the  D irector of th e  New Y ork S ta te  
A gricultural E xperim ent S ta tion  for publication  as Jou rna l P aper No. 133 , 
M arch 2 6 ,1 9 3 6 .

Action o f 4-Nitrocatechol as a Titration Indicator
S . R . CO O PER AND V. J . T U L A N E , H ow ard  U n iv e r sity , W a sh in g to n , D . C.

BENEDIKT (1), who first mentioned 4-nitrocatechol, 
obtained it by the action of dilute sulfuric acid upon 

a dilute solution of a mixture of catechol and potassium nitrite. 
He stated that this substance was yellow under acid conditions 
and red under alkaline conditions, and should be an excellent 
indicator for acid-base titrations.

The object of this investigation was to ascertain if 4-nitro­
catechol could be used in titrations and the type of titrations 
in which it could be employed.

P r e p a r a t io n  o f  R e a g e n t s . The 4-nitrocatechol was pre­
pared by the method of Benedikt (/), and was further purified 
by distilling the solid in a vacuum of 2 mm. and collecting 
the portion which came over between 190° and 210° C. The 
distillate was dissolved in ether and filtered, and the ether 
allowed to evaporate. A light yellow product which melted 
a t 174° C. was obtained.

Approximately 0.1 N  solutions of hydrochloric, nitric, 
acetic, and oxalic acids, sodium hydroxide, sodium carbonate, 
and ammonium hydroxide were prepared.

C o lo r  C h a n g e s  a nd  C o n sta n ts  o f  I n d ic a t o r . The indi­
cator changes from very light straw color under distinctly 
acid conditions to lemon yellow and finally to red as alkali 
is added to a solution containing it. The change from straw 
color to lemon yellow is sharp and that from lemon yellow to 
red gradual.

The ionization constants were determined by using a 
Bausch and Lomb hydrogen-ion colorimeter and checking 
the pH of the buffer solutions employed by means of a Queen 
potentiometer, using the customary hydrogen-calomel com­
bination. The pKa for the first hydrogen was found to be 
6.56 and for the second hydrogen 11.33 at 25° C. Gilbert, 
Laxton, and Prideaux (2) found the pKa for the first hydrogen 
to be 5.56 and for the second hydrogen 10.96 by employing a 
similar method.

The ranges of the color changes were obtained by observing 
the colors produced in a series of buffer solutions. The 
pH range for the change from straw color to red was found to 
be 3.92 to 10.57, and from straw color to lemon yellow 3.92 to 
6.34 a t 25° C.

T it r a t io n s . Titrations of acids with bases were made by 
using the appropriate indicator in each case. These were com­
pared with similar titrations made by employing a 1 per cent 
aqueous solution of 4-nitrocatechol as the indicator. The 
color change used to designate the end point when this

indicator was employed was from straw color to lemon yellow. 
In the case of sodium carbonate the salt was treated with a 
slight excess of hydrochloric acid, boiled to free the solution 
from carbonic acid, and then back-titrated with sodium 
hydroxide solution when the 4-nitrocatechol was used as the 
indicator.

T a b l e  I. T i t r a t i o n s  o f  A c id s  w i t h  B a s e s »

Ind ica to r

M ethy l orange
Phenolph thale in
4-N itrocatechol

M ethy l orange 
4-N itrocatecnol

Pheno lph thale in
4-N itrocatechol

Acid Base
R atio

(A cid/B ase)
M l. ■ M l.
HC1 N aO H

2 5 .0 2 0 .8 1.20
25 .3 21 .2 1 .19
26 .68 22 .22 1 .20

HC1 N H 4O H
25 .06 25.44 0.985
25.02 25 .34 0.987
HNOa N aO H
25 .0 20.69 1.208
2 5 .0 20.60 1.214

a T he values are the  averages of several titra tions.

D iscu ss io n

The authors feel that the differences between the constants 
which they have obtained and those obtained by Gilbert, 
Laxton, and Prideaux {2) were due to a difference in the purity 
of the two compounds. Their compound was described as 
being light brown and melting a t 173 ° C., whereas the authors’ 
compound was light yellow and melted a t 174° C., and the 
product obtained before vacuum distillation was light brown. 
During the distillation a light brown product came over first 
and then a yellow distillate which was collected and used in 
the authors’ study.

The 4-nitrocatechol is useful for titrations of strong acids 
with strong bases and strong acids with weak bases, but can­
not be used in titrations of weak acids. A strong oxidizing 
acid like nitric did not affect its operation, but on the other 
hand it did not function well in a solution containing much 
carbon dioxide.

S u m m a ry

A 1 per cent aqueous solution of 4-nitrocatechol has been 
employed for titrations of nitric acid with sodium hydroxide, 
hydrochloric acid with ammonium hydroxide, hydrochloric 
acid with sodium hydroxide, and sodium carbonate with 
hydrochloric acid.
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The action of the indicator is affected by carbon dioxide, 
but not by a strong oxidizing acid like nitric.

The indicator changes from a very light straw color under 
acid conditions to lemon yellow and finally red as alkali is 
added, the first change being sharp and the second gradual.

The pH range for the change from straw color to red was 
found to be 3.92 to 10.57 and for the change from straw color 
to lemon yellow 3.92 to 6.34 at 25° C.

The pKa for the first hydrogen was found to be 6.56 and 
for the second hydrogen 11.33 at 25° C.

L itera tu re  C ited
(1) Benedikt, R., Ber., 11, 362-3 (1878).
(2) Gilbert, F. L., Laxton, F. C., and Prideaux, E. B. R., J . Chcm.

Soc., 1927, 2295-308.

R e c e i v e d  Ju ly  18, 1935.

Determ ination o f Small Amounts o f Potassium  
by Means o f Silver Cobaltinitrite

R E X  J . R O B IN SO N  AND G A R T H  L. P U T N A M , U n iv e r sity  o f  W a sh in g to n , S e a tt le , W ash .

THE determination of small quantities of potassium is of 
prime importance in the study of biological fluids, soil 
extracts, and fresh waters. Because of incomplete precipita­

tion when there is less than 0.100 mg. of potassium per ml., 
the widely used method based on precipitation with sodium 
cobaltinitrite leaves much to be desired (7, 11). Even when 
the potassium concentration is 0.150 mg. per ml. or more, 
satisfactory results are obtained only because of compensation 
of errors of rather large magnitude (7, 13). Taylor (14) has 
shown tha t the sensitivity of the method is increased with 
an alcoholic precipitation medium. Reported below are 
preliminary experiments with the sodium cobaltinitrite 
reagent establishing the lower limit of each of these pro­
cedures. From these data it is apparent that neither method 
possesses the sensitivity necessary for the direct determination 
of extremely small amounts of potassium, such as are found 
in most lake and river waters. Since concentration by 
evaporation in quartz or platinum is time-consuming and 
requires expensive equipment, a direct determination would 
be most desirable for water analysis. The silver cobaltinitrite 
method of Breh and Gaebler (2) appeared to offer the most 
promise for such a direct determination. Using a modifica­
tion of this method, smaller amounts of potassium than re­
ported elsewhere in the literature have been determined.

C olo r im etr ic  D e te r m in a tio n  o f  N itr ite

Heretofore the most sensitive method for the determination 
of potassium has been based upon the precipitation of 
(Na,K)3Co(N02)6 with subsequent determination of the 
cobalt or nitrite colorimetrically (7). The extremely sensitive 
Greiss method has been extensively used for the colorimetric 
estimation of the nitrite content of this precipitate (5).

P r o c e d u r e .  A solution containing 0.0005 to 0.0050 mg. of 
N02 (1), which is equivalent to approximately 0.0001 to O.0O1O 
mg. of potassium, respectively, was diluted to 50 ml. in a Nessler 
tube, and was treated with a mixture of 2 ml. of sulfanilic acid and 
1 ml. of 1-naphthylamine (1 ). Comparison was made with 
standards after the color had developed 20 minutes. To deter­
mine 0.005 to 0.100 mg. of NOi the solution was diluted to 100 
ml., the color developed and the comparison with standards 
made in a Klett colorimeter.

O b s e r v a t i o n s  o n  t h e  C o l o r i m e t r i c  T e c h n i c .  From in­
vestigations of the colorimetric technic, the authors draw the 
following conclusions: First, to obtain strictly reproducible re­
sults the sulfanilic acid and 1-naphthylamine should first be 
mixed and then added to the nitrite solution. When the Greiss 
reagents are added separately, the color is, within certain limits, 
more intense the longer the time interval between the addition of 
the sulfanilic acid and the 1-naphthylamine. This observation 
has been noted by others (7, 9), though most investigators fail to 
heed this precaution. The mixture of reagents was found to be 
stable for at least 2 weeks in the absence of light (5). Secondly,

confirming the work of Taylor (1/,) it was found that the use of a 
10 per cent acetic acid medium prevents the formation of a red­
dish brown precipitate with large quantities of nitrite. Further­
more, when acetic acid and sodium acetate are used, they must 
be present in the same concentration in both standard and un­
known (16). Thirdly, Beer’s law is valid over a range of 0.0001 
to 0.0010 mg. of N 02 per ml. of solution, which is equivalent to 
0.00002 to 0.00020 mg. of potassium per ml.

D e te r m in a tio n  o f  P o ta ss iu m  w ith  S o d iu m  
C o b a ltin itr ite  R ea g en t

For the purpose of ascertaining the sensitivity of the sodium 
cobaltinitrite reagent, the authors employed a modification 
of the method (15) which Tischer had claimed to be more 
sensitive than previous methods. More recent work indicates 
that the Kramer-Tisdall (6) reagent may be somewhat more 
sensitive, though surely not less than 0.025 mg. of potassium 
per ml. can be determined with accuracy (12 ).

In the present investigation the modifications of the 
Tischer method were: (1) the precipitate was separated by 
centrifuging; (2) the precipitate was dissolved in 0.1 N  
sodium hydroxide; and (3) the nitrite was determined with 
the Greiss reagents. The first two modifications were recom­
mended by Lewis and Marmoy (7), while Herzner (5) showed 
that the Greiss reagents may be used satisfactorily for the 
determination of nitrite.

The results with this modified procedure were corrected for 
a blank which ranged from 0.00002 to 0.0007 mg. of potassium. 
No precipitation was observed when the potassium concen­
tration was less than 0.040 mg. per ml., although a precipitate 
of (Na,K)3Co(N02)a containing 0.001 mg. of potassium may 
be seen easily in the centrifuge tube. Moreover, seeding the 
reagent just before use did not increase the sensitivity of the 
reagent. I t  was found that a minimum of 0.120 mg. of potas­
sium per ml. may be determined with accuracy when calcu­
lating the potassium from a potassium-nitrite factor based on 
the NaK2Co(N02)6 formula as Tischer did, whereas somewhat 
less than 0.080 mg. may be estimated quantitatively if 
potassium standards are carried through simultaneously with 
the unknowns for the colorimetric comparison.

Taylor (14) obtaind an increased sensitivity with the 
sodium cobaltinitrite reagent by the use of a precipitation 
medium containing about 30 volume-per cent ethyl alcohol. 
Recently Lohse (8) reported results for Taylor’s procedure 
when the precipitation was made at low temperatures. How­
ever, the smallest concentration of potassium reported by 
Lohse was 0.100 mg. per ml. and, other than this, the effect 
of cooling upon the sensitivity was not given. In Table I 
the sensitivity with the Taylor procedure is given for both 
room temperature and 4° to 6° C. The colorimetric com­



212 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 8, NO. 3

parison and estimation were made against standard potassium 
solutions treated simultaneously with the unknowns.

T a b l e  I. P o t a s s i o m  R e c o v e r y  w i t h  T a y l o r ’s  P r o c e d u r e
Potassium  a t  Room  T em perature Potassium  a t  4° to  6° C.

P resen t F ound Difference P resen t Found Difference
M g./m l. M g./m l. M g./m l. M g./m l. M g./m l. M g ./m l.

0.0020 0.0000 -0 .0 0 2 0
0.0000 -0 .0 0 2 0
0.0000 -0 .0 0 2 0

0.0030 0.0000 -0 .0 0 3 0 0.0030 0.0037 + 0 .0 0 0 7
0 .0000 -0 .0 0 3 0 0.0019 -0 .0 0 1 1
0.0000 -0 .0 0 3 0 0.0030 0.0000

0.0060 0.0060 0.0000 0.0060 0.0056 -0 .0 0 0 4
0.0065 + 0 .0 0 0 5 0.0061 + 0 .0 0 0 1
0.0060 0.0000 0.0060 0.0000

0.0120 0.0121 + 0 .0 0 0 1 0.0100 0.0100 0.0000
0.0120 0.0000 0.0091 - 0 .0 0 0 9
0.0120 0.0000 0.0112 + 0 .0 0 1 2

0.0300 0.0300 0 .0000 0.0200 0.0201 + 0 .0 0 0 1
0.0290 -0 .0 0 1 0 0.0200 0.0000
0.0300 0.0000 0.0190 -0 .0 0 1 0

On the basis of these results it can be stated that cooling 
enables the determination of smaller amounts of potassium. 
At 4° to 6° C., 0.0030 mg. of potassium was determined with 
fair accuracy while a t room temperature no precipitate was 
formed at all. Furthermore, a comparison of the sensitivity 
of this method with that of the Tischer method confirms the 
conclusions of Taylor that an alcoholic precipitation medium 
increases the sensitivity of the procedure.

Formulas ranging from KNa2Co(N02)(i to K 2NaCo(N02)4 
have been reported as representing the composition of the 
precipitate, but the composition is now generally agreed to be 
a mixture of these two forms whose ratio varies, depending 
upon the conditions of precipitation, and is well represented by 
the formula (K,Na)3Co(NO;)6. However, with careful 
regulation of conditions the composition is fairly reproducible 
from one time to another. The formula which best repre­
sented the product in the above determinations was calculated 
to be Ki.35Nai.63Co(N02)s, assuming tha t all the potassium 
was precipitated. Using standard nitrite solutions for the 
colorimetric comparison, and a potassium-nitrite factor based 
on the latter formula, the weight of (K,Na)3Co(N02)o precipi­
tated is readily calculated. When this was done the increased 
recovery of potassium a t the lower temperature of precipita­
tion was evident. By this method not less than 0.030 mg. of 
potassium could be accurately estimated a t room temperature 
while as little as 0.006 mg. of potassium per ml. could be 
determined a t the lower temperature.

P r é c ip ita tio n  w ith  S ilver C o b a ltin itr ite
Silver cobaltinitrite reagent is the most sensitive of all 

précipitants of potassium (3, 10 ), yet, with the exception of 
Breh and Gaebler’s (2) investigation in blood serum, there 
have been no attempts to apply this reagent to quantitative 
work. They stated that, with their procedure, it is possible 
to precipitate as little as 0.083 mg. of potassium from 5 ml. 
of blood serum filtrate and by using a calibration curve to 
obtain the results with an accuracy of 3 to 5 per cent.

Although it has been reported (3) tha t silver potassium 
cobaltinitrite has a pronounced tendency to become colloidal 
in the absence of alcohol and electrolytes, Breh and Gaebler 
used distilled water as the wash liquor. In the following 
experiments acetone was the wash solution; alcohol was also 
tried but acetone was superior. An all-glass wash bottle was 
essential for use with either alcohol or acetone, as unsaturated 
compounds were often leached from the rubber connections 
with subsequent reduction of the silver in the precipitate.

S ta n d a rd s  an d  R e a g e n ts . In all instances the reagents 
were prepared from purified c. p. chemicals.

Alcohol and acetone were of such purity that neither gave a 
perceptible precipitate when treated with silver nitrate, allowed 
to stand for 3 hours at room temperature, and then centrifuged.

Silver cobaltinitrite reagent containing 1.0 per cent of silver 
nitrate was prepared by dissolving 25 grams of sodium cobalti­
nitrite in 150 ml. of sodium nitrite solution, containing 50 grams 
of sodium nitrite, and adding with stirring 5 ml. of silver nitrate 
solution, containing 2.0 grams of silver nitrate. The solution 
was diluted to 200 ml., 2 ml. of glacial acetic acid were added, and 
air was passed through the cold solution for 5 minutes. After 
standing for about 12 hours at 4° to 6° C., the reagent was fil­
tered through a No. 42 Whatman filter paper.

Fresh reagent was prepared at least once every 2 weeks and 
was preserved at 4° to 6° C. when not in use. Just before use a 
portion was centrifuged and the supernatant solution used for 
precipitation of the potassium.

A stock solution of potassium sulfate was prepared to contain
1.000 mg. of potassium per ml. Standard solutions were pre­
pared by proper dilution.

Synthetic hard water, potassium-free, had the following com­
position in parts per million: Ca++, 195; Mg + +, 53.3; Na+, 
780; Fe+++, 35; Si03—, 150; Cl", 1080; SO(~~, 582. The 
solution was 0.17 N  in respect to acetic acid.

P r o c e d u r e .  One milliliter of a standard potassium solution 
was measured into a 15-ml. centrifuge tube and 1.00 ml. of the 
silver cobaltinitrite added. The precipitate and solution were 
allowed to stand for 3 hours and then centrifuged at 3000 r. p. m. 
for 15 minutes. The supernatant liquid was carefully removed 
through a siphon. The first washing was made with 5 ml. of 
water, the second with the same volume of 60 volume-per cent 
acetone, and subsequent washings with the same volume of
99.5 per cent acetone. After centrifuging 5 to 10 minutes, the 
wash liquid was removed by siphoning. The precipitate was 
finally dissolved in 1 ml. of 0.1 N  sodium hydroxide. Solution 
was quickly completed by immersing the tube in a boiling water 
bath for 10 to 15 minutes. The Greiss reagents were added and 
the colorimetric comparison was made against potassium stand­
ards that had been treated identically. When the amount of 
potassium was believed to be under 0.001 mg. the comparison 
was made in a colorimeter, using an aliquot containing 0.001 to 
0.020 mg. of potassium.

Following this procedure, known amounts of potassium 
in distilled water were precipitated both a t room temperature 
and a t 0°C . to determine the sensitivity and the accuracy 
of the method at the two temperatures. These results are 
shown in Table II.

T a b l e  II. P o t a s s iu m  R e c o v e r y  w i t h  t h e  S i l v e r  C o b a l t i­
n i t r i t e  R e a g e n t

Potassium  a t  Room T em peraturo  
P resen t Found  Difference
M g./m l. M g ./m l. M g ./m l.

P otassium  a t  0° C.
P resen t F ound  D ifference
M g ./m l. M g ./m l. M g ./m l.
0.0010

0.0020

0.0000
0.0000
0.0000
0.0021
0.0020
0.0019

- 0.0010 
- 0.0010 
- 0.0010 
+ 0.0001 

0.0000 - 0.0001
0.0050 0.0000

0.0000
0.0000

-0 .0 0 5 0
-0 .0 0 5 0
-0 .0 0 5 0

0.0050 0 .0050
0.0050
0.0047

0 .0000
0 .0000

-0 .0 0 0 3
0.0100 0.0091

0.0113
0.0100

-0 .0 0 0 9
+ 0 .0 0 1 3

0.0000

0.0100 0.0100
0.0109
0.0092

0 .0000 
+  0 .0009 
-0 .0 0 0 8

0.0500 0.0486
0.0507
0.0500

-0 .0 0 1 4
+ 0 .0 0 0 7

0.0000

0.0400 0 .0400
0 .0404

0.0000
+ 0 .0 0 0 4

0.1000 0.1000
0.0993
0.1030

0.0000
-0 .0 0 0 7
+ 0 .0 0 3 0

With this reagent cooling assisted precipitation greatly and 
increased the sensitivity. When standard potassium solutions 
were carried through simultaneously with the unknowns a 
minimum of 0.010 mg. of potassium per ml. could be de­
termined with precipitation a t room temperature, whereas
0.002 mg. per ml. could be determined a t 0°C . Moreover, 
precipitation was completed within 2 hours a t the lower 
temperature. The composition of the precipitate was found 
to be best represented by the formula Ki.35Agi.65Co(N0 2)$. 
Using standard nitrite solutions for the colorimetric compari­
son, and a potassium-nitrite factor based on the latter formula, 
the potassium content of the unknown was calculated. In this 
manner a minimum of 0.050 mg. of potassium per nd. could
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be determined with precipitation a t room temperature and
0.002 a t 0°C . Although an alcoholic precipitation medium 
increases the sensitivity of the sodium cobaltinitrite reagent, 
neither alcohol nor acetone was found to exert a beneficial 
influence upon the sensitivity of the silver cobaltinitrite 
reagent.

D e te r m in a tio n  o f  P o ta ss iu m  in  W ater

Ammonium and chloride (.3) are the only commonly 
occurring ions in water that interfere with the qualitative 
silver cobaltinitrite test. In view of the previous satisfactory 
results by this method, precipitation of the potassium without 
first concentrating appeared feasible when the potasssium 
occurred in quantities greater than 0.002 mg. potassium per 
ml.—that is, 2 p. p. m. Less than 0.002 mg. per ml. necessi­
tated concentrating in an acid solution. Acetic acid was satis­
factory for this purpose and concentrations as great as 0.08 N  
did not interfere materially with the precipitation.

The effect of the excess silver ion upon the recovery of 
potassium was determined by using reagents containing 1 and 
2 per cent of silver nitrate. For practical purposes the con­
centration of the excess silver ion in the precipitation medium 
was twice as great with the second silver nitrate solution as 
with the first because, in either case, only an extremely small 
amount of silver was removed by precipitation. When using 
the more concentrated solution, somewhat larger amounts of 
potassium were apparently recovered; this was believed to be 
due to a higher silver-potassium ratio in the precipitate. 
Preferably but a slight excess of silver ion should be present 
from the precipitation of the chloride and, what is more 
important, the same concentration of excess silver should 
occur in both standard and unknown.

In the analysis of naturally occurring waters, if the water 
sample is very soft, distilled water is satisfactory for the dilu­
tion of the potassium standards; while for accurate analysis 
of waters of greater hardness a synthetic water of the same 
hardness as the unknown should be used for this purpose. 
The previous work with the silver cobaltinitrite reagent indi­
cated the accuracy which may be expected with very soft 
water samples.

T a b l e  III. P o t a s s i u m  R e c o v e r y  f r o m  H a r d  W a t e r

P resen t
--------- P otassium -------

Found Difference
M g./m l. M g ./m l. M o ./m l.
0.0020 0.0021 + 0 .0 0 0 1

0.0020 0.0000
0.0060 0.0067 + 0 .0 0 0 7

0.0060 0.0000
0.0055 -0 .0 0 0 5
0.0061 +  0.0001

0.0100 0.0100 0.0000
0.0094 -0 .0 0 0 6
0.0102 + 0 .0 0 0 2
0.0097 -0 .0 0 0 3

0.0200 0.0201 + 0 .0 0 0 1
0.0200 0.0000
0.0190 -0 .0 9 1 0

0.0400 0.0400 0.0000
0.0402 + 0 .0 0 0 2
0.0392 -0 .0 0 0 8

The applicability of the method to hard waters was demon­
strated by the recovery of potassium from a synthetic water 
of extreme hardness. A potassium-free synthetic water was 
prepared which contained the maximum concentration of 
each substance ordinarily found in hard waters (4). The 
magnesium and calcium for this solution were weighed as the 
carbonates and then dissolved in an excess of acetic acid; 
the excess acid prevented hydrolysis and precipitation of 
iron, etc. This solution was 0.17 N  in respect to acetic acid, 
but after the addition of potassium and removal of chloride 
the acidity of the final potassium standards had been reduced 
to 0.05 N.

For the determination of potassium from the synthetic 
water medium, 30 ml. of standard potassium solution were 
added to 10 ml. of 8.3 per cent silver nitrate solution and then 
enough synthetic water was added to make a final volume 
of 100 ml. After thoroughly mixing, the precipitate was 
removed from a portion of the solution by centrifuging. 
Remaining in the supernatant solution was 0.55 per cent 
silver nitrate and 0.6 per cent acetic acid. The potassium 
content of this solution was determined with the silver co­
baltinitrite reagent. The standards possessed the same ionic 
concentrations as the unknowns and were accorded the same 
treatment. The results are shown in Table III.

The recovery of potassium from the hard water medium 
was remarkably good, considering the small quantity of 
potassium and the large quantity of other ions involved. 
Moreover, the analyses were made with greater rapidity 
and accuracy than could be expected with the normal evapora­
tion procedure.

S u m m a ry

When a 10 per cent acetic acid medium is used in the Greiss 
method for the determination of nitrite, Beer’s law is valid 
over a wide range. Since the intensity of the color is some­
what dependent upon the time interval between the addition 
of the sulfanilic acid and 1-naphthylamine, the accuracy of 
the method is improved by mixing the reagents before use.

The Tischer method for potassium is not applicable to the 
determination of less than 0.120 mg. per ml. of solution. 
Somewhat less than 0.080 mg. per ml. may be determined if 
comparison is made with potassium standards that have been 
given an identical treatment. By precipitating from a 30 
volume-per cent alcoholic medium a t 4° to 6° C., the minimum 
quantity of potassium determinable may be decreased to 
about 0.003 mg. per ml. of solution.

By employing a silver cobaltinitrite precipitating reagent, 
and running potassium standards simultaneously, the mini­
mum quantity of potassium determinable is reduced to about
0.002 mg. Precipitation should be allowed to take place 
near 0°C ., and an acetone wash liquor used. This method 
was found to be applicable to the determination of potassium 
in fresh water.

L itera tu re  C ited
(1) Am. Public H ealth  Assoc., “ S tandard M ethods for the Exami­

nation of W ater and Sewage,” 7th ed., pp. 19-20, New York, 
1933.

(2) Breh, F., and Gaebler, O. H „  J . Biol. Chem., 87, SI (1930).
(3) Burgess, L. L., and Kam m, O., J . Am . Chem. Soc., 34, 652

(1912).
(4) Habermeyer, G. C., Illinois Dept. Registration and Education,

Bull. 21 (1931).
(5) Herzner, R. A., B iochem . Z., 237, 129 (1931).
(6) Kram er, B„ and Tisdall, F. F., J . Biol. Chem., 46, 339 (1921).
(7) Lewis, A. II., and M armoy, F. B., J . Soc. Chem. Ind., 52, 177T

(1933).
(8) Lohse, H . W ., I nd. E nq. Chem ., Anal. E d., 7, 272 (1935).
(9) Lunge, G., Z. angew. Chem., 23, 666 (1889).

(10) Lutz, O., Z. anal. Chem., 59, 145 (1920).
(11) Piper, C. S., J. Soc. Chem. Ind ., 53, 392T (1934).
(12) Rozanov, S. N., and Kazarinova, V. A., Z. anal. Chem., 96, 26

(1934).
(13) Shcdd, O. M., J. I n d .  E n g .  Chem ., 1, 302 (1909).
(14) Taylor, F. H . L., J . Biol. Chem., 87, 27 (1930).
(15) Tischer, J., Biochem. Z„  238, 148 (1931).
(16) TJzel, R ., Collection Czechoslov. Chem. Communications, 5, 139

(1933).

R e c e i v e d  February  11, 1936.



The Design o f a Precision Photoelectric  
Colorimeter

R . 1$. W ITH RO W , C. L . SH R E W SB U R Y , a n d  H . R . K R A Y B IL L  
P u rd u e  U n iv ersity  A g r icu ltu ra l E x p e r im e n t S ta t io n , L a fa y e tte , Ind..

AMONG the first applications of the modem photoelectric 
cell was its use to replace the human eye in photometric 

measurements. Many circuits and cell arrangements for 
specialized types of photoelectric photometry have been 
proposed in the literature (4, 8, 18,17). The earlier photome­
ters were of the direct-reading type and employed a single 
photoelectric cell. In 1919, Gibson (8) of the Bureau of 
Standards described the null method for photometric measure­
ments, using it for the routine photometry of lamps. The 
null method with two photoelectric cells eliminates many of 
the inaccuracies entering through direct reading.

More recently the photoelectric cell has received attention 
as a means of minimizing the human element as a factor in 
colorimetry. Müller (11) in 1928 described a photoelectric 
colorimeter of the direct-reading type and discussed its ap­
plication to automatic titration and pH control. Since that 
time a large number of papers have appeared describing 
colorimeters which employ various circuit arrangements and 
types of photoelectric cells (1, 10, 12, 14, 15, 16). While 
these papers have adequately discussed the detailed features 
of each colorimeter in question, there seems to be lacking in 
the literature a discussion of certain fundamental principles 
especially applicable to the general design of photoelectric 
colorimeters.

The design of a photoelectric colorimeter is determined 
largely by the inherent limitations of the photoelectric cell 
type employed and of the optical system. The following 
discussion will deal, first, with the manner in which these 
elements influence the characteristics of a precision photo­
electric colorimeter and, second, with the general details of 
design of a precision instrument.

P h o to e le c tr ic  Cell C h a ra cter istics

R e c t i f i e r  T y p e . 1 The rapid progress made in photoelec­
tric colorimetry since 1932 has been due largely to the develop­
ment of the rectifier type of photoelectric cell which is very 
rugged, sensitive, and capable of generating its own e. m. f. 
I t  requires no batteries or external source of electrical energy 
for satisfactory operation.

The complicated manner in which the internal resistance 
changes with light intensity, temperature, and time prevent 
the rectifier cell from being entirely suitable for the most 
precise colorimetric work. If the external circuit resistance 
is low (less than 100 ohms) in comparison to the internal cell 
resistance, so that the shunting effect of the latter is relatively 
small, the response becomes a linear function of light intensity 
to within 1 or 2 per cent.

The internal resistance also has a positive temperature 
coefficient for low external resistances and low intensities of 
radiation. Therefore precautions must be taken in the design 
of a colorimeter employing these cells to eliminate heating 
effects due to the light source. Further precaution should 
be made to allow sufficient time for each reading, since several 
minutes are required for the internal resistance to come to

1 T he rectifier type  of cell consists essentially  of a  m etal disk, upon one 
side of which is a  surface of cuprous oxide or selenium , specially trea ted  for 
m axim un sensitiv ity  to  visible rad iation . These cells have been referred 
to  in the  lite ra tu re  b y  such various term s as photogalvanic, photovoltaic, 
photoelectric, photronic, and  rectifier.

complete equilibrium for each change in radiation intensity. 
The relatively low and variable internal resistance precludes 
the adaptability of these cells to vacuum tube amplification.

In Figure 1 is sh o w  the spectral response curve of a typical 
rectifier cell. The sensitivity is high throughout most of the 
visible spectrum. The relatively low sensitivity in the red 
is of little consequence when the cell is used with incandescent 
lamps in which the peak of the spectral energy distribution 
curve occurs in the near infrared (900 millimu for projection 
lamps).

A circuit employing two rectifier cells in a bridge arrange­
ment is presented in Figure 2. The arrangement is such that 
the external resistance for each cell under conditions of balance 
for the galvanometer, G, is always constant and equal and 
of a sufficiently low value that the response is essentially 
linear. and R2 are a pair of dial decade resistances, so 
connected that if the system is balanced with the absorption 
cell out of the beam of light to P h then the balance which is 
obtained with the absorption cell in the path of light to Pi 
will be in direct proportion to the resistance included between 
the two contact arms. Thus such a dial decade may very 
readily be made to read in terms of percentage transmittancy 
of the absorbing medium. Such a colorimeter in simplified 
form has been satisfactorily used by the authors for work 
requiring accuracies of from 1 to 2 per cent. As discussed 
below this arrangement may be made to be fully compensating 
for fluctuations in the light source.

P h o t o e m i s s i o n  T y p e . 2 The characteristics of the photo­
emission type of photoelectric cell have been adequately 
described by Ives and Kingsbury (9) and others (2, 17). 
These cells in the vacuum type are almost exclusively used 
in laboratory precision photometry. Those commonly em­
ployed have either potassium hydride or cesium oxide cath­
odes. The gas cell is not generally suitable for accurate

1 T he term  photoem ission is applied to  those cells which depend upon the 
emission of photoelectrons from  a  sensitized cathode, generally of an alkali 
m etal surface of the  halide, oxide, sulfide, etc., in an evacuated  envelope 
(vacuum  type) or in  a  rarefied atm osphere of ine rt gases (gas type).

F i g u r e  1 . S p e c t r a l  R e s p o n s e  C u r t o s  o f  P h o t o e l e c t r ic  
C e l l s
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quantitative work, owing to its relatively unstable current- 
voltage characteristic and the lack of a strictly linear relation­
ship between light intensity and cell current.

F i g u r e  2 . B r i d g e  C i r c u i t  f o r  a  P a i r  o f  R e c t i f i e r  
C e l l s  ( P i io t r o n ic )

R i . D ial decade 10 X 10 ohms, accuracy —0.1 per cent 
Rj. D ial decade 10 X 1 ohms, accuracy —0.1 per cent 
Ri. 100 ohms wire-wound fixed resistor

The modern vacuum cell has very stable electrical charac­
teristics with a high internal resistance of the order of hundreds 
of megohms and a linear relationship of response to light 
intensity. The current sensitivity is low in comparison to 
that of the rectifier cell, but the high internal resistance makes 
these cells especially suited to vacuum tube amplification. 
By applying a saturating voltage to the vacuum cell it can 
be made relatively independent in response to small voltage 
fluctuations as may occur because of IR  drop in the load 
resistance or line voltage. For a typical cesium oxide cell 
(Cetron) this saturation point is about 40 volts. An applied 
voltage above this point may vary 10 per cent without affect­
ing the cell current by more than 1 per cent. In general, it 
may be stated tha t the load or external circuit resistance 
should not introduce an IR  drop of more than one volt for 
accurate determinations based upon the cell retaining a linear 
response.

Ives and Kingsbury (9) present evidence to show that it 
is not safe to assume tha t the spectral sensitivity of an 
emission type of photoelectric cell is the same from month 
to month or like tha t of another cell, even though apparently 
manufactured under identical conditions. The relative in­
stability of the spectral characteristics necessitates the use 
of narrow band pass light filters for precision colorimeters and 
nephelometers. The same considerations probably hold to 
the same degree in the case of the rectifier cell.

The spectral response curves in Figure 1 for the potassium 
hydride and the cesium oxide cells are those of Ives and show 
to the same scale the relative spectral sensitivity of these 
two types of cell. The other curves of Figure 1 are not drawn 
to the same scale. For general use throughout the visible 
spectrum and especially in the red, the cesium oxide cell is 
the better type. For the quantitative determination of yellow 
and red pigments having absorption maxima in the blue, the 
potassium hydride cell or a cell of similar spectral characteris­
tics is better because of its high sensitivity in the blue and 
green (Westinghouse SR 51).

In Figure 8 is shown a bridge circuit for use with the vacuum 
photoemission cell. I t  operates on the same principle as 
that shown in Figure 2 for rectifier cells. With the vacuum 
emission cells, the load resistance need not be constant quan­
tities, provided the total resistance is not high enough to 
produce an appreciable IR  drop. I t  is possible to use three 
dial decade resistances in units of multiples of ten, making 
transmittancy readings possible to 0.1 per cent.

The saturating voltage consists of the alternating current 
voltage drop in Re and Ri and for a 110-volt supply is 45 volts 
per cell. Since electrons can pass in appreciable numbers only 
from the cathode to the anode, the cells may be used to rectify 
the alternating current and a direct current galvanometer 
may be used. Only half of the alternating current wave

passes through the cell so that the theoretical current 
efficiency can be only 50 per cent of that of a direct current 
supply. Actually it is less, being about 45 per cent, owing to 
the fact that the voltage is too low for electron flow on the low 
portion of the wave. When the maximum cell sensitivity is 
required, the resistance Rt and Ri may be replaced with a 
pair of 45- to 90-volt radio B batteries.

S o m e O p tica l S y ste m s A p p licab le  to  
P h o to e le c tr ic  C olorim etry

The optical system of a balanced double photoelectric 
cell colorimeter may be considered as consisting of a lamp 
source mounted between and on the same optical axis with 
two identical optically independent portions, each terminating 
in a photoelectric cell. Each half of the system, in its most 
complete form, consists of (1) condensing lenses for concen­
trating as intense and homogeneous a beam of radiation as 
possible upon the photocell, and (2) radiation filters for spec­
trally limiting the radiation as emitted by the lamp source. 
In most cases condensing lenses are necessary to compensate 
for the great loss in total radiation occasioned by the use of 
narrow band pass filters. Without filters it is possible to 
mount the photocells close enough to the lamp to obtain 
sufficient radiation without the use of condensing lenses. 
However, proper filtering offers so many advantages in in­
creased sensitivity, more linear calibration curves, greater 
stability, and more complete line voltage compensation that 
the unfiltered precision colorimeter is desirable only for 
certain specialized applications. In Figure 3 are shown several 
types of optical systems which may be employed. In diagrams 
A  and B, the condensing lenses are of the small-diameter, 
short-focus type used in the small motion picture projectors. 
In diagram C is shown a method of using small precision ab­
sorption cells. The lamp source in this case must be small, 
such as a headlight bulb or strip filament projection lamp.

Systems of lenses often tend to produce an image of the 
source upon the photoelectric cell cathode, even though the 
cell may be considerably out of focus. This results in a series 
of bright bands when filament projection lamps are used. 
Ives and Kingsbury (9) have shown that the cathode of a 
photoemission cell may vary greatly in sensitivity over its 
surface. I t  is well known that these cells have an upper limit 
of intensity beyond which injury to the sensitive surface may
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F i g u r e  4 .  C a l ib r a t io n ’ C u r v e s  f o r  C a r o t e n e  w i t h  
V a r io u s  D e g r e e s  o f  F il t e r in g

occur. For these reasons especially, the imaging effects are 
undesirable. In the case of the rectifier cell, the manner in 
which the shunting effect of the internal resistance changes 
with light intensity makes such effects equally undesirable. 
A diffusing screen of some of the finely molded diffusing win­
dow glasses, placed immediately in front of the photocell, 
adequately eliminates imaging effects without too serious 
a loss in radiation. In one test it was found that a piece of 
Diffuses glass scattered the light satisfactorily without in­
curring a loss of more than 25 per cent in cell response.

Properly spaced diaphragms are necessary to eliminate 
any scattered extraneous radiation that might reach the 
photoelectric cell. A diaphragm with an aperture slightly 
smaller than that of the absorption cell is necessary immedi­
ately in front of the absorption cell on the lamp side. Dia­
phragms having apertures of a wide range of diameters are 
valuable in limiting the total radiation reaching the photocell 
to an intensity which is noninjurious to the cell surface. Most 
small photoemission cells have a maximum safe emission of 
from 10 to 20 microamperes. The rectifier cell, on the other 
hand, is claimed by the manufacturers to be uninjured by 
high radiation intensities.

The radiant energy of the incandescent projection lamp is 
over 90 per cent infrared which is of no value in most colori­
metric work. In order to produce high visible intensities 
without excessive heating of the absorbing media and photo­
cells, it is necessary to remove the infrared by proper filtering. 
A water cell will absorb most of the energy beyond 1400 
millimu. More complete filtering may be obtained by the 
addition of infrared absorbing glasses. The Corning 0.32-cm.

F i g u r e  5 . T r a n s m is s io n  C u r v e s  f o r  C a r o t e n e  
a n d  V a r io u s  F i l t e r  C o m b in a t io n s

(0.125-inch) Aklo plate glass (3, 7) is very satisfactory for this 
purpose.

Assuming that sufficient radiant energy is available, the 
use of narrow band pass filters very greatly increases the 
sensitivity of a colorimeter. This increase in some cases 
may be as great as a hundred fold. The logarithmic calibra­
tion curves shown in Figure 4 are for carotene in heptane and 
graphically show the effect of various degrees of filtering. 
Carotene has absorption maxima only in the blue (Figure 5), 
so that unless filters are used, little effect on the total response 
of a cesium oxide photocell would be expected for large 
changes in carotene concentration. This is due to the mask­
ing effect of other radiation not selectively absorbed. When 
no filter is used, the curve has a very small slope and changes 
in the highest concentrations are barely detectable. With a 
6 per cent cupric acetate filter (Figure 5) which has a relatively 
wide transmission band, the slope is greater than with no 
filter but not so great as in the case of a Jena glass filter 
combination of B G l2 and GG5 (blue glass filter), the trans­
mission band of which centers on the carotene absorption 
band. The steepest slope is obtained with a visual spectro­
photometer in which the spectrometer functions as an optical 
filter transmitting a waveband of only a few millimu.

The filtering effect of an absorbing medium contained in 
the absorption cell may seriously alter the linear relationship 
of a logarithmic calibration curve, even though the absorbing 
medium itself obeys Beer’s law. A comparison of the calibra­
tion curves for carotene obtained with two different filters 
used in a colorimeter employing a pair of cesium oxide cells 
shows this relationship (Figure 4). With the use of a 5-cm. 
cell of 6 per cent cupric acetate which has a wide transmission 
band, the calibration curve is not a straight line but falls off 
at the higher concentrations. At high concentrations, 
carotene has an appreciable filtering effect of its own and 
does not absorb equally over the transmission band of the 
filter. The resultant filtering effect of the carotene (4 mg. 
per liter) and the cupric acetate is shown in Figure 5. A 
decided maximum occurs in the longer wave lengths of the 
band. The presence of this off-peak maximum accounts for 
the deviation of the calibration curve from a linear relation­
ship.

The case is different with the blue Jena glass filter in com­
bination with the 1 per cent cupric sulfate solution. Here 
the filter band is so narrow that it is rather completely covered 
by the carotene absorption band. The transmission band 
resulting from a combination of the blue glass and carotene is 
reasonably symmetrical and has no off-peak maximum. The 
calibration curve is practically linear, as is also true in the 
case of the spectrophotometer.

Stable band pass light filters add greatly to the accuracy 
with which a double photoelectric cell colorimeter operating 
into a bridge circuit is compensated for variations in intensity 
of the light source due to line voltage fluctuations. Since 
slight voltage fluctuations are greatly magnified in terms of 
variations in light intensity, very complete compensation is 
necessary when a colorimeter is to be used on the average 
power supply. The only alternative to compensation in the 
instrument itself is voltage control by such devices as storage 
batteries and constant power transformers, which are bulky, 
expensive, and generally less satisfactory.

In the case of either of the bridge circuits shown in Figures 
2 and 8, the same proportionate change in response of both 
cells will not affect the balance of the galvanometer if the 
potentiometer has been previously adjusted for zero deflection. 
If, however, the responses do not change in the same propor­
tionate degree, the galvanometer will cease to be on zero 
deflection. As the temperature of the filament changes 
because of voltage fluctuations, the radiation emitted by the 
lamp will change, not only in intensity but in quality also.



The change in quality is due to the shift in spectral en­
ergy distribution of the filament with temperature. 
Therefore, the unfiltered radiation will produce equally 
proportionate changes in cell response only if the cells are 
identical in relative spectral sensitivity. This condition 
is very difficult to obtain even with present-day photo­
electric cells. If the radiation from the lamp is filtered 
by a pair of identical narrow band pass filters, only a 
small but equal portion of the spectral sensitivity curve 
of each photocell is excited and difference in relative 
sensitivity on either side of the narrow spectral range 
transmitted by the filter is of no consequence. Under 
these conditions of filtering, it has been found that it is 
not necessary to have closely matched photoelectric 
cells for satisfactory line voltage compensation.

There are several types of light filters available for 
colorimetric work. The glass filters, such as the Corn­
ing (8) and Jena (6), are the most satisfactory from 
the standpoint of stability but they are often lacking 
in sharpness of transmission band. The cemented dyed 
gelatin filters, such as those made by Eastman (5), are 
more satisfactory as filters but in most cases lack the 
great stability of the glass types just mentioned. In 
general, it is best to select glass filters when possible 
and to use the less permanent dyed gelatin type only 
when sufficiently narrow transmission bands are not 
obtainable in the glass type.

D e ta ils  o f  C olorim eter

The photoelectric colorimeter shown in Figure 9 and 
presented diagrammatically in Figures 7 and 8 was de­
signed around a pair of Cetron (Continental Electric 
Company) cesium oxide vacuum photoelectric cells of the 
emission type (Pi and P2). The various parts of the in­
strument are mounted rigidly on a solid base of oak. 
Rigidity is a prime requisite for a satisfactory colorime­
ter of this type, since the slightest distortion of the 
base will deflect the light beam enough to cause annoy­
ing drifting of the galvanometer. An iron casting is ex­
cellent as a base.

The housing, H, is of 19-gage cadmium-plated black iron, 
and is divided into seven compartments by sheet-iron 
partitions. Adequate ventilation is provided in the lamp com­
partment by openings in the side and a short chimney on the 
top. A pair of readily removable aluminum lids exposes the two 
compartments at either end, which house the photocells and 
absorption cells. These are shown in the photograph.
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O btained with a Bausch and  Lomb spectrophotom eter and  the photo­
electric colorim eter
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F ig u r e  7 . D ia g r a m m a t ic  V i e w  o f  C o l o r im e t e r  a n d  B r id g e  
C i r c u i t  E m p l o y e d

P L . 100-watt projection lam p, 2.1875-inch light center
Ft. Vs-inch Aklo plate glass
Li. Condensing lens, 5.625-cin. (2.25-inch) focus (Leitz 2.5 X hand lens)
S F .  Solution filter cell, 5 cm. (Zeiss water cell)
Fi. N arrow band pass filter
Ci, Ci. A bsorption cells 
D. Diffusex glass
Pi. Cesium oxide vacuum  photoelectric cell (C ontinental Electric Co. "C etro n ” )
Si, Si. Absorption cell slide handle
Ai, A t. A djustm ent for balancing light flux
// .  Iron housing
G. Galvanom eter, short period type , sensitiv ity  0.0005 mm. 1 fin.
R i. Dial decade, 10 X 1000 ohms
Rt. Dial decade, 10 X 100 ohms
R j. Dial decade, 10 X 10 ohms
R*. 10,000-ohm wire-wound fixed resistor
R\'. 1000-ohm slide wire rheosta t for balancing (optional)
Rt, Re, R 7. 10,000-ohm wire-wound fixed resistor 
/?i. 1000-ohm wire-wound fixed resistor

The lamp source, PL, is a 100-watt T-10 projection lamp in 
a medium prefocus base. The lamp has a light center of 5.47 
cm. (2.1875 inches). The selection of lamps with this light center 
distance makes it possible to use 100-, 200-, and 500-watt lamps 
interchangeably in the same socket and still have the filament at 
the same focal point.

The lenses are Leitz hand magnifiers. Li is 50 mm. in diame­
ter, 4 magnification, and L2 is 54 mm. in diameter, 2.5 magni­
fication. The lamp filament is at the focus of Li.

The filter system consists of a pair of panes of 0.3-cm. (0.125- 
inch) Aklo plate glass, F}; a pair of Zeiss 5-cm. deep absorption 
cells, SF, for solution filters or water; and provision for inserting 
a pair of 5-cm. (2-inch) square glass or cemented gelatin filters, 
Fi. The diffusing screen, D, is Diffusex glass.

The solutions of unknown density are placed in the absorption 
cell, Ci, and the solvent is placed in cell C2. The two cells ride 
on a sliding carriage which moves by the handle, Si, between 
movable stops. In some types of determinations it is desirable 
to place absorption cells in both light paths and therefore a 
second carriage was incorporated at S2.

The tapered screws, Ai and Alt are for finely balancing the 
radiant energy of the two beams. Since the radiation is essen­
tially parallel between the two lenses, Li and Li, the addition 
of an opaque object does not result in seriously uneven flux 
distribution on the photoelectric cells.

The bridge circuit shown diagrammatically in Figure 7 and 
in detail in Figure 8 was made up as shown.

The dial decade resistances are accurate to 0.1 per cent. The 
fixed resistances, Rt, Rit Rs, R-,, and Ra are wire-wound units 
having a tolerance of 1 per cent.

Attempts to use a slide wire rheostat type of potentiometer 
in place of the dial decade units have not proved very satisfactory. 
Such high-resistance potentiometers do not hold their calibration,
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F i g u r e  8 . D e t a i l s  o f  a  B r i d g e  C i r c u i t  f o r  V a c u u m  
P h o t o e m is s io n  C e l l s

E lem ents are as described in Figure 7.

because of wear and movements of the wires under the sliding 
contact. Furthermore, most potentiometers of this type are 
not wound to an accuracy of better than 5 or 10 per cent.

The decade resistances are arranged on the instrument panel 
in the order shown in Figure 8, with the high unit on the left. 
The readings are made in terms of per cent in units of 0.1.

The double-pole, double-throw key switch is for quickly 
setting the bridge for calibration, with the decade units set for 
a total resistance of 10,000 ohms, regardless of the position of 
the decade switch arms. With this setting of the switch, the 
light intensity is balanced by means of the screws, Ai and A t, 
with the blank absorption cell, Cj, in place. The balancing can 
be made just as readily by means of a rheostat of 1000 or 2000 
ohms at Rt' when vacuum emission cells are used.

After the instrument is balanced, the switch is thrown to 
“measure” and the absorption cell, Ci, which contains the solu­
tion to be measured, is slid into place. A new balance is now 
made, using the three dials, and the transmittancy is read di­
rectly.

Several methods were used to determine whether the in­
strument and the photocells were strictly linear. The Cetron 
photoelectric cells were found to be as closely linear in response 
to intensity with the bridge circuit used as the methods em­
ployed could detect. The most conclusive test made was the 
determination of the transmittancy of a series of India ink 
solutions of arbitary concentrations, the determinations being 
made by means of the colorimeter and a Bausch and Lomb 
polarizing spectrophotometer. The data are plotted in Figure
6. Both sets of data present curves which fall very closely to 
the same line. The deviation from a straight line is probably 
due to the ink itself, since both sets of data show the same 
deviation.

The ability of the colorimeter to retain its calibration 
accurately over a period of 6 months is exemplified in Table
I. These figures are the results secured with different lamp 
bulbs and different photocells.

A dilute India ink solution and a 5-cm. (2-inch) square of 
Corning glass No. 555 were used as absorbing media. The 
filter consisted of the Jena blue combination BGl2 and GG5. 
Only a few tenths difference in reading is occasioned by the use 
of two different pairs of photoelectric cells. These cells are 
obviously not matched, since they were purchased from the 
manufacturer almost a year apart. The deviation is only 0.5 
per cent when projection lamps of two different voltages are 
employed. When the transmittancy of the glass was determined 
over a period of 6 months, the reading likewise varied only a 
matter of 0.1 per cent. In order to attain these accuracies, it 
is necessary to allow' the lamp to heat up for 20 or 30 minutes

T a b l e  I. R e s u l t s  w i t h  D i f f e r e n t  L a m p  B u l b s  a n d  P h o t o ­
c e l l s

No. of Photocell

D ate Lam p
JFatts

in Socket Absorbing
P i P i M edium T

%
6-30-35 100 1 2 Ind ia  ink 47 .8
6-30-35 100 2 1 In d ia  ink 47 .8
6-30-35 100 3 1 Ind ia  ink 47 .8
6-30-35 100 4 1 In d ia  ink 47.9
6-30-35 100 3 4 Ind ia  ink 47 .8

6-30-35 100 1 2 Corning No. 555 61.7
6-30-35 100 2 1 Cornjng No. 555 61.7
6-30-35 100 1 3 Corning No. 555 61.8
6-30-35 100 1 4 Corning No. 555 61 .8
6-30-35 100 4 Corning No. 555 61.6

6-31-35 100 1 2 Corning No. 555 61.7
6-31-35 200 1 2 Corning No. 555 62.1

4-14-35 100 1 2 C orning No. 555 60.3
4-18-35 100 1 2 Corning No. 555 60.3
4-20-35 100 1 2 Corning No. 555 60.3
4-21-35 100 1 2 Corning No. 555 60.3
4-23-35 100 1 2 C orning No. 555 60.3
5-27-35 100 1 2 Corning No. 555 60.3
6-15-35 100 1 2 Corning No. 555 60.3
6-25-35 100 1 2 Corning No. 555 60.2
7-31-35 100 1 2 C orning No. 555 60.2
8 -  3-35 100 1 2 Corning No. 555 60.3
9-20-35 100 1 2 Corning No. 555 60.3

10- 3-35 100 1 2 Corning No. 555 60.4
10-14-35 100 1 2 Corning No. 555 60.3
10-24-35 100 1 2 Corning No. 555 60.3

T a b l e  II. C a l i b r a t i o n  D a t a  o f  P o t a s s i u m  D i c h r o m a t e  
S o l u t i o n s  w i t h  P h o t o e l e c t r i c  C o l o r i m e t e r

C oncentration Ti Tt T, Ti
0 ./1 0 0  cc. % % % %

0.002 96 .6 96 .5 96.55 96 .5
0 .010 84 .9 84.9 84.85 84 .7
0 .020 72 .6 7 2 .8 72 .8 72 .5
0 .030 62.5 62.8 62 .8 62 .5
0 .050 47 .7 48.3 48.35 47 .9
0 .070 37 .7 37 .9 38.3 38 .0
0 .100 27 .8 28.4 28.4 28 .2

before taking any readings. For ordinary accuracies of the 
order of 1 per cent, no appreciable time needs to be allowed. 
If the instrument had been more rigidly mounted on a cast-iron 
base, these heating effects would probably not have been so 
pronounced.

Table II presents a set of readings taken with potassium 
dichromate solutions by three different individuals over a 
period of 8 hours. With the exception of one concentra­
tion, the readings do not have a maximum variation of more

F i g u r e  9 . P h o t o g r a p h  o f  C o m p l e t e d  P h o t o e l e c t r ic
C o l o r i m e t e r

Above, se tup  for use w ith bridge on left.
Below, colorim eter w ith housing rem oved to  show placing of parts .
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than 0.5 per cent. Some of this variation is undoubtedly 
due to foreign m atter on the face of the absorption cells. 
I t  is very difficult to keep the cells absolutely clean when con­
stantly refilling with solutions such as dichromate.

The degree to which the instrument is compensated for 
fluctuating line voltage was tested by inserting a variable 
resistance in series with the lamp source. The voltage was 
varied from 116 to 90 volts, which resulted in more than a 
50 per cent decrease in light intensity. Under these condi­
tions, the galvanometer balance did not shift sufficiently to 
necessitate a 0.1 per cent change in dial setting. This com­
plete compensation is lost if the optical system is not filtered 
with absolute symmetry. For this reason, it is always advis­
able to purchase filters as matched pairs.

S u m m a ry

The principles of design of precision photoelectric color­
imeters are discussed. An instrument based upon these 
principles is described which has the following characteristics:

The complete colorimeter consists of three units: colorime­
ter unit, dial decade bridge, and galvanometer, either wall 
or portable type depending upon the sensitivity required.

In measuring transmittancy, the instrument has an abso­
lute accuracy of the order of 1 per cent and a reproducible 
accuracy of 0.1 per cent.

The accuracy of the instrument inherently depends only 
upon the retention of the linear response of the photo­
electric cells and it is independent of other gradual changes in 
characteristics.

The calibration is not appreciably affected by changes in

lamp source or in line voltage fluctuations. Fluctuations of 
=*= 5 volts are not detectable in the operation of the instrument. 

The colorimeter reads directly in percentage transmission. 
The instrument exhibits no lag effects.
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A M icrodistillation Apparatus
LYM AN C. C R A IG , R o c k e fe ller  I n s t i tu te  fo r  M ed ica l R esea rch , N ew  Y ork , N . Y .

SUCCESSFUL chemical investigation of small amounts 
of material is largely dependent upon special manipu­

lation designed to supply the same treatment as do the 
customary macroprocedures. Obviously microdistillation and 
fractionation require special technic because of the very small 
volume of the liquid. In the investigation of the ergot alka­
loids which has been in progress in this laboratory for some 
time, it has been necessary to do many microdistillations. 
The apparatus described below w'as designed for this purpose 
and has proved invaluable to the work. Microsublimation 
followed by condensation on a small area has long been known. 
This apparatus, however, is an adaptation of the Siwoloboff (1 ) 
micromethod for taking boiling points, combined with an 
adaptation of the principle of microsublimation and allows a 
true distillation to be approached.

A diagram of the apparatus is shown in Figure 1. The main 
part of the apparatus is made from glass tubing approximately 
17 mm. in diameter. The lower part is drawn out into a capillary 
which is about 30 mm. long and has an inside diameter slightly 
larger than 1 mm. On the lower end of the capillary is sealed a 
small, thin-walled bulb. A, of 0.25-cc. capacity. Projecting 
through and almost filling the capillary and extending to the 
bottom of the bulb is an ebullit ion stick, B, made of a solid glass 
rod, with the exception of the lower end on which is sealed 1 mm. 
of capillary tubing. The condenser, C, is fitted into the apparatus 
with a ground-glass joint at F. Its top is closed by a rubber 
stopper through which a glass tube, D, extends to the lower end 
of the condenser. The condenser is cooled by a stream of cold 
water entering through the glass tube, D, filling the condenser, 
and emerging at G. During the distillation, liquid condenses on

the outside of the tip of C and 
is held there by surface at­
traction. In order that more 
liquid may adhere to the tip 
of the condenser, it is strongly 
in d e n te d .  By making the 
proper inverted cup on the 
tip, 0.2 cc. of a mobile organic 
liquid will easily adhere. Fol­
lowing distillation, the dis­
tillate can be removed from 
the condenser by means of a 
capillary pipet and the tip of 
the condenser then placed in 
a small, short test tube and 
the last traces of distillate re­
moved with the appropriate 
solvent.

T h e  a p p a r a tu s  is im ­
mersed in an oil bath to a 
point above the tip of the 
condenser as shown. The 
oil bath is fitted with a 
mechanical s t i r r e r  an d  a 
thermometer for recording 
th e  te m p e ra tu re .  The 
te m p e ra tu re  of the oil 
bath is slowly raised until 
the liquid visibly boils or 
until a steady s tre a m  of
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bubbles comes from the tip of 
the ebullition stick, B. In order 
to determine the boiling point, 
experience has shown that a 
correction of a few degrees must 
be subtracted from the tempera­
ture of the oil bath at this point. 
The boiling point is of the same 
order of accuracy as the boiling 
point taken by the SiwolobofT 
micromethod (1 ) for taking 
boiling points. An indication 
of the boiling point can be ob­
tained only when the liquid is a 
pure compound, since the tem­
perature recorded gives the boil­
ing point of the liquid and not 
that of the distillate. When 
fractionation is necessary, each 
fraction is redistilled and the true 
boiling point thus approached.

The liquid to be distilled is 
placed in the bulb, A, by means 
of a capillary pipet and the 
ebullition stick, B, is then re­
placed. B  fits the capillary of the 
apparatus rather snugly and 
allows passage of the vapors of 
the liquid to the condenser, C, 

essentially only at the boiling point of the liquid. Herein lies 
the advantage of the apparatus described, since, without the 
capillary, vapors would pass from the liquid to the condenser 
at a temperature considerably below the boiling point because 
of evaporation and rapid diffusion to the condenser through 
the larger opening. The conditions presented by distillation

from the customary flasks used for macrodistillation are thus 
more nearly reached by use of the capillary constriction which 
is nearly filled by the ebullition stick, B.

As many fractions as desired can be taken during each dis­
tillation. Each fraction, however, corresponds to only a flash 
distillation, as there is no fractionation from reflux. A com­
plete distillation can be done very quickly and is practically 
quantitative, as only the condenser is below the temperature of 
the boiling point of the liquid and there is no loss due to a 
large condenser surface. Accordingly, the process may be 
repeated several times and thus arrive a t a fractionation in 
the truest sense of the word. Distillations under reduced 
pressure can be made equally well by evacuating the flask 
at the opening, E, although one of the usual means of avoiding 
fluctuations of the pressure is necessary since the distillation 
must take place without bumping, Thus, the apparatus is 
adaptable for distillation of a wide range of substances at 
temperatures and pressures a t which any distillation can be 
accomplished on the customary macroscale.

When the volume of the distillate is more than 0.2 cc., an 
apparatus of the type shown in Figure 2 has been found to be 
useful. This operates in principle like the previous apparatus, 
with the exception that provision has been made for the 
collection of the larger volume of distillate by modification 
of the condenser.

A capillary tube is fitted to the top of the condenser at e with a 
small ground-glass joint and leads to a mercury leveling bulb, the 
purpose of which is to change the pressure in the collection 
chamber, a, so that it can be made less than that in 6. By proper 
adjustment, the droplet of distillate as it collects at c will be 
forced up through the capillary, d, and into a, where it can be 
obtained with a capillary pipet after the distillation is finished.
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Borax as an Acidim etric Standard
FR A N K  II. H U R L E Y , J R ., D e p a r tm e n t o f  C h em istr y , R ice  I n s t i tu te ,  H o u s to n , T exas

THE use of borax, NajBjOjlOH^O, as a primary standard 
in acidimetry was suggested many years ago (S). 
Experimental work tending to confirm its suitability for this 

purpose has appeared from time to time (1 , 4, 6), but it has 
never been as generally used as its many advantages would 
seem to warrant. KolthofT (1), in comparing the relative 
merits of several substances as acidimetric standards, states 
that “the substance most to be recommended as a standard 
is borax.” Lindfors (S) recommends it highly for routine 
commercial work. The most probable reason for the failure 
of borax to come into common use is that it is a hydrated 
compound, and such compounds are not usually suitable for 
use as standards because of the difficulty of drying them under 
conditions such that none of the water of hydration is lost.

The methods which have hitherto been proposed for drying 
borax are not entirely satisfactory. The process of simple 
air-drying of recrystallized borax recommended by Lindfors 
(S) is not very safe, because the solution which remains on the 
surface of the crystals is alkaline enough to absorb carbon 
dioxide from the air with the formation of sodium carbonate or 
bicarbonate as an impurity (2). The technic of drying borax 
over moist sodium bromide, which is recommended by 
KolthofT (2), is open to two practical objections—namely,

that sodium bromide is relatively expensive, and that the 
drying process requires considerable time. Moreover, the 
suitability of this desiccant has recently been questioned by 
Menzel (5) on theoretical grounds. Menzel proposes in place 
of sodium bromide a solution saturated with respect to both 
sugar and salt (sucrose and sodium chloride), since this solu­
tion was found to have the proper vapor pressure for maintain­
ing borax in the decahydrated state over a wide range of 
temperature. This last desiccant, while it is apparently free 
from all theoretical criticism, is nevertheless objectionable be­
cause of its slow action. Unless an easy, rapid, and exact 
method for drying borax is available, its usefulness as a stand­
ard substance is obviously limited. In the present paper a 
very easy method of drying with alcohol and ether is described, 
and the purity of borax dried in this way is tested by com­
parison with borax dried by Menzel’s method and also with 
pure sodium carbonate.

P u rifica tio n  and  D ry in g  o f  Borax
Pure borax was prepared by the recrystallization of the 

c. p . material, using quantities of borax and water (50 ml. 
of water to every 15 grams of borax) such that no crystalliza­
tion could occur above 55° C., thus eliminating the possi­
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bility of the formation of the pentahydrate of sodium tetra­
borate (transition temperature, decahydrate <=* penta­
hydrate, 61° C.). The borax crystals were freed from mother 
liquor by suction, then washed twice with water.

The first method of drying consisted in washing the damp 
crystals with two portions of 95 per cent ethyl alcohol, followed by 
two portions of ethyl ether, each washing being followed by suction 
to remove the wash liquid. The portions of alcohol and ether 
used were about 5 ml. for 10 grams of the borax crystals. This 
drying treatment has been applied with success in analytical work 
to magnesium ammonium phosphate hexahydrate. Following 
the treatment with alcohol and ether, the borax was spread out 
in a thin layer on a watch glass and allowed to stand at room 
temperature to permit the evaporation of the ether.

The second method of drying consisted in spreading the damp 
crystals on a watch glass and placing it in a desiccator over a 
solution saturated with respect to both sugar and salt, the desic- 
cant recommended by Menzel.

S ta b ility  o f  Borax

Before proceeding to analytical tests of the purity of borax 
prepared and dried by the methods described, it was desired 
to gain some information about the stability of the substance 
in air a t room temperature, and in the presence of saturated 
sugar and salt solution. One of the principal advantages in 
the use of borax is that it may be weighed directly in air, 
since it is not hygroscopic. I t  has long been known, however, 
that borax loses its water of crystallization very slowly when 
kept in air at room temperature. In order to determine the 
rate at which this loss occurs, a 3-gram sample of borax, 
dried with alcohol and ether and allowed to stand overnight 
to permit the evaporation of the ether, was placed in a crucible 
and allowed to remain for a long period of time in contact with 
air at room temperature (24° to 33° C.). From time to time 
the crucible was weighed and the loss in weight noted. The 
loss of weight a t the end of several periods of exposure was 
as follows: 5 days, 0.027 per cent; 17 days, 0.050 per cent; 
25 days, 0.076 per cent; 52 days, 1.04 per cent. During the 
first 25 days the loss in weight was regularly about 0.1 mg. 
per day. Between the fifty-second and fifty-third days the 
loss amounted to 1.6 mg. I t  appears, therefore, that the rate 
of loss of water, though very small a t first, increases with time. 
I t  seems probable from these results that leaving borax for 
as long as a week or 10 days would be safe in ordinary work, 
except under very unusual conditions of temperature and 
humidity.

The stability of borax in the presence of saturated salt and 
sugar solution was also tested. Menzel (5) found that the 
maximum variation in weight of a sample of borax kept for 
12 months in a vacuum desiccator over this solution amounted 
to only —0.02 per cent. To test the efficacy of this solution 
in the drying of borax, 3.5 grams of damp borax crystals were 
spread out on a watch glass and placed in a desiccator over 
this solution. After 3 days the crystals appeared to be quite 
dry. The loss in w-eight on the fourth day amounted to only
0.1 mg., and after 52 days to 0.9 mg. (0.026 per cent). An­
other 3.5-gram sample of borax which had been dried with 
alcohol and ether also showed a loss of 0.026 per cent in weight 
on standing over sugar-salt solution for 55 days. I t  appears 
from these measurements that the desiccant proposed by 
Menzel is satisfactory, and that borax may be safely stored 
over sugar-salt solution for an indefinite length of time.

A further study of the stability of borax is now in progress.

P u r ity  o f  Borax D ried  w ith  A lcoh o l and  E ther

To ascertain whether the alcohol-ether method of drying 
yields pure decahydrated borax, samples purified and dried 
by this method were compared with another sample dried 
by Menzel’s method and also with pure sodium carbonate,

by means of hydrochloric acid. The borax dried with alcohol 
and ether was allowed to stand overnight before it was used. 
That dried over saturated sugar and salt was allowed to 
remain in the desiccator for a week. The pure sodium carbon­
ate used for the comparison was prepared from c. i\ sodium 
bicarbonate by the method of Reinitzer (7), and was dried 
to constant weight by heating at 270° to 300° C.

Standard solutions (0.05 M) of the borax samples and of 
sodium carbonate were prepared and 25-ml. portions of the 
solutions titrated with approximately 0.1 M  hydrochloric acid. 
All the instruments used in the preparation of the standard 
solutions and in the titrations were calibrated to give an 
accuracy of 0.1 per cent or better.

In the borax titrations methyl red was used as the indicator, 
and the end point was matched with a color standard pre­
pared by adding 5 drops of methyl red to 70 ml. of a solution 
containing 1.0 gram of sodium chloride and 2.2 grams , of 
boric acid in 500 ml. of water. This solution represents 
approximately the stoichiometrical point of the titration of 
25 ml. of 0.05 M  borax with 0.1 M  hydrochloric acid, assum­
ing 20 ml. of wash water to be used in the titration. This color 
standard must be boiled to remove carbon dioxide which may 
be dissolved in the water. If properly prepared it has a straw 
color, different from the pure yellow of methyl red in alkaline 
solution, but not yet pink. By the use of the color standard 
the borax titration may be performed without titration error 
(2), for the stoichiometrical point of the titration comes within 
the range of color change of methyl red. However, thé use of 
a color standard in routine work with borax is practically 
superfluous, since the color change of methyl red occurs- so 
rapidly and is so distinct that the first change from pure yellow 
may be taken as the end point without making any serious 
error. . :

The sodium carbonate titrations were performed at the 
boiling point, using methyl red. Under these conditions the 
titration error amounts to less than 0.01 ml. of 0.1 M  acid, 
which is beyond the limit of error of the buret readings. 
Methyl red was chosen in preference to methyl orange for 
the carbonate titration because the indistinctness of the 
methyl orange end point renders the measurements uncertain.

The molarity of the 0.1 M  hydrochloric acid was calculated 
from titrations against three samples of borax, two of which 
were dried with alcohol and ether and one over sugar-salt 
solution, and from one sample of sodium carbonated All 
four titrations gave the same molarity for the acid (0.1024 il/). 
This concordance indicates that the alcohol-ether method of 
drying borax is entirely satisfactory. In view of the ease with 
which the method may be carried out, the only disadvantage 
which has hitherto prevented the extensive use of borax— 
namely, the difficulty of obtaining the dry salt—appears to 
be now obviated.
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Loss o f Pyrethrins during Analysis o f Mineral 
O il-Pyrethrum  Extracts by the Seil Method
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T a b l e  II.

MINERAL oil-pyrethrum sprays for household use are 
ordinarily perfumed to cover the objectionable mineral 

oil odor. The perfumes used usually contain esters or other 
compounds which interfere with the determination of the ac­
tive principles, pyrethrin I  and pyrethrin II, by methods 
based on the titration of their mono- and dicarboxylic acids. 
Seil (2) and Ripert (1) suggest steam distillation of such prod­
ucts to remove the perfume before proceeding with the analy­
sis. Preliminary tests having indicated that there was a 
loss of pyrethrins in the analysis of these commercial extracts 
following Seil’s procedure, a more complete study of the 
method was made.

Three preparations of the mineral oil-soluble portions of py- 
rethrum were prepared by extracting 750-gram portions of 
powdered pyrethrum in a large extractor with petroleum ether 
(boiling range 35° to 40° C.) ; the petroleum ether was evaporated 
by immersing the flask in a water bath, the temperature of which 
was maintained between 50° and 55° C., and the residue was then 
treated successively with 200-cc. portions of the oil solvent, fil­
tered, and made to 6 liters with mineral oil. In the preparation 
of sample A a commercial purified white mineral oil of the type 
used as a base for commercial household fly sprays was used as a 
vehicle, and for samples B and C kerosene highly purified in the 
laboratory was used. (The purified kerosene used had a dis­
tillation range from 165° to 300° C. with 84 per cent distilling 
between 175 and 250°, while the fly spray oil base had a distilla­
tion range from 200° to 250° C.) No perfume or other interfer­
ing substances were added. These prepared samples were stored 
in brown glass bottles in a dark cupboard from which they were 
removed only during the actual time of sampling.

These preparations were analyzed by the Seil method, sub­
jecting them to steam distillation just as though perfume were 
present. Since the volume of distillate necessary to remove 
all the perfume from commercial samples varies within 
rather wide limits, four 100-cc. aliquots of each sample 
were distilled and distillates of 250, 500, 1000, and 1500 cc., 
respectively, were collected, in order to simulate conditions 
met in the analysis of commercial samples. Pyrethrins were 
determined in the distillate as well as in the residue remaining 
in the distillation flask. As a means of comparison pyretli- 
rins were also determined in the original samples without 
steam distillation.

In making the analyses the procedure outlined by Seil was 
followed as closely as possible. However, because of the for­

T a b l e  I. P y r e t h r i n s  D e t e r m i n e d  i n  P y r e t h r u m  E x t r a c t s  a f t e r  S t e a m

mation of emulsions during the steam distillation and also 
during the boiling off of the alcohol after the saponification, it 
was necessary to introduce slight modifications. The emul­
sion formed in the flask during the steam distillation was 
broken by adding a small quantity of saturated sodium sul­
fate solution and 25 to 50 cc. of petroleum ether. The emul­
sion formed during the boiling of the alkaline solution after 
saponification was more difficult to break, but separation 
usually was possible after adding a little petroleum ether and 
a few cubic centimeters of a 20 per cent sodium hydroxide 
solution.

¿ifter titrating for pyrethrin I  in the portions of the dis­
tilled oil, the qualitative color test described by Seil (2) was 
also applied. In each case the test was positive, showing that 
the chrysanthemum monocarboxylic acid was definitely 
present.

The analytical results are given in Tables I and II. The 
results in Table I  show that there is a progressive loss in the 
pyrethrin content of the sample during the steam distillation.

P y r e t h r in s  D e t e r m i n e d  i n  P y r e t h r u m  E x t r a c t s  
w it h o u t  S t e a m  D is t i l l a t i o n

Sample P y re th rin  I P y re th rin  I I T o tal
M g ./100 cc. M g ./100 cc. M g ./100 cc.

A 31 .7 4 5 .2 76 .9
B 36 .4 4 7 .5 83 .9
C 24 .6 52 .0 76 .6

D i s t il l a t io n

Volume of P y reth rin s  in  D is tilla te P y reth rin s  in  Residue
D istilla te P y re th ­ P y re th ­ P yretn - P y re th ­ T o tal

Sam ple W ater Oil rin  I rin  11 T o ta l r in  I rin  I I  T o ta l P yreth rins
M g ./ M g ./ M a ./ M a ./ M a ./ M a ./ M a ./

Cc. Cc. 100 cc. 100 cc. too cc. 100 cc. 100 cc. 100 cc. 100 cc.
A 250 4 .1 3 .4 7 .6 2 4 .0 3 4 .6  58 .6 66 .1

500 *90 6 .4 3 .6 10 .0 24 .0 3 1 .3  55 .3 65 .3
1000 90 5 .0 4 .9 9 .9 22 .4 3 3 .1  55 .5 65 .4
1500 95 6 .4 3 .3 9 .7 19.5 2 9 .4  4 8 .9 58 .6
500* 105 N o t determ ined 2 5 .6 3 3 .3  58 .9

B 250 50 3 .5 2 .4 5 .9 2 7 .6 3 7 .9  65 .5 7 1 .4
500 75 4 .3 3 .2 7 .5 26 .7 3 5 .4  62 .1 69 .6

1000 80 4 .3 2 .2 6 .5 25 .4 3 1 .5  56 .9 63.4
1500 90 4 .3 2 .6 6 .9 23.7 3 2 .2  55 .9 6 2 .8
1000& 70 3 .3 2 .0 5 .3 26 .9 3 4 .0  60 .9 66 .2

C 260 50 5 .6 2 .0 7 .6 12.6 3 4 .0  4 6 .6 54 .2
500 70 5 .8 2 .2 S.O 10.5 3 5 .7  46 .2 54 .2

1000 90 7 .3 3 .1 10 .4 10.9 3 3 .0  43 .9 5 4 .3
1500 95 6 .6 2 .9 9 .5 9 .9 3 0 .8  40 .7 5 0 .2

° D istilla tion  m ade afte r add ition  of 100 cc. of a  com m ercial fly sp ray  oil base.
fr D istilla tion  m ade afte r add ition  of 50 cc. of purified high boiling m ineral oil.

In two cases the method of distillation was modified with 
the idea of holding a larger proportion of oil in the distillation 
flask. In the first case 100 cc. of the fly spray oil base were 
added to the aliquot to be distilled and in the second case 50 
cc. of a highly purified mineral oil having a distillation range 
of from 300° to 400° C. were added before distillation. In 
each case there was a slight increase in the pyrethrins re­
covered but the loss was still considerable. This loss is only 
partially due to volatilization of the pyrethrins with the 
steam. A large part is due to decomposition or other chemi­
cal change, as is shown by the fact that the sum of the pyreth­
rins determined in the distillate and in the residue is con­
siderably below the value obtained by direct saponification 
of the sample.

S u m m a ry

A study of the Seil method for the de­
termination of pyrethrins in mineral oil 
extracts of pyrethrum shows that there 
is a loss of pyrethrins during the steam 
distillation for the removal of perfume. 
The loss is due to volatilization with 
steam and to decomposition or other 
chemical change. In the case of the 
materials here reported the loss approxi­
mated 25 per cent of the pyrethrins.

L iteratu re  C ited
(1) R ip e r t ,  A n n . fa l s . ,  27 , 5 7 7 -9 5  (1934).
(2) S e il, S o a p , p . 89  (M a y , 1934).

R e c e i v e d  M arch 16, 1936.

222



A Óne-Piece Glass Micro-Kjeldahl D istillation  
Apparatus

P A U L  L. K IR K , U n iv e r s ity  o f  C a lifo rn ia  M ed ica l S c lio o l, B erk eley , C alif.

DESPITE the popularity and increasing use of the micro- 
Kjeldahl method for nitrogen determination, there have 
been few fundamental improvements of the distillation ap­

paratus originated by Parnas and Wagner (S). Their design 
has a number of inherent drawbacks which are generally 
recognized. Schulek and Vastagh (4) criticize the use of 
rubber connections. In some cases these have been replaced by 
glass joints, but this increased the fragility of the apparatus 
and rendered it difficult to assemble. Neither did it improve 
the design with regard to the number of pieces to be mounted 
and table space occupied. Hoppe-Seyler (1 ) has eliminated 
a portion of the clumsiness of the apparatus, but has also 
increased fragility without a large gain in compactness.

Since it has been found in this laboratory and elsewhere (2) 
that condensers of Pyrex brand glass gave results identical to 
those of silver, a completely now Kjeldahl distillation ap­
paratus was designed. (It was constructed through the 
cooperation of C. M. Flanders, Box 232, Berkeley, Calif., 
who can now supply this apparatus in quantity.)

Tests of this apparatus showed it to have a number of 
points of superiority over the usual type of equipment. All 
rubber connections were eliminated from the distillation train; 
danger of breakage was reduced by the strong, compact 
construction; multiple outfits were easily built up, because 
of the upright shape and small size; considerably less at­
tention during the course of distillation was necessary; 
only one burner was used to operate the apparatus and one 
clamp to hold it in place; very little condensation of steam 
occurred in the flask; and no diminution in volume took place 
during distillation.

With a single distillation 
outfit, the time re q u ire d  
fo r an  a n a ly s is  was not 
shortened; but, owing to 
the very slight attention re­
quired during distillation, 
one o p e ra to r  could con­
veniently operate a small 
battery and save time in 
this way. Only one pre­
caution was found neces­
sary, i. e., prevention of 
sucking back of the sample.
This was readily acco m ­
plished by the p ro c e d u re  
described below.

E xp erim en ta l
The apparatus, shown [in 

Figure 1, consists of a dis­
tillation flask, the bulb of 
which contains 25 to 35 ml., 
inclosed in a glass jacket 
which serves as a steam gen­
erator. A tube sealed inside 
the flask and opening into 
the generator leads s te a m  
through the solution being 
distilled. The arm of a Y 
in this tube is sealed through 
the wall above the generator
to  th e  filling funnel. A bove F ig u r e  1

the flask is a trap and head leading to a small glass internal 
condenser which drains through a vertical delivery tube into the 
receiver. An overflow and by-pass carry the condenser water 
either to the drain or to the steam generator, which is equipped 
with an auxiliary drain tube. The total height of the apparatus 
is 35 cm. (14 inches). The steam generator jacket is 42 mm. in 
diameter and 16 cm. in height, the bulb being 60 mm. in diameter. 
The internal effective portion of the condenser is 18 mm. in di­
ameter and 55 mm. in length.

T a b l e  I. A n a l y s i s  o p  N i t r o g e n - C o n t a i n i n g  S o l u t i o n s

--------------------Sam ple— Nitrogen
Substance N itrogen Found E rro r

Mg. Mg. %
(NH4)sS04 0.210 0.2096 - 0 . 2

0.2082 - 0 . 8
0.2082 - 0 . 8
0 .2096 - 0 . 2

(NHOiSOi 0.418 0.420 - f  0 .5
0.417 - 0 . 2
0 .420 4-0 .5
0 .420 + 0 .5

U rea 0.792 0.783 - 1 . 1
0.787 - 0 . 6
0 .786 - 0 . 7
0 .785 - 0 . 8

p-Amino 0.388 0.387 - 0 . 3
benzoic acid 0 .388 0000

0.387 - 0 . 3
0 .388 0000

p-Amino 0.762 0.758 - 0 . 5
benzoic acid 0.761 - 0 . 1

0 .762 0000

Around the steam generator may be wrapped an insulating 
asbestos jacket (not shown) to prevent sudden cooling from 
draughts. A few boiling chips of porcelain or silicon car­
bide are used in the generator to prevent irregular boiling. 
Silicon carbide chips are superior to those of porcelain. It was 
found desirable to use a moderate flame for the initial heating and 
a strong flame as soon as boiling started. Only at this point was 
there any tendency to suck back. As soon as distillation started, 
no further attention was necessary.

The apparatus was used in a fashion similar to the usual 
micro-Kjeldahl distillation. The digested sample was rinsed 
in through the filling funnel, followed by the caustic, with 
formation of two layers in the flask. With the by-pass and 
generator drains closed with pinchcocks, the water in the 
generator was heated to boiling and the steam distillation 
continued for 5 minutes, after which the receiver was lowered 
and rinsed internally by heating 1 or 2 minutes longer. The 
outside of the delivery tube was rinsed into the receiver. On 
removing the flame, the condensation of steam served to suck 
the contents of the flask into the generator. This usually 
required about a minute, and could be accomplished in­
stantaneously by opening the by-pass pinchcock momentarily, 
thus admitting a trickle of cold water. The flask was rinsed 
with distilled water which promptly sucked into the generator. 
The generator drain was opened, followed by the by-pass, 
thus allowing the condenser water to flush out the generator, 
an operation requiring only a short time. The apparatus 
was then ready for the next sample, which could be introduced 
while the generator was still being flushed.

Some typical analyses are shown in Table I. Excellent
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checks were readily obtained, though the absolute accuracy of 
the method is not notably different from the usual micro- 
Ivjeldahl, since no fundamental operations -are altered. 
Modifications tending to eliminate inherent errors may be 
made as easily as with the older forms of equipment.

This work was aided by a grant from the Research Board of 
the University of California.

L itera Lure C ited
(1) H o p p e -S e y le r , F .  A ., M ikro ch em ie , 10, 446  (1931).
(2) K c m m e re r , G ., a n d  H a lle t ,  L . T . ,  I n d .  E n g .  C h em ., 19, 1295

(1927).
(3) P a rn a s ,  I .  K .,  a n d  W ag n e r, R .,  Biochein . Z., 125, 253 (1921).
(4) S ch u lek , E .,  a n d  V a s ta g h , G ., Z. a n a l. C hem ., 92, 352 (1933).

R e c e i v e d  February  26, 1936.

Laboratory Bubble-Cap Columns o f Glass
JO H A N N E S II. H RUUN, S u n  O il C o m p a n y  R esea rch  L ab oratory , N o rw o o d , P a.

T h is paper c o n ta in s  a d escr ip tio n  o f  two  
a ll-g la ss  b u b b le-ca p  c o lu m n s o f  a greatly  
im p roved  d esig n . T h ese  co lu m n s are ex­
ceed in g ly  easy to  op erate an d  m ay  b e  used  
for vapor v e lo c ities  up  to  31.3 and  65.5 
c m . (1.0 and  2.2 feet) per secon d , resp ec­
tively . S in ce  th e  h e ig h t o f  th e  eq u iva len t  
th eoretica l p la te  o f  o n e  o f  th ese  c o lu m n s is  
ab ou t 2 c m ., i t  is  n ow  feasib le  to  b u ild  
c o lu m n s w ith  sep a ra tin g  pow ers eq u iv a len t  
to b e tw een  100 and  150 th eoretica l p la te s  in  
a laboratory  o f  average h e ig h t.

IX PREVIOUS papers (5, 3) various all-glass bubble-cap 
columns for laboratory use have been described. These 

columns have been used extensively for many years by a 
variety of different laboratories and have been found excep­
tionally valuable, particularly for distillations of mixtures 
containing organic compounds that tend to undergo decompo­
sition or chemical changes under the catalytic influence of 
metal packings.

Since the time of the last publication it has become appar­
ent to the writer that important improvements in the effi­
ciency of these columns could be made if the height of the

F i g u r e  1 . R e d e s i g n e d  B u b b l e - C a p  C o lu m n ,  
2-Csi. S e c t i o n s

Slots in  bubble cap, as  show n, abou t 0.5 to  1 m m . wide and 
3 mm. de«p. a t  an  angle of 30° w ith  rad iu s, fire-polished. 
M aterial. Pvrex laborato ry  glass. All dim ensions a re  in 

m illim eters. E xac t dim ensions a re  circled.

F i g u r e  2 .  R e d e s i g n e d  B u b b l e - C a p  C o l u m n ,
4 -C m . S e c t io n s

Slots in  bubble cap, as shown, ab o u t 0.5 to  1 m m . wide 
and  5 mm. deep, a t  an  angle of 30° w ith radius, fire- 
polished. M aterial, Pyrex labo ra to ry  glass. All d im en­
sions are in m illim eters. E xac t dim ensions are circled.

individual plate sections could be reduced without a corre­
sponding sacrifice in vapor velocity.

R eco n stru c tio n  o f  th e  B u b b le-C ap  C o lu m n

A series of short (2-plate) experimental columns having 
the same internal diameter, but of different designs and di­
mensions, was made up successively, and tested with respect 
to vapor velocity, holdup, plate efficiency, ease of operation, 
etc. The data obtained during the operation of these ex­
perimental columns have led to a complete redesign of the 
glass bubble-cap column, with the result that the degree of 
separation (number of theoretical plates per meter) now ob­
tainable by columns of the new design is up to 400 per cent 
as high as that obtained with the old column of the same 
height and diameter.

Detail drawings of the redesigned bubble-cap columns are 
given in Figures 1 and 2. While these figures represent 
columns containing only three plates each in addition to the 
liquid seal customarily used between the still pot and the 
column, any desired number of plates may be added to the 
columns. Readers who are not familiar -with the working 
principles of these columns are referred to the earlier paper 
(S).
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F i g u r e  3. V a r i a t i o n s  o f  t h e  H e i g h t  o f  
t h e  E q u i v a l e n t  T h e o r e t i c a l  P l a t e  

w i t h  R a t e  o f  B o i l i n g
C arbon tetrach loride-benzene m ixture

By comparing the columns shown in Figures 1 and 2 with 
that of the same internal diameter described in the earlier 
publication (S), it may be noted that the following major im­
provements have been made:

1. The “holdup” of liquid per section has been reduced to a 
mere fraction of its former value. Thus the columns shown in 
Figures 1 and 2 have holdups of 0.7 and 1.4 ml., respectively, 
per plate, which represent only about 16 and 32 per cent, re­
spectively, of the former holdup (4.4 ml.). These values apply 
to the columns while in normal operation, during which about 
50 to 60 per cent of the liquid on the plate is displaced by vapor.

2. The vertical slots in the bubble caps have been ground 
at an angle of about 30° with the radii, in such a manner that the 
vapor bubbles will be forced to describe a circular motion around 
the bubble caps. This will naturally lead, not only to a more in­
timate contact and prolonged rectification between the ascend­
ing vapor and the descending reflux liquid, but also to a decided 
improvement in the circulation of the liquid on the plates. It is 
also believed that the new type of slots will have a tendency to 
reduce entrainment at higher rates of distillation.

T a b l e  I. E f f i c i e n c y  R u n s  U s i n g  M i x t u r e s  o f  C a r ­
b o n  TETRACHLORlnE AND BENZENE 

( T o t a l  R e f l u x )

M ole per cent N um ber
H eight R ate of CC1« of Theo­

Colum n (25-M m . Inside of of Still T op  of retical H .E .-
D iam eter) Colum n Boiling po t column Plates — 1 T .P .

Cm. M l./m in . Cm.
5-P late  colum n in 2-cm. 5 .1 26 .6 44 .6 5 .4 1.9

sections (F igure 1) 10 9 .8 26.6 42 .9 4 .8 2 .1
21 .5 26 .6 39 .7 3 .7 2 .7

5-P late  colum n in 4-cm. 4 .5 27.1 42.4 4 .4 4 .5
sections (F igure 2) 20 10.3 27.1 41 .6 4 .2 4 .8

24 .6 26 .9 39 .7 3 .7 5 .4
5 -P late  colum n in 8-cm. 4. S 26 .6 45 .6 5 .7 7 .1

sections, old colum n (3) 40 20 .7 26 .6 43.1 4 .9 8 .2

T a b l e  II. E f f i c i e n c y  T e s t  R u n s  U s i n g  M i x t u r e s  o f
n-H E PT A N E  AND TOLUENE

( T o t a l  R e f l u x )

M ole per cent N um ber
H eight R ate of C7H1. of Theo­

Colum n (25-M m. Inside of of Still Top of retical H .E .-
D iam eter) Colum n Boiling po t column Plates — 1 T .P .

Cm. M l./m in . Cm.
5-P late  colum n in  2-cm. 2 .5 9 .9 57 4 .9 2 .0

sections (F igure 1) 10 5.1 9 .9 55 .2 4 .7 2.1
10 9 .9 52 .5 4 .3 2 .3
20' 9 .9 48 .7 3 .8 2 .6

5-P late  colum n in 4-cm. 3 .6 9 .9 58 5 .1 3 .9
sections (F igure 2) 20 7 .5 9 .9 55 4 .7 4 .3

11.7 9 .9 53.2 4 .4 4 .5
20 .7 9 .9 51 .0 4 .2 4 .8
31 .2 9 .9 49 .8 4 .0 5 .0

5-P late  colum n in S-cm. 7 .3 9 .9 57.5 5 .0 8 .0
sections, old colum n (3) 40 2 2 .0 9 .9 57 .5 5 .0 8 .0

29 .3 9 .9 54.5 4 .6 8 .7

3. Perhaps the most important improvement is the elimina­
tion of the excessive vapor friction exhibited by the earlier 
bubble-cap columns through an unproportionally high liquid 
head in the side arms. This vapor friction constituted a 
serious drawback, inasmuch as the individual plate sections 
had to be made unnecessarily high (8 cm.) if the columns 
were to be used for ordinary rates of distillation. The cause of 
the friction was found to be inadequate clearance between the 
“vapor riser” and the bubble cap. By providing a clearance of
2.5 to 3 mm. at this point, the author has found that, at ordinary 
rates of boiling, the liquid level in the side arms rarely rises 
above the value corresponding to the hydrostatic head of the 
plate above (Figure 5).

4. The hydrostatic pressure difference between two suc­
cessive plates—that is, the height of the liquid on each plate—has 
been reduced from 30 mm. in the older column to 5 mm. in the 
column described in Figure 1 and to 10 mm. in the column shown 
in Figure 2. Because of the more intimate contact provided 
between the vapor and liquid by the above-mentioned angular 
slots, this reduction has been accomplished without an appreciable 
sacrifice in plate efficiency.

As shown in Figures 1 and 2, the height of each plate sec­
tion, formerly 80 mm., has been decreased to 20 and 40 mm., 
respectively. This accomplishment obviously reduces the height 
of a column containing a certain desired number of actual plates 
to one-fourth and one-half, respectively, of its former value.

E ffic iency  D a ta  o n  th e  N ew  C o lu m n

In order to obtain strictly comparable data on the relative 
efficiencies of the reconstructed and the older type bubble- 
cap columns, a 5-plate column was made of each of the three 
types and tested under identical and carefully controlled con­
ditions. Each column was surrounded by means of an elec­
trically heated transite jacket, provided with glass windows 
and thermometers, so that the columns could be operated 
without heat loss during the test runs. For each efficiency 
run a charge of 1500 ml. of the test mixture was used, and,the 
column was allowed to operate under total reflux until equi­
librium had been obtained. The rate of boiling at the top 
of the column was calculated by the usual method (4) from 
the amount of heat absorbed by the condenser water. A 
sample was taken from the top of the column as well as from 
the still pot, and from the analysis (by means of refractive 
index) of these fractions and from the vapor-liquid composi­
tion diagrams, the theoretical number of plates required to 
effect the accomplished separation was calculated by the 
method of McCabe and Thiele (5). By dividing the actual 
height of the column used by the number of theoretical plates 
corresponding to the degree of separation effected, the height 
of the equivalent theoretical plate (H. E. T. P.) was derived. 
Account was taken of the separation accomplished in the 
still pot by subtracting one plate from the theoretical number 
deduced from the McCabe-Thiele diagram. The results of 
the efficiency runs are tabulated in Tables I and II.

Each of the three columns was carefully tested a t various 
rates of boiling and by means of two different kinds of test

F i g u r e  4 . V a r ia t io n s  o f  t h e  H e ig h t  o f  t h e  
E q u iv a l e n t  T h e o r e t ic a l  P l a t e  w i t h  R a t e  

o f  B o il in g

n-H eptane-to luene m ixture
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mixtures, notably, carbon tetrachloride-benzene (difference 
in boiling points =  4.1° C.) and w-heptane-toluene (differ­
ence in boiling points = 12° C.).

The vapor-liquid composition diagram as well as the re­
fractive index curve for the carbon tetrachloride-benzene 
system was calculated from the data published by Rosanoff 
and Easley (6), while the corresponding data for the system 
heptane-toluene were taken from the experimental values 
(based upon density measurements) of Bromiley and Quiggle
CO.

In Tables I  and II, it is noted that while the heights of the 
three columns used are widely different and vary from 10 up 
to 40 cm., the effected separations of the test mixtures are 
very much the same. As a result of the reconstruction of the 
bubble-cap column the height of the equivalent theoretical 
plate has been reduced from about 8 cm., in the case of 
the older column, to about 2 cm. for the column shown in 
Figure 1.

For the lower rates of boiling, some of the plate efficiencies 
obtained were above 100 per cent. I t  is believed that this 
inconsistency was contributed largely by errors in data used 
for the construction of the vapor-liquid composition curve, 
since a comparatively small error in this diagram will have a 
large effect upon the calculated plate efficiency.

In Figures 3 and 4, the heights of the equivalent theoreti­
cal plates for the various columns have been plotted against 
the rate of boiling. The effect of the rate of boiling is small 
in comparison with the difference in height of the equivalent 
theoretical plate between the various columns tested. Thus 
the column shown in Figure 1, for instance, even if operated 
a t a rate of 21.5 ml. per minute, or near its maximum or most 
inefficient rate, would still have an “H. E. T. P .” which would 
only be about 38 per cent of that of the old column operated 
a t its minimum or optimum rate (see Figure 3).

T a b l e  III. M a x i m u m  V a p o r  V e l o c i t i e s  a n d  R a t e s  o f  
B o il i n g

Column

As shown in Figure 1, 
20-mm. sections 

As shown in Figure 2, 
40-mm. sections 

Old design (5), 
80-mm. sections

Table I I I  shows the maximum vapor velocities and rates 
of boiling a t which the columns, in the absence of bumping, 
may be operated without flooding. Since these tests were 
carried out with benzene, it is evident that a higher rate of 
boiling in milliliters per minute should be expected if liquids 
of higher molecular weights were used.

C o n clu sion s

Referring to the column shown in Figure 1, it is noted that 
the height of the equivalent theoretical plate for this column 
is only about 2 cm. (about 0.75 inch). This value appears to 
be smaller than tha t reported for any other column in the 
literature, regardless of the diameter.

The column shown in Figure 2 can be used for vapor ve­
locities up to 65.5 cm. per second (2.2 feet per second) as 
against 31.3 cm. per second (1.0 feet per second) for the col­
umn shown in Figure 1, and is therefore recommended for use 
in laboratories where speed of distillation is essential. For 
most purposes, however, the column shown in Figure 1 is to 
be preferred, since the degree of separation in this column is 
200 per cent as great as that obtained in the column shown in 
Figure 2 and about 400 per cent as great as the older type of 
bubble-cap columns.

a t  T op of Colum n, 
M l./M in . of Benzene

Vapor Velocity 
a t  T op of Colum n

Cm./sec. Ft./8CC.

30 31 .3 1 .0

64 65 .5 2 .2

41 42.4 1 .4

F i g u r e  5 .  O p e r a t i n g  
R a t e  o f  C o l u m n  a s  a  
F u n c t i o n  o f  L i q u i d  

L e v e l  i n  S i d e  A r m s

A .  Flooding po in t
B . M axim um  operating  ra te
C. N orm al operating  ra te

In a laboratory of average height, it is possible to build a 
column containing between 100 and 150 plates (height 2 and 
3 meters, respectively) of the design shown in Figure 1, 
while only half that number of plates could be used with the 
column shown in Figure 2.

While it has been shown that 
th e  e ff ic ie n c y  as well as the 
throughput of columns containing 
metal packings decreases as a re­
sult of corrosion (4), the columns 
described in this paper have the 
o b v io u s advantage of retaining 
their efficiencies in d e f in i te ly .
Thus, strictly reproducible results 
can be obtained over indefinite 
periods of time.

As the older type of all-glass 
b u b b le -c a p  columns has been 
shipped by the manufacturer to 
distant places, and as they have 
been used extensively by many 
laboratories without a single re­
ported breakage, it- is believed that the new columns, prop­
erly mounted (3), should be a t leastr as sturdy and long- 
lasting.

The new columns are exceedingly easy to operate. For a 
given liquid the jacket- temperatures may be varied within 
wide limits without causing any disturbances or flooding, and 
the columns require, practically speaking, no attention ex­
cept that of charging as well as removal of the distillate frac­
tions. Another unique feature of the new columns is the fact 
that it is possible for the operator, by a glance a t the liquid 
levels in the side arms, to get a rough indication of the rate of 
boiling. As shown in Figure 5, the liquid level is consider­
ably higher up in the arm when the column is operating near 
its flooding point. With this in mind, the column may be 
adjusted to a safe operating rate and then left, more or less, 
to take care of itself.

M a n u fa c tu r in g  o f  C o lu m n s

The columns described in this paper have been made by 
the Otto R. Greiner Company, 55 Plane St., Newark, N. J. 
In order to avoid any misunderstanding, it should be noted 
that both of the columns described in this paper (Figures 1 and 
2) are entirely different and much superior to an unpublished 
column (40-mm. sections) which has been designed by the 
author and made by the same manufacturer during the past 
two years.
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A Sim ple Laboratory Shaking Machine
JO H N  II. IIIG IIB E R G E R , D e p a r tm e n t o f  L ea th er  R esea rch , U n iv ersity  o f  C in c in n a ti, C in c in n a ti,  O h io

F ig u r e  1. L a r g e  M o d e l

MOST of the laboratory shaking machines on the market 
suffer from the faults of overcomplication and lack of 

adaptability. Inasmuch as agitation is a frequent and 
important operation in this laboratory, both in analytical and 
experimental work, considerable thought was devoted to the 
design of a machine which would present the utmost in sim­
plicity and versatility. I t  was particularly desired to keep 
as simple as possible the method of holding in place the con­
tainers to be agitated, and a t the same time permit the 
simultaneous use of different sizes of vessels on the machine. 
The principle adopted to these ends, and incorporated in the 
two machines shown in Figures 1 and 2, has been in satis­
factory use in this laboratory for the past 3 years.

The larger of the two machines, shown in Figure 1, will accom­
modate 24 bottles of any size up to about 2 liters. The body con­
sists of a rectangular box 30.5 X 30.5 X 61 cm. (12 X 12 X 24 
inches), from each side of which projects a 30.5 X 61 cm. (12 X 
24 inch) board, mounted on its long edge along the center fine of 
the box. The boards, which are of 1.91-cm. (0.75-inch) stock, 
are fastened to the box with screws, and held rigidly in place by 
means of 1.91-cm. (0.75-inch) strap iron supports. Three slots, 
5.1 X 17.8 cm. ( 2 X 7  inches), are cut in the lower side of each 
board, next to the face of the box. The whole is mounted, by 
means of two short lengths of 3.014-cm. (1.187-inch) steel shaft 
secured to the ends of the box by means of metal face plates, be­
tween two inverted pressed-steel shaft hangers, which serve as 
supports. Ring oiling bearings are used in the hangers, which are 
of 58.4-cm. (23-inch) drop, mounted on wooden blocks so that 
the shaft center is 67.3 cm. (26.5 inches) above the floor. The 
machine is rotated by a belt drive through a speed reducer of 50 
to 1 ratio, driven by a 0.25 h. p. motor. Speeds of 30 to 60 r. p. m. 
are satisfactory for most purposes, and may easily be altered to 
suit the particular work by means of multiple pulleys.

The essential idea of the machine is the method of holding 
the containers in place. For this purpose use is made of large 
circular elastics cut from discarded rubber inner tubes. For 
most sizes of bottles or jars these are most satisfactorily cut

in 6.4- to 7.6-cm. (2.5- to 3-inch) widths. Such an elastic is 
slipped around the container, which is then set on the box 
next to one of the slots. The elastic is then pulled through the 
slot from the other side of the board, and stretched to permit 
the insertion of a second container on that side. The con­
tainers are thus securely held in pairs, one on each side of the 
board, and their attaching or removal is merely a m atter of 
slipping the elastic on or off. For the larger sizes of containers 
the elastics should be cut from one of the large-size inner 
tubes used in truck tires. These are easily obtainable a t most 
garages.

For use with smaller sizes of containers the modification 
shown in Figure 2 was suggested by W. P. Doelger of this 
department. The same method of fastening the bottles on 
the machine is used, but as the weight is not so great in this 
case, no base is necessary for them to rest on, and they are 
supported only by the elastics passed through the slots as 
before.

The apparatus consists essentially of a 2.54-cm. (1-inch) oak 
board, 91.4 cm. (36 inches) long, which rotates about its long 
axis. Five 5.1 X 20.3 cm. ( 2 X 8  inch) slots make it possible 
to accommodate 10 containers. The board is suspended between 
two shaft hangers by means of two 20.3-cm. (8-inch) lengths of 
2.54-cm. (1-inch) steel shaft, each of which is welded to a pipe 
flange bolted to one of the end pieces of the board. The shaft 
hangers are of 20.3-cm. (8-inch) drop and are mounted by means 
of wooden blocks so that the shaft center is 24.1 cm. (9.5 inches) 
above the table top. The machine is driven by a 0.125 h. p. 
motor operating through a speed reducer of 50 to 1 ratio.

F i g u r e  2 . S m a l l  M o d e l

The relative cheapness of such a machine is realized from 
the fact that the cost of the smaller model was approximately 
fifty dollars. This includes the motor and speed reducer, 
and the cost of welding the pipe flanges to the shaft. The 
cost of the larger model is naturally somewhat higher, 
principally because of the use of larger shaft hangers and 
motor. A saving could probably be effected in the construc­
tion of these machines by the substitution of wooden supports 
for the pressed-steel shaft hangers, but the convenience and 
neat appearance of the latter, together with the ease with 
which the shaft may be properly aligned by means of their 
adjusting screws, makes their added expense well justified.

A ck n o w led g m en t

The writer is indebted to E. K. Moore of this department 
for much help in the design and construction of these ma­
chines.

R e c e i y e d  M arch 12, 1936.



Nomographs for D eterm ining Molecular W eights 
by the Freezing Point and B oiling Point Methods
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F i g u r e  2 . M o l e c u l a r  W e i g h t  N o m o ­
g r a p h

TITO determination of molecular weights is a common step 
after the ultimate organic analysis of a compound. As a 
rule the data obtained are less accurate than the nomographs, 

which are satisfactory for all practical purposes. The method 
makes use of two sets of analogous equations. The boiling 
point equations are the same as those given here for the freez­
ing point method, and the same charts are used for both.

K, = TV /  503 lf (1)
m = l000Kf X g  /  G X A7> (2)

where Kt  represents the molal depression of the freezing point 
To, the freezing point of the solvent in degrees Kelvin 
I/, the latent heat of fusion in calories per gram 
G, the weight of solvent
g, the weight of solute, expressed in the same units 

m, the molecular weight of the solute 
A7/, the observed freezing point depression

The correction of temperature to the Kelvin scale is taken care 
■of in the charts, so that Centigrade temperature is used.

In case a value falls off the chart, as in the case of L for 
water, divide by 10 (for simplicity’s sake); running the line 
from 53.9 through 100° C., we obtain a value on the K f line 
which, when divided by the same number, 10, gives the proper 
value of K f (Figure 1).

In the formation of the second nomograph (Figure 2), as 
there are four variables, a turning line is necessary. Its use 
may be illustrated by the following example:

Experimental data give a ratio g/G of 0.010, the difference in 
temperature between the freezing point of solvent and solution 
was 1.000° C., and Kf was 10.0. Draw a straight line from 10 on 
the K  line to 0.01 on the g/G line. From the point where this line 
intersects the turning line, draw a straight line through the m 
line and the point 1.000 on the AT line. The value of m is then 
read as 100, the proper value.
R e c e i v e d  June 19, 1935.
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P ipet for T itrating Dark-Colored Liquids in  Two Phases
M IL D R E D  M . IIIC K S -B R U U N  a n d  LAW RENCE W . C L A FF E Y , S u n  Oil C o m p a n y  R esea rch  L ab o ra to ry , N o rw o o d , P a .

IN  THE p e tro le u m  
and other industries 

it is often necessary to 
d e te rm in e  th e  free 
acidity as well as saponi­
fication numbers of dark- 
colored substances. As 
m any  of th e se  su b ­
stances have compara­
t iv e ly  h igh  m e ltin g  
points and are very little 
soluble in alcohol, in re­
cent years it has become 
th e  p ra c tic e  to use a 
benzene-alcohol solu­
tion, both for titrations 
with aqueous alkali (1 , 
4), and as a saponifica­
tio n  m ed ium  w ith  
caustic potash and sub­
s e q u e n t titration with 
a q u eo u s  acid (5). In 
either case the addition 
of an aqueous solution 
to  th e  benzene-alcohol 
m ix tu re  precipitates a 
second layer; the dark- 
co lo red  substance re­

mains in the upper phase (the benzene-alcohol layer), while 
the acidic constituents and excess alkali remain in the aqueous 
alcoholic layer. Coburn (4) has pointed out that sodium 
chloride may be added to render the two-phase separation 
sharper.

Methods in which the benzene-alcohol solution is used are 
often helpful in the determination of the end point, and more­

over a top benzene layer serves to protect caustic alkali 
solutions from atmospheric carbon dioxide during titration. 
However, the top layer is often dense and black and refuses 
to remain intact during the necessary swirling of the flask in 
titration. Furthermore, after the two layers are broken it 
not only requires several minutes for them to separate again, 
but also it is difficult to determine the exact end point of a 
yellowish or reddish solution beneath a heavy black layer.

To meet this need a pipet wras devised in this laboratory 
which materially aided the operator’s ability to determine the 
end point. The pipet was made a convenient length to remain 
in the titration flask throughout the titration, and may be of 
clear glass or with a white background. From time to time, 
the stopcock was opened and a convenient depth of the liquid 
was sucked into its stem by means of the rubber bulb, after 
which the stopcock was closed. If a portion of the benzene 
layer entered the pipet, it rose to the top of the liquid. The 
color of the indicator could then be closely observed and the 
liquid returned to the flask by opening the stopcock and apply­
ing pressure to the bulb. In this manner the progress of the 
titration could be noted until a satisfactory end point had been 
reached.

Although there are several titration flasks with forms of 
sealed-in tubes, such as those of Bezzenberger (3) and Baader 
(2), the pipet here described was found not only to be simpler 
and more effective, but also better adapted for the technic 
of saponification numbers. Many uncertainties in the end 
points of dark-colored solutions have been avoided by its use.

L itera tu re  C ited
(1) Albert, K., Albertschrift, No. 15, p. 55.
(2) Baader, C h e m .-Z tg 50, 891 (1926).
(3) Bezzenberger, F. K., J . Am . Chem. Soc., 39, 1321 (1917).
(4) Coburn, H. H., I n d .  E n g .  Chem ., Anal. E d .,  2, 181 (1930).
(5) Schreiber, H., J . Am. Chem. Soc., 29, 74-5 (1907).

R e c e i v e d  February  12, 1936.

Errors in  M icrow eighing Due to the Use o f  Lead Shot in  Tares
RO G E R  J . W IL L IA M S, O regon  S ta te  C o llege , C orvallis, Ore.

THE Kuhlman microbalance which is most highly recom­
mended by Pregl and his followers is provided by the 
manufacturer, in accordance with Pregl’s recommendations, 

with a numbered series of small tare bottles of various sizes, 
and about .50 grams of fine lead shot with which to prepare 
tares for the different vessels in w’hich material may be 
weighed.

The writer had occasion to weigh small samples of material 
in relatively large glass weighing bottles (weighing about 6 
grams) and, although the balance seemed to be working per­
fectly and the temperature fluctuations were not excessive, 
constant values could not be obtained. In one case a weigh­
ing differed from that of the previous day by nearly 50y.

The cause of the excessive variations was traced to the use 
of the lead shot which had been provided. As soon as the 
lead was discarded and broken glass substituted for it in the 
tares, the difficulty promptly disppeared and weighings be­
came constant.

Calculations show that if 5 grams (0.37 cc.) of lead are used 
to balance a glass vessel (this quantity is not excessive since 
the balances have a capacity of 20 grams), the difference in 
the volumes of air displaced by the lead and the glass (taking

2.7 as the specific gravity of glass) is about 1.5 cc. This air, 
if dry a t standard pressure and 25° C., would weigh 1.78 mg. 
Under actual conditions, however, the weight of this excess 
air displaced by the glass vessel will vary 67 per degree of 
temperature variation, 237 per cm. of barometric variation, 
and about 2I7 for the difference between dry and saturated 
air.

Users of microbalances have always attempted to work at 
as constant a temperature as possible. I t  is evident, however, 
that the errors due to temperature variation are greatly mag­
nified by the use of lead shot. More serious is the barometric 
variation because changes of a centimeter or more in the baro­
metric reading, whicH readily occur, may introduce a serious 
error if lead shot is used. The error due to humidity varia­
tion may easily be considerable under some conditions.

If one insists on using lead shot, he can record temperatures, 
barometric readings, and humidities and make suitable cor­
rections, but it is vastly simpler to render all these corrections 
entirely unnecessary by discarding the lead shot and using 
tares made of the same material as the vessel to be weighed.

I t is clear to the writer that manufacturers should supply 
somewhat larger tare bottles and glass beads (or possibly
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aluminum shot) to use in them. In case heavier objects are 
being weighed, care should be taken to have the vessel and 
the tare made of the same material, since the difference even 
between quartz and glass is sufficient to introduce appreciable 
errors in case the vessels are relatively heavy. Though the 
writer has had no experience in this connection, it appears that 
the weighing of the absorption tubes used in carbon and hy­

drogen determinations must be subject to especially large 
variations when lead shot are used in the tares, because of the 
relatively heavy objects weighed. The use of weights in­
stead of tares leads to the same needless errors unless the 
weights have the same density as the objects to be weighed.

R e c e i v e d  A p r i l  3 , 1 936 .

New Apparatus for Analytical Laboratories
Crucible Support for Desiccators, Graduated Cylinder, and Flask Cover

F . E . T U T T L E  
U n iv ersity  o f  K e n tu c k y , L e x in g to n , K y.

AS A RULE desiccators are supplied without plate or 
other device for support of crucibles and, on account of 

the inflexibility and expense of porcelain plate supports, the 
time and ingenuity of the user are often consumed in the 
fabrication of makeshift substitutes of glass, pipestem, etc.

The crucible support, Figure 1, described in this article is 
designed for use in the regular 15-cm. (6-inch) Scheibler desic­
cator and will hold six No. 0 or 00 porcelain crucibles with 
covers or the same number of platinum crucibles of corre­
sponding sizes.

The support is made of pure nickel wire with all intersec­
tions securely brazed. Long and continuous use of the sup­
port justifies the following claims: By adjusting the legs it 
is readily adapted to variations in the shapes of desiccators, 
is held firmly in position during any legitimate use of the ap­
paratus, holds the crucibles securely, may be deformed 
slightly to accommodate crucibles of different sizes, allows 
unrestricted circulation of air, and is kept bright with a 
minimum expenditure of time and the use of a little fine steel 
wool.

G ra d u a te d  C y lin d e r . In those chemical operations 
where one has occasion to measure rapidly volumes of liquid 
reagents, solvents, etc., there is great need of a handy measur­
ing cylinder of moderate capacity, one that is sufficiently 
accurate, not easily upset, sturdy in construction, and not 
readily broken.

The cylinder illustrated in Figure 2 has all these charac­
teristics and has been used in the different laboratories with 
great satisfaction, particularly in quantitative analytical 
work. Whereas the tall, narrow, 100-ml. cylinder in regular 
use at present is characterized by great instability, generally 
resulting in breakage when tipped over unless protected by

some sort of shock absorber, this 
short, wide cylinder stands more 
firmly on the table, is more readily 
filled and emptied, has two lips 
for convenient pouring, has never 
b ro k e n  w hen tip p e d  over, is 
graduated both up and down, and 
allows volumes to be measured as 
accurately as in any other cylin­
der of the same diameter.

I t  is not recommended for work 
that should be done only by an 
accurately calibrated pipet, buret, 
or certified tall narrow cylinder, 
but when made according to the 
d im e n s io n s  g iv en  it stands 
su p rem e  as a general-purpose 
m e a su rin g  cylinder of 100-ml. 
capacity.

F l a s k  C o v e r .  Manytimes, 
p a r t ic u la r ly  w hen  c o rro s iv e
liquids are being boiled in flasks, it is desirable to resort to 
some device for control of spattering, evaporation, prevention 
of free access of air, dust, etc. In the past small funnels, 
inverted porcelain crucible covers, and glass bulbs have been 
employed for this purpose and generally with unpleasant 
results, because the center of gravity of the miscellaneous 
covers is above the rim of the vessel being covered.

The cover as illustrated (Figure 3) is designed upon a new

F i g u r e  2
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principle which places nearly its entire weight inside and below 
the rim of the vessel, so that it will remain securely in position 
even while the flask is being shaken.

Thus far three sizes of this cover have been successfully 
used and a careful inspection of the cut of the No. 3 size singly 
and in cross section as closing a 300-ml. Pyrex Erlenmeyer 
flask will show that it is capable of being used upon a wide

range of flask sizes—e. g., No. 1 may be used to close orifices 
from 11 to 19 mm. diameter, No. 2 those from 16 to 29 mm., 
and No. 3 those from 21 to 39 mm. Other sizes may be made 
if desirable.

The apparatus described in this article may be secured from 
Eirner & Amend, New York, N. Y.
R e c e i v e d  M arch 19, 1936.

C ondenser System  for Fractional D istillation
E L D O N  A . M E A N S AND ED W A R D  L. N E W M A N , T h e  E ld o n  A . M ea n s C o., W ich ita , K a n s.

THE condenser described here has the advantages of 
flexibility and greater efficiency over the conventional 
types, being better insulated and providing an arrangement 

whereby almost any cooling medium may be used.

The illustrated apparatus has given great satisfaction in 
condensing vapors from fractional distillations. I t greatly 
resembles the top of a Podbielniak column (2). An evacu­
ated glass jacket, silvered for efficient heat insulation, surrounds 
the buret and condenser. The condenser itself is a metal cylin­
der fitting into the top of the glass jacket and is insulated from 
the glass by means of an asbestos cord. The cooling medium is 
run down into the condenser through tube A and escapes at D. 
Compressed carbon dioxide is very satisfactory, although liquid 
air or water may be used, according to the condensing range. The 
inner tube or condensing tube is of metal and contains a spiral strip 
extending down to the buret and dividing the tube into two com­
partments. Thus the vapors coming in at B pass down one 
side of the tube, condense, and fall into the buret. Displaced air 
must pass up the other side of the dividing strip and emerge at 
C, losing condensable vapors in transit. The metal condenser 
tube is connected to the glass buret by soldering to the platinized 
glass (i). This provides an air-tight seal between the metal and 
glass.

This apparatus is particularly useful in the distillation of 
gasoline. Lighter fractions and gases can be condensed by

use of a low-temperature 
coo ling  medium such as 
c a rb o n  dioxide or liquid 
air. The condenser is well 
adapted to vacuum distilla­
tion, the vacuum connec­
tion being made a t C and 
liquid extracted a t  E  by 
an y  of th e  conventional 
methods for extraction of 
liquids during vacuum dis­
tillation.

L iteratu re  C ited
(1) Frary, Taylor, and E d­

wards, " L a b o r a t o r y  
Glass Blowing,” p. 97, 
New York, McGraw-Hill 
Book Co., 1928.

(2) P o d b ie ln i a k ,  I n d .  E ng.
C h e m ., A n a l. E d .,  3 , 177  
(1 9 3 1 ) .

R e c e i v e d  M arch 9, 1936.

Dithizone as a Reagent for Dissolving and Determ ining Spray Residue Lead
W A Y N E  E . W H IT E , W estern  R eserve U n iv ersity , C lev e la n d , O h io

THE readiness with which dithizone ("diphenyl thiocarba- 
zone) reacts with minute amounts of lead even when 
the lead is in such insoluble compounds as the sulfate and 

arsenate leads to the thought that this reagent might be 
made to assume a dual role in the analysis of spray residues 
for lead. The reagent might serve as the solvent for the 
removal of the lead from the analysed fruits as well as in its 
ordinary capacity as colorimetric reagent. Were this pos­
sibility borne out by experimental investigation, and were 
there no other complicating factors, we should have an 
analytical method superior to any of those in present use in 
respect to speed and simplicity (i, 2).

After considerable investigation of this problem the writer 
desires to announce the following results and conclusions:

1. Lead is dissolved from the surface of fruits by a solution 
of dithizone in chloroform in the presence of an aqueous 
solution of potassium cyanide, ammonia, and citric acid. In 
order to effect a rapid and complete removal, a number of 
washings (two to six, depending on the amount of lead and 
the tenacity with which it is held) are necessary.

2. The dithizone color change due to the presence of lead 
occurs just as in the ordinary procedures. The contact with

the organic matter of the fruit skins does not seem to affect 
the reagent. As in other dithizone methods of spray residue 
analysis, there are no probable contaminants which will 
interfere in the lead determination. An occasional turbidity 
due to undissolved, suspended matter does not appear to be 
particularly detrimental to a close comparison of colors.

3. The multiple washings prevent the expected economy 
of time and materials and may decrease the accuracy and 
precision of a determination. Further work may reveal a 
way of increasing the solvent power of the dithizone solution 
and thereby the most serious obstacle to the success of this 
direct method of spray residue analysis will be removed.

L itera tu re  C ited
(1) W ichmann, H. J., e t al., J, Assoc. Official Agr. Chem., 17, 130-5

(1934).
(2) W inter, 0 . B., Robinson, H. M., Lamb, F. W., and Miller, E . J.,

Ind. E ng. Chem ., Anal Ed., 7, 265-71 (1935).

R e c e i v e d  Decem ber 2, 1935. A m ore de ta iled  discussion of the  application  
of this m ethod was p resented  under th e  t itle  “ A Field M ethod  for th e  E stim a­
tion of Lead as Spray  R esidue” before th e  D ivision of Food and  A gricultural 
C hem istry  a t  the  90th M eeting of th e  Am erican Chem ical Society, San 
Francisco, Calif., A ugust 19 to  23,1935.



Detection o f Lanthanum, Yttrium, and Ytterbium from Spark in Flam e Spectra
O. S. PL A N T IN G A  AND C. J . R O D D E N , W a sh in g to n  Sq uare  C o llege , N ew  Y ork U n iv e r sity , N ew  Y ork , N . Y.

THE simplified spark in flame spectra method of Iiultgren 
(1 ), previously reported by the authors (4), has been 
applied to the detection of lanthanum, yttrium, and ytter­

bium in rare earth salts. Lundeg&rdh (2) detected neo­
dymium down to 0.01 M  by a flame spectrum method, and 
Piccardi and Sberna (3) found limits of 0.01 per cent for 
lanthanum oxide and 0.001 per cent for yttrium oxide, using 
molecular flame spectra.

The method employed by the authors involves the visual 
spectroscopic examination, with a hand spectroscope, of a 
spark discharge in an ordinary gas flame in which the chloride, 
nitrate, or acetate solution of a sample is volatilized. The 
three elements studied were detected by the appearance of 
the following band heads in the spectra: for lanthanum, 
4372, 4418, and 5600 A.; for yttrium, the group 5892 to 
6200 A.; and for ytterbium, 5700 A. The limit of detection, 
based on the dilution of a solution of each element of known 
strength, is in each case about 0.0001 M, although for con­
centrations lower than 0.001 M, the spectra flashed unsteadily. 
The limit of detection is affected by the presence of other 
rare earths or of large amounts of sodium. For example, a 
mixture of lanthanum and praseodymium chloride solutions,

in which the concentration of praseodymium was 1.5 M, 
showed a limit of detection of lanthanum only one-tenth of 
the value of pure lanthanum. A rough estimate of the 
amounts of the three elements may be made by examining 
the spectra of successive known dilutions of the sample until 
the bands disappear.

The method of detection outlined is economical and rapid, 
about 0.1 cc. of solution being used in a test requiring about 
a minute. The value of the method as applied to laboratory 
samples of the rare earths is illustrated by the examination 
of a sample of c. p . erbium which was found to contain 40 
per cent of yttrium. The method has been successfully 
applied, in a few cases, in following the fractionation of rare 
earths.

L itera tu re  C ited
(1) Hultgren, J . Am. Chem. Soc., 54, 2320 (1932).
(2) Lundeg&rdh, H., Svenak Kem. Tid., 42, 51 (1930).
(3) Piccardi, I. C., and Sberna, A., A tli acad. Lincei, 15, 83, 309

(1932).
(4) Rodden, C. J  , and Plantinga, O. S., Phys. Rev., 45, 280 (1934). 

R e c e i v e d  D ecem ber 1 7 , 1935.

Note to Authors

IN THE preparation of manuscripts authors should address 
themselves to specialists in their particular fields, rather 

than to the general reader. If the article describes a new method, 
the author should endeavor to tell the complete story, so that 
the reader will not have to wait for succeeding contributions or 
duplicate the unpublished tests in order to find out whether he 
can apply the method in his own work.

The following is suggested as a general outline to be followed 
in preparing analytical methods for this edition :

1. Prelim inary statem ent or introduction, in which the need for
the method should be stated , brief reference to other methods 
or literature given, etc.

2. Experimental
Outline of proposed m ethod 
Description of apparatus and reagents 
Procedure 
D a ta

Interfering substances or conditions
Concentration range through which the  m ethod is appli­

cable
Accuracy of the method
Precision of the m ethod

3. Discussion and sum m ary

The author should state at the outset what the original features 
of the paper are. If it deals with a method of analysis, he should 
give some comparison with established methods in point of speed, 
applicability, accuracy, and cost. Extensive reviews of the 
literature should not be given and such references as are cited 
should be carefully checked. Incorrect references are inexcusable 
and cast doubts on the author’s reliability. The theoretical 
considerations on which the method is based should be clearly 
set forth.

In the experimental part, previously published or well-known 
procedures which have been followed should only be designated 
or references given to them. If, however, the method is new, the 
data upon which it is based should be presented but in no greater 
detail than is necessary to prove its soundness. New procedures 
should be clearly described, that readers can easily duplicate the 
work. Loose directions should be avoided, unless the author

knows that no possible harm can result from the most liberal 
interpretation that can be made of such expressions as “to the 
faintly acid solution,” “wash the precipitate,” “ignite,” etc. If 
new or uncommon reagents are needed, the author should state 
their probable cost, where they can be purchased if rare, or how 
they can be prepared, if not on the market.

The author should distinguish carefully between precision and 
accuracy. Briefly but somewhat roughly stated, accuracy is a 
measure of degree of correctness; precision is a measure of re­
producibility. The precision of a result does not necessarily 
have anything to do with its accuracy; it serves merely as a 
measure of the duplicability of the procedure in the hands of a 
given operator. No claim for accuracy should be made unless 
the author believes that he has satisfactorily established the 
correct result.

The author should be frank and define the limitations of the 
method. Tests dealing with the effects of foreign compounds 
should be made on mixtures in which the ratios of the compounds 
sought to the foreign compounds aie varied and simulate condi­
tions that are likely to be encountered in practice. If the author 
has made no such tests, he should state that he has no knowledge 
of the effects of foreign substances. I t is desirable that possible 
applications of methods should be stated.

A summary or prefatory abstract should acquaint the reader 
with the main points of the article. This should give concisely 
where possible the substances determined, nature of material 
to which determination is applicable, interfering substances, 
range of concentration to which method is applicable, whether 
or not a sensible constant error is involved—that is, the accuracy 
of the method—and its precision. Either the summary or the 
prefatory abstract is so often used by abstractors that the author 
may well spend considerable time in their preparation, in order 
to be certain that proper emphasis is given to the main features 
of the contribution.

Our “Suggestions to Authors” is available to those unfamiliar 
with the form of manuscript and illustrations preferred by 
I n d u s t r i a l  a n d  E n g i n e e r i n g  C h e m i s t r y .
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The exacting chemist uses

MERCK LABORATORY CHEMICALS
because they conform to definite standards

MAY 15, 1936 ANALYTICAL EDITION

( C o m m e n t s  o f  a  v i s i t o r  t o  th e .
M e r c k  C o n t r o l  L a b o r a t o r y )

T AKING m e by the arm , m y guide  
poin ted  to the door o f  the Merck 

Control Laboratory B u ild in g . “ Com e let 
us go in h ere,”  h e  said.

W e entered the office o f  the D irector, 
who greeted  us cord ially  but who re­
m arked w ith p rofessional m odesty  that 
there really  wasn’t m uch to  in terest a 
visitor in  h is particu lar branch o f  the  
business.

“ W e cannot put on  m uch  o f  a show  
h ere ,”  h e  ex p la in ed , “ b ecause our work is 
vcrv largely  r o u tin e—and necessarily  so.”

“T hat m ay be true,”  I rep lied ; “ but 
w on’t you  te ll m e what your routine

M E R C K  & CO. Inc.

work consists o f?  Certainly those h u n ­
dreds o f  bottles and jars, glass tubes and  
burners, charts and other equipm ent 
suggest som e in teresting  possib ilities  
for  sc ien tific  experim en tation . And how  
about those chem ists; what k ind  o f  work 
are they d o in g?”

“ R outine w ork,”  h e  rep lied ; “ routine  
work m ade necessary by the standards 
w hich have been  established fo r  our 
products. You see , this Control Labora­
tory is really  the po licem an  or guard o f  
our organization . It is our duty to see  to 
it that no m aterial o f  any kind gets into  
our factory or out o f  it and in to  u se  u n ­
less it m eets the M erck standards o f  
purity and un iform ity .

“ O ur w ork is  condu cted  o n  a  basis o f  
standards set by the U .S .P . or N .F .,”  he

continued , “ and our goods m ust m eet or 
exceed  those standards. In the ease o f  
Laboratory C hem icals, these m ust con ­
form  to specia l standards w hich in  m any  
in s ta n c e s  in c lu d e  th e  R e c o m m e n d e d  
S p ecifications fo r  A nalytical R eagent 
C hem icals o f  the A m erican Chem ical 
Society . W e do n ot depend upon the  
sense o f  sm ell or s ig h t ; d efin ite  tests are 
m ade in  every case; each chem ist reports 
his find in gs, and our d ecision  to accept 
or reject the m aterial in  qu estion  is de­
term ined by these  reports. Our Labora­
tory m ust see  that a ll products are in  
proper fo rm , not on ly  at th e  tim e o f  re­
lease, but we m ust chcck up  o n  them  as 
lon g  as they are in  stock to see  that they  
retain the h igh qu ality  w hich every  
M erck Product m ust p ossess.”

'̂ ilanû actur-lnÿ ^/emiátá R A H W A Y ,  N. J.
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14538 Nelson V acuum  an d  P ressure P u m p  complete with m otor, belt, and m ounted on hardwood
base with cord and plug, for 110 volts.......................................................................................................... $60.00

14540 Nelson V acuum  an d  P ressure P um p. Pum p o n ly .......................................................................$40.00

W l l L  r O K P O R A T I O N
LABORATORY APPARATUS AND CHEMICALS FOR 

CHEMICAL. BIOLOGICAL. METALLURGICAL AND CLINICAL LABORATORIES
R O C H E S T E R  ,  T V . V .

The New Nelson Vacuum and Pressure 
Pump is economical in cost and opera­
tion. I t is unsurpassed in reliable per­
formance and mechanical construction.

I t  is well adapted to operate for the collection of 
gases as it is entirely sealed for pressure up to 
50 lbs. The pumps are tested on vacuum to 
0.02 mm. pressure or better and will maintain
0.1 mm. pressure under almost any condition of 
operation. When used for backing up of mercury 
vapor pump, pressure of 0.00001 mm. is readily 
obtainable without the freezing out trap. When

trap of liquid air is used, a vacuum lower than is 
readable on the McCleod gauge is obtained.

Simplicity of working parts guarantees long life and 
makes this an ideal pump for chemistry research.

All parts are made inter-changeable and m ay be 
purchased at small cost when needed.

W h a t  I s  I t ?

T h e  N e w  n e l s o n  
VACUUM & PRESSURE 

PUMP

2 2 6 0  EAST FIFTEENTH STREET, LOS ANGELES, CALIFORNIA
SAN FRANCISCO: BRAUN-KNECHT-HEIMANN-CO. SEATTLE WASHINGTON: SCIENTIFIC SUPPLIES CO.

A com ple te  line o f  Laboratory Supplies and  Chem icals carried in  s to c k .

S en d  fo r  co m p le te  in fo rm a tio n . A ddress D ep t. 1-5 an d  ask  fo r  B u lle tin  C-103.

B R A U N  C O R P O R A T IO N

A n s w e r :  The Braun UA Pulverizer 
and Chipmunk Crusher Unit Assembly 
with Close-Coupled “V” Belt Drive.

W h a t  D o e s  I t  D o ?  Crushes and 
pulverizes industrial, m etallurgical and 
assay laboratory samples.

W h o  C a n  U s e  I t  t o  A d v a n t a g e ?
Any laboratory where rapid and effici­
ent reduction of samples is required.

W h a t  A r e  S o m e  o f  I t s  O u t s t a n d ­
in g  F e a t u r e s  ? Economical and

efficient operation—Saves valuable 
laboratory space—D ust-catching and 
power-wasting overhead shafting is 
elim inated.
The Braun UA Pulverizer and Chip­
m unk Crusher have earned a world­
wide reputation—they are standard 
everywhere.
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J ie a q e n i—
C h e m i c a l s

Y our d e a le r  w ill su p p ly  you, o r w rite  th e  n eares t co m p an y  o ffice

G e n e r a l  C h e m i c a l  C o m p a n y  * 40 Rector St., New York
ATLANTA • BALTIMORE • BOSTON • BUFFALO • CHARLOTTE - CH ICAGO  • CLEVELAND • DENVER • KANSAS CITY - LOS ANGELES • M INNEAPOLIS • PHILADELPHIA * PITTSBURGH • PROVIDENCE 'S A N  FRANCISCO • SEATTLE - ST. LOUIS

“"■ 'C . p J c id s

S v n c L f it  FREE
TEST SAMPLE

Simplify Y o u r  filtration work w ith Baker & 
Adam son Grade "A" Filter Paper. It assures  
required retention in ninety-nine percent of 
all quantitative analyses. B & A  Filter Paper 
is surprisingly sp eed y  with troublesome fíne 
precipitates a s  w ell as on coarser work. It is 
com pletely satisfactory for Iron or Aluminum. 
It retains difficult precipitates of Barium Sul­
phate andJMetastannic Acid.

Baker and Adam son Grade "A" filter paper 
is p rocessed  in our ow n plant from fin est  
stock, double acid w ash ed  with pure Hydro­
chloric and Hydrofluoric acids to cut ash  con­
tent to the minimum.

ORDER ANY DESIRED SIZE FROM ANY B&A SUPPLY HOUSE
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American Meter CompanywoiiriiMiiii
M e tr ic  M e t a lw o r k s ' e r i e . Pe n n s y l v a n i a

&
A nnouncing— 

A  N ew  C atalogue

KJELDAHL DIGESTION APPARATUS 
DISTILLATION APPARATUS

•  “ GOLDFISCH” EXTRACTIO N APPA­
RATUS

•  CRUDE FIB ER  APPARATUS 
“ GOLDFISCH” ELECTRIC HEATERS

•  “ LABCONCO” (wide range) GAS BURN­
ERS

LABORATORY EQ U IPM EN T TABLES 
ACID D ISPENSING STANDS and SINKS 

LABORATORY U T IL IT Y  CARTS
•  IND IVID UAL SUCTION FU M E HOODS 

“ LABCONCO” ELECTRIC W HEAT
GRIND ERS

•  N E W  IT E M S  worthy o f your attention.

f a copy will be mailed 
promptly on request. jj

LA B O R A TO R Y  C O N S T R U C T IO N  C O M PA N Y  
1113-1115 H olm es St. K ansas City, M o., U.S.A.

One gallon per 
h o u r  E l e c t r i c  
S t i l l  N o .  171. 
Special heating 
c l e m e n t  a u t o ­
m atically  p ro­
tected  by a  dual 
purpose safety  
d e v i c e  f r o m  
burning o u t be­
cause of w ater 
U p p l y  b e i n g  

shu t off or the 
accum ulation of 
scale.

OF H IG H  
Q U A L IT Y

P a rts  per 100,000
T otal Solids 0.28
Volatile Solids 0.16
Inorganic Solids 0.12
N itrogen as

Free Ammonia 0.0035
Albuminoid Am m onia 0.0000 • 
N itrites  0.0000
N itra te s  0.00

Chlorine 0.00
Dissolved Oxygen 0.00
Free C arbon Dioxide 0.12
T otal B acteria per cc. none

w ith  th e  
NEW  STO K ES  

ELECTRIC STILL

Sterile distilled water of the chemical purity  which is shown by the 
typical analysis given above is well-suited for all the needs of the 
chemistry, physics, biology or other research laboratory. W ater 
produced by this still is being used for intravenous work, the making 
and testing o f sensitive solutions and laboratory determinations.
The design and construction of this still reflects our close association 
of over 30 years with the scientific field. N ot only is distilled water 
of exceptional purity  produced by this still but this quality  is safe­
guarded by m any exclusive features including: Pyrex Glass Cover, 
Triple Vapor Baffle, Solid Block-Tin Condenser Tube, Gas Elim inator, 
Deconcentrator or “ Bleeder.”

Sold through Dealers or Direct

FJStokes machine co.
5944 T abor Road, OIney P. O., P h iladelph ia , Pa.

T h a t’s w h y  y o u  see  so m an y  m ore WE5TCOTT orifice m otors o u t in th e  field 
w h ero  th e re 's  no  tim e for c o d d lin g  instrum ents.

First, f e w e r  m ov ing  p a rts  . . . Second, e a se  in c lean in g  w ith o u t in terfering  
w ith  a d ju s tm e n t . . .  those  a n d  o th er specific fea tu re s  d es ig n o d  in to  WESTCOTT 
m eters  g ive  them  a  ru g g ed n e ss  a n d  a  d e p e n d ab ility  recogn ized  th ro u g h o u t 
th e  w o rld .

If you  h a v e n ’t received  y o u r  copy o f C a ta lo g  EG -2 g iv ing  en g in e e r in g  d a ta ,  
.p le a se  w rite  us.

A FULL LINE

A SHAPE AND SIZE 
F O R  E V E R Y  US E

E V A P O R A T I N G
D IS H E S

Coors Porcelain Company 
GOLDEN, C O LO R A D O
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D e te rm in a tio n  of M e rc u ry
w ith  Diphenyltliiocarbazoiie

S m a l l  quantities of mercury can be easily and accurately 
determined by titration with diphenylthiocarbazone. The solu­
tion, which is colored a bright orange-yellow by the mercury 
complex formed, is changed to green or red with an excess of 
the reagent, thus malting the end-point clearly visible. An 
accuracy of 0.005 mg. or better is obtained even in the presence 
of small am ounts of other metals. The procedure is described 
by W. O. Winker, in J. Assoc. O f f .  Agric. C h e m . 18, 638 (1935).

Eastman Diphenylthiocarbazone—price, 10 grams, $3—is 
available for im m ediate shipm ent from stock. Eastman Kodak 
Company, Chemical Sales Division, Rochester, N. Y.

E A S T M A N  O R G A N I C  C H E M I C A L S

D eterioration  of H ydrocarbon Oils Through Oxidation  
N o w  M easurable W ith

THE CENCO 
HYDROPHIL BALANCE

T h is  in stru m en t m easures the area and th ickness o f  m ono- 
m olecu lar  film s on  w ater, from  w h ic h  data m olecu lar d im en ­
sions, percentage o f  ox id ized  hydrocarbons, adsorption  
characteristics, and  oth er properties o f  oils, o il so lutions, and  
film -form ing liq u id s can  be d eterm in ed . A  resum e o f previous 
research o f  th is character, w ith  an exp lan ation  o f the theoretica l con sid eration s and  m athem atics  
is g iven  in  our recen tly  prepared B u lle tin  N o . 102. A  b ib liography is also g iven  in  th is b u lle tin .

Ask fo r  Bulletin  102

boston <§,'keHSL'itlLS' SLStf CHICAGO
79 Ami»»4 St. L a b o r a t o r y  S u p p l i e s  17001™ ^  b ^ .

A p p a r a t u s  C h e m ic a ls  N° s t « "
New Yo rk -  Boston -  CHICAG O -Toronto-LosAngelesj
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INTERNATIONAL
E X P LO S IO N  P R O O F

OIL TESTING CENTRIFUGES
Three models have been developed primarily to meet the demand for 
an explosion proof electric driven tester for use in hazardous locations 
to mate the A.S.T.M. standard method D96-30 B.S. & W. Test. There 
are, however, many other uses in industrial chemistry for these 
Centrifuges.

Model A E  Oil Testing Centrifuge
The motor developes constant speed of 1750 R.P.M. with 8-place 
Head which takes the standard 100 ml. A.S.T.M. long tapered bot­
tom glass oil tubes. There is an approved explosion proof disconnect 
switch and a conveniently located hand brake for rapid stopping. 
Either 4 or 8 place heads are available and a large assortment of stand­
ard accessory equipment.

Model DE
O il Testing Centri­
fuge is equipped 
with an explosion 
proof motor capable 
of holding constant 
s p e e d  of  1 7 5 0  
R.P.M. with a 4 tube 
head. There is a 
choice of two heads: 
one takes four of the 
standard 100 ml. 
A . S . T . M .  p e a r  
sha ped glass oi l  
tubes and the other 
takesfour15 ml. glass 
oil tubes, graduated 
100 per cent, for 
the A.P.I. Test.

The 6 -Volt Model 
FE, vapor proof, O il 
Testing Centrifuge

(not shown here) is a portable tester, designed for use in the oil field 
or where electric current is not available. The 6-volt motor, for bat­
tery use, drives a 2-place Head well above the speed required by the 
A.S.T.M. formula and draws only 9 amperes.

Send for Special Bulletins

INTERNATIONAL EQUIPMENT CO.
352 Western A venue Boston, Mass.

M akers o f Fine Centrifuges

ROYAL BERLIN 
COMBUSTION TUBES

of “ K ” M ass

Can withstand temperatures up to 
1700°C without pressure, and up to 
1600°C in a vacuum.

Impervious to liquids and gases.

Ask for Royal Berlin Laboratory Porcelain C ata­
logue No. RB2S0.

U. S. A G E N T S

F I S H  - S C H U R M A N
CO R PO R A TIO N  

230 E. 45th S tree t New Y ork City

NEW 
ELECTROLYTIC APPARATUS

For use on A.C.
We have designed a new inexpen­

sive deposition apparatus which also 
meets the requirements o f the Micro 
M ethod for lead.

3308 Electrolytic Apparatus, ro ta t­
ing electrode for one determ i­
nation, current for deposition 
supplied by dry c e lls .. .$45.00

3310 D itto , bu t for 2 determ ina­
tions................................... 60.00

3312 Same as 3308 bu t equipped so 
th a t both the deposition and 
operation of m otor are ac­
complished by 110 V. A. C .. .  
............................................ 65.00

3314 Same as 3312 but for 2 deter­
m inations......................... 80.00

N o. 3314

Write fo r  additional inform ation

PA IQ -M Y E R S i n c .
Apparatus fo r  Industrial and Laboratory Use 

81 Reade Street New York, N. Y.
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D i v i d e n d s

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
y y  jnam aE m E B  ftw a n M x & m u L ’tk  ̂  ■

FOR YOUR T O U G H E S T  
D R Y I N G  PROBLEMS

No m atter how tough 
your drying problem may 
be— no m atter how exact­
ing the requirements you 
m ust meet— you will find 
you can secure better and 
more reliable results faster 
when you use a Despatch 
Vertical or Horizontal 
Flow Forced D raft Oven.

Guaranteed tem perature 
D e s p a tc h  C F  F o rce d  D ra f t  O ven  uniformity in Despatch

Ovens —  guaranteed ac­
curacy o f control— the modern scientific application of con- 
vected air heating and ventilating principles— these ou tstand­
ing features and m any others give you confidence that you 
will obtain more scientific and more reliable results when you 
use Despatch Ovens.

T he new No. 620 bulletin completely illustrates the Despatch 
Vertical and Horizontal Flow Forced D raft Ovens. I t  also 
describes in detail the design and m ethod of handling the 
heated air to secure the rem arkable uniformity o f tem perature 
in the oven chamber.

W rite for your free copy today, and incidentally, why not tel] 
us about a tough drying problem you are having?

DESPATCH OVEN COMPANY
630 N in th  S treet, S.E. M inneapolis, M inn ., U.S.A.

Pioneer Builders o f Laboratory Ovens Since 1902

DIRECT Reading Portable

The C O L E M A N  pH Electrometer is a compact, ready-to- 
use instrument (or plant or laboratory! Electrodes are sealed! 
The REPRODUCIBLE, PO SITIVE results obtained are a reve­
lation. No fragile glass side-arms nor shielding are needed 
. . . .  the C O L E M A N  Titration Assembly includes a G L A S S  
electrodel Send for Bulletin No. 3535AE . . . .  or better, we 
will send the

C O L E M A N  for 5-day FREE T R IA L  . . . .  it costs but $125.00, 
R E A D Y  FO R pH D ETERM IN ATIO N S!

WHATMAN Folded 
Filter Papers 
Save TIME

Time may have been madefor slaves 
but the lack of it is the bugbear of 
every Chemist making large numbers 
of tests daily.

For Q u a lita tiv e  sep a ra tio n s , 
WHATMAN Folded Filter Papers 
are great time savers. Not only can 
each circle be dropped in the funnel 
quickly, but the carefully hand folded 
paper filters more quickly than an 
equally retentive quality hastily 
pleated before using.

In the laboratories of Hospitals, 
Medical Schools, Research Organiza­
tions, Sugar and Oil Refineries, Ex­
periment Stations, Fertilizer Facto­
ries, etc., WHATMAN Folded Filter 
Papers are saving the time and tem­
pers of busy Chemists.

W hy not use them in your laboratory?

Samples on request.

H. R EEV E ANGEL & CO., INC., 

7-11 SPRUCE ST., NEW YORK, N. Y.
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F o r  d e te r m in in g  m e lt ­
in g  p o i n t s  f r o m  r o o m  
t e m p e r a t u r e  to  3 0 0 °  C . ,  t h e

» i : \ m s  

M E L T IN G  P O IN T  
A P P A R A T U S

p r e se n ts  th e  fo llo w in g  a d v a n ta g es:

It e m p lo y s  n o  g la ssw are . D e te r m in a t io n s  can  be c o m p le te d  in  less  th a n  o n e  m in u te .  A ccu racy  
is  w ith in  0.25° C. C orrect r e su lts  arc o b ta in a b le  w ith  su b s ta n c e s  w h ic h  d e c o m p o se  o n  slow  h e a tin g  
b y  o th e r  m e th o d s . W ith  w axes, th e  te m p er a tu r e  ran ge  fro m  so f te n in g  p o in t  to  flu id  s ta g e  m a y  be  
read ily  d e te rm in e d . A h ig h ly  d ev e lo p ed  te c h n iq u e  is n o t req u ired  in  o p era tio n .

W rite for  B u lle t in  E-34.

Pari* I n s tr u m e n t  Co.
M olin e. I llin o is

GLASS STRAIN DETECTOR
A NEW GAERTNER PRODUCT

Internal glass strains are both dangerous and 
costly. They are strikingly indicated by the 
Gaertner Detector, as brilliantly colored bands in 
the regions ot possible fracture.

The instrument is a complete portable unit which 
will accommodate glass plates up to 14 inches in 
diameter, tubing up to 5 inches in diameter and 
bottles and flasks of one gallon capacity. Weighs 
only pounds folded in convenient leather 
carrying case.

Complete details on request.

THEGAERTNER SCIENTIFIC CORP.
1216 W right wood 

Avenue
CHICAGO 

U. S. A.

THE PROPERTIES 
OF S I L I C A

Robert B. Sosman, Ph.D.

A logically complete discussion of all the physico­
chemical properties of a polymorphous chemical 
substance belonging to the transparent and non­
conducting class, with silica, Si02, as the lead­
ing example. Its scope is therefore wider than 
the title indicates. The interrelation of such 
properties as atomic constitution, crystalline 
and amorphous structure, symmetry, volume, 
heat capacity, elasticity, strength, and magnetic 
and electromagnetic properties (including 
optical properties) are clearly brought out. 
Applications of the facts in mineralogy, geology, 
and industrial science make up the concluding 
chapters.

A .C .S . M onograph N o . 37 

856 Pages $9.50

REINHO LD PUBLISHING CORP.
330 Wert 42nd St. New York, U. S. A .
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DIRECT TITRATION OF SULFATE
W ITH

T " u  n
etra | |  ydroxy .uinone

S U L F A T E  can now be determined by a single rapid titration with standard barium 
chloride solution using T H Q *  indicator with a sharp color change at the endpoint. The 
method was First suggested by Schroeder, Ind. Eng. Chem., Anal. Ed., 5 ,4 0 3 -6  and described 
in full by Sheen and Kahler in Ind. Eng. Chem., Anal. Ed., 8 ,127-30. (Reprints on request). 

T H Q *  is prepared by and may be obtained directly from the B ETZ laboratories.

25 gm. 50 gm. 100 gm. 500 gm.

$3.00 $5.00 $7.50 $25.00
F.o.b. Philadelphia, Pa.

Write for your free copy of W ATER A N A L Y S IS , M ETHO DS, C H EM IC A LS, A P P A R A T U S , describing methods 
of analysis and test sets for Hardness, Alkalinities, Chlorides, Sulfates, pH Values, and Dissolved Oxygen.

B E T Z

W. H. & L. D. B E T Z
236 W. Wyoming A ve. Philadelphia, Pa.

Chemical Engineers & Consultants O n  A l l  Water Problems

*Trade Mark 
Reg. U. S. 

Patent Office

M a c L e l l a n  B a t c h  M ix e r
A. P erfect M ix in One M inute

M ACLELLAN Batch Mixers are solving the sampling, 
blending and mixing problems of laboratories and 

manufacturers. They represent a mechanical development 
of the age old laboratory practice of quartering and pyra­
miding materials to obtain a uniform, perfect mix, regard­
less of the different percentages. Wherever free flowing 
materials require mixing MacLellan Batch Mixers are secur­
ing amazing results under the most exacting conditions.

MacLellan Mixers are made in standard sizes from a 5 
quart capacity to 80 cubic feet.

I f  you have a mixing problem we will gladly send you a 
laboratory size mixer, without obligation, fo r  test purposes.

A. DAIGGER & COMPANY
KINZIE & WELLS STS., Chicago

L a b o r a t o r y  Su p p l ie s  A n d  C h e m ic a l s
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A m er ic a n  In str u m en t  C o ., i»c
8010-8020 Georgia Ave. Silver Spring, Md

< ♦ >  AMINCO
S U P E B P R E S S U R E  

EQUIPM ENT

A  M o r e  D e s i r a b l e

T i t r a t i o n  E n s e m b l e

built by Burrell
. . . in c lu d e s  a  c o m ­
p le te  l in e  o f  a p ­
p a ra tu s fo r  th e  in ­
v e s t i g a t i o n  o f  
h i g h  - p r e s s u r e  
c a t a l y t i c  r e a c ­
t io n s  o n  a la b o ra ­
tory  a n d  se m i-  
w ork s sca le .

AM INCO
^  H yd rogen ation

A p p aratu s

T h e  A m erica n  I n s tr u m e n t  C o m p a n y  m a in ta in s  a d e ­
s ig n  d e p a r tm e n t th o r o u g h ly  fa m ilia r  w ith  th e  p ro b ­
le m s  o f  su p er-p ressu re  d e sig n  a n d  a sp ec ia l sh o p  d e ­
p a r tm e n t fo r  w o rk in g  u p  th e se  d e s ig n s  in  m o d ern  
h ig h -s tr e n g th  m a ter ia ls .

Ask fo r  Bulletin 406

Efficient— Convenient—Durable

TH E BURRELL T ITR A TIO N  ENSEM BLE features 
the new gravity-grip burette clamp, the heat-shock 
proof titration base and the non-glare Burrell-Lite. 
The new clamp iswithout springs, is non-rusting and 
utilizes a simple lever system and the force of grav­
ity. The white refractory base w ill not crack from 
heat shock. The Burrell-Lite produces a north- 
light effect for more accurate endpoints. Ask for 
new bulletin 63-01.

MODERNIZE YOUR POTENTIOMETER

fo r  GLASS ELECTRODES

I h e  n ew  H e i l ig e  
V acu u m -T u b e  G a l­
vanom eter displaces 
the conventional gal­
vanom eter for all null 
measurements. I t i s a  
separate, independent 
unit which m ay be 
combined with any 
type of potentiom eter, 
whether it be a home­
made slide wire o r the 

most refined precision instrum ent— also irrespective o f whether 
i t  reads in p H  units or in volts. W hy buy a new potentiom eter 
merely because your work requires an improved indicating 
instrum ent?

Complete Titration Ensemble, without
glassware, for 110 volts £

Gravity-grip clamp, without glass­
ware £

Titration base with 24/; aluminum al­
loy rod £

Burrell-Lite, blue glass lamp, for 110 
volts £

M ade in  U . S. A.

Burrell Pittsburgh stock includes a fu l l  line of 
scientific apparatus and laboratory chemicals. D etects 0.1 m illivolt th ro u g h  resistances as h igh  as

10,000 m egohm s. U niversally Applicable—Sim ple 
a n d  C onvenient—Unaffected by V ibration  or H um id ity  
—Sm all Size—Econom ical.

Write for Descriptive B ulletin ,

TECHNICAL SUPPLY COMPANY

1936-42 F IF T H  AVE. P IT T S B U R G H , PA I N C O H P O R A T  E D
3702 N O R T H E R N  BLVD.. LONG ISLA N D  C IT Y , N.Y.
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ANNOUNCING:
Cooley Electric H otplates are now  
available equipped w ith the Cooley 
Stepless Control Rheostat.

The current is controllable within ap­
proximately V2 of 1% limits, thus afford­
ing greater control of hot plate tempera­
tures.

COOLEY RHEOSTATS are available 
for use with all types and makes of labora­
tory furnaces, and laboratory hot plates.

For further particulars consult your local laboratory supply house, or 
write directly to the address below.

COOLEY ELECTRIC FURNACE COMPANY
INDIANAPOLIS, INDIANA

Remember on your next ^Exchange*7—
A.P.W. i mproyed Style of Re­
inforcement-  OFFSET RIMS-
for Platinum Crucibles and Dishes.

This ( pw)  Feature has proved to add to the strength 
and stability of our platinum wares without extra cost. 
Made in this style/ wares w ill retain their shape longer 
and withstand handling by tongs better. When your 
old worn-out platinum stock needs remaking or ex­

changing into new A .P .W . wares we w ill furnish the Offset 
Rim on any style of dish or crucible by special request.

It is also real economy to get Platinum Ware somewhat heavier than at
standard weights. A  few grams added to the bottom of a crucible ordish often 
adds years to its life. Specially the present low  price level of P LA T IN U M  
w ill justify your buying only A .P .W . Heavy Crucibles and Dishes.

Remember to specify A.P.W . Heavy Bottom and Offset Rim on your next order.
W E  I N V I T E  Y O U R  I N Q U I R I E S

EN LARGED  D ETAIL 
O F O F F S E T  RIM

EN LA R G ED  C R O S S-SE C T IO N  
O F N O R M A L  2 5  c c . C R U C IB LE

PLA TIN U M
P A LLA D IU M
IRIDIUM
RHO DIUM
RUTHENIUM
OSM IUM

Our Catalog E 16 on
PLA TIN U M  L A B O R A T O R Y  W A RES
IS SENT U PO N  REQUEST.

The AMERICAN PLATINUM WORKS
N .J .R .R .  A V E .  A T  O L I V E R  S T .  

N E W A R K ,  N . J .
Refiners and Manufacturers of Platinum, Gold and Silver
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MULTIPLE UNIT

ELECTRIC

HOT 
PLATES

M ultiple U n it electric ho t plates are 
widely used in chemical laboratories 
for:

H eating and Evaporating 
Solutions;

Alcohol and E ther Extractions;

D rying Precipitates;

Distilling, Boiling, etc.

They are ruggedly constructed to suit 
production laboratory requirements 
and economical in operation.

See your laboratory supply 

dealer or w rite fo r Bulletin 

H D -83  5

H E  V I D U T Y  E L E C T R I C  C O .
MILWAUKEE WISCONSIN

M a n u fa c t u r e r s  o f

T R A D E  M AR K

MULTIPLE UNIT
R E G .  U.  S .  PAT  O F F .

« « ELECTRIC FURNACES > »

Important trends in the 
Biological field are discussed 
in these A.C.S. Monographs 

THE CHEMISTRY OF 
NATURAL PRODUCTS

RELATED TO

PHENAXTHRENE
L. F . F ieser

Presented a t a time when active interest is a t a peak, the 
book provides a comprehensive and thoroughly readable ac­
count of the remarkable disclosures of the recent research. 
Each subject is developed separately, but special attention 
is given to the m atter of correlation.

Surveys of the historical background of the problems, dis­
cussions o f the physiological functions and actions of the 
compounds, lucid expositions o f the work o f determining the 
structures, and analyses o f the facts pertaining to the origin 
and metabolism of the natural compounds, provide an un­
usually comprehensive understanding of this essentially new 
branch of organic or biological chemistry.
368 panes Illustrated

A.C.S. Monograph, No. 70, S6.50

Physiological Effects of
R A D I A N T  E N E RGY

H en ry  Laurens
I t  has been well-nigh impossible for any one to keep up 

with the specialized literature dealing with the narrower 
biological aspects o f the action of radiation on plants and 
animals; o f  its influence on the broader functions o f animals 
and of man (such as circulation, metabolism, etc.); and its 
curative and preventative action in disease.

In  this monograph such literature has been reviewed, bad 
as well as good, old and new, to illustrate the development of 
our present position. T he bibliography is correspondingly 
inclusive.

C o n t e n t s :  In troduction , Physics of R ad ian t Energy, T he E f­
fects on the  Skin, T he Effects on W ounds and on Some Skin D is­
eases, T he  Effects on the  Eye, T he Effects on the  C irculatory  
System , T he Effects on the Blood, T he  Effects on M etabolism , T he 
Effects on Body T em perature , R espiration  and  Blood R eaction , 
Photodynam ic or O ptical Sensitization, T he Effects on T u b er­
culosis and  Some O ther Diseases, T he Effects on B acteria, and 
O ther M icroorganism s, Toxins, A ntitoxins, P roteins, Ferm ents, 
etc., M ode of Action of R ad ian t E nergy on Physiological and 
Pathological Processes, A uthor Index, Subject Index.
616 Pages, Illustrated, A.C.S. Monograph, S6.00

Electrokinetic Phenomena
an d  T heir A pplication to  Biology an d  M edicine 

H arold  A . A bram son
This monograph deals, with singular uniformity o f pur­

pose, with the chem istry o f the surfaces of proteins, organic 
and inorganic substances, blood cells, spermatozoa, bacteria, 
immune substances and tissues as determined by electro- 
kinetic methods. I t  is unusual in its treatm ent because the 
available experimental data  have been clearly related by 
suitable calculations to the modern theory o f electrolytes, 
and it provides the reader with an invaluable means o f ex­
amining experimental results in the light of recent theory.

For those interested in industrial applications there is an 
appendix with a ra ther complete list o f references to the 
patent literature.

C o n t e n t s :  H istorical; E arly  T heory  and R elated  Experim ents; 
P a rt 1—Classical Theory of the R igid Double Layer. P a r t  I I — 
E arly  C onfirm ation of T heory ; M ethods; R ecent T heory  an d  R e­
la ted  E xperim ents; Proteins and Some R elated  Com pounds; 
G eneral Effects of Salts on " In e r t"  Surfaces; Inorganic Surfaces; 
Organic Surfaces; Gases; Blood Cells, Sperm atozoa, Tissues, e tc .; 
B acteria, Antibodies, Viruses and  R elated  System s; Appendix I —• 
N o ta tion ; Appendix I I —C onstan ts  and Conversion Fac to rs; 
Appendix I I I — P a te n t L itera tu re; A u tho r Index ; Sub jec t Index.

332 Pages, Illustrated, A.C.S. Monograph, $7.50

REINHOLD PUBLISHING CORP.
330 West 42nd Street New York, U.S.A.
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DISTILLING UNDER VACUUM
WITH THE AHVANTAGE OF A STIRRING UNIT

A vacuum  of 28 to 30 inches can 
be ob ta ined  w ith this appara tu s .

The stirrer has a standard metal taper, which is interchangeable 
with the standard taper ground glass joints which we are produc­
ing, and may be adjusted to fit any size flask. This may be had 
with the Packing Box with Metal Shaft and Chuck in ALUM INUM , 

BRONZE, or STAINLESS STEEL.

Capacity
ml.

500
1000
2000
3000
5000

12000

Price
Complete

26.45
28.45 
29.20 
30.75 
35.00 
38.85

’Phone Bl. 2-0300

A new catalog describing this, and sim ilar item s in detail, 
will be off the press soon.

SCIENTIFIC GLASS APPARATUS COMPANY
49 Ackerman Street 

BLOOMFIELD, : : : NEW JERSEY

WEEKS' CONTINUOUS 
USE AT 2400 °  F.

— without softening, bending, or other evidence of failure. 
In another test a tube was unharmed after six weeks' inter­
mittent use at 2400° F.

A  remarkable N e w  H igh  Temperature Porcelain Com­
bustion Tube for laboratory work with the new harder 
steel alloys.

A  melting temperature of over 3250° F. gives a safe 
working temperature of 31 00 ° F. or 2 9 00 ° F. in a vacuum.

These remarkable H igh  Temperature Combustion Tubes 
are sold at Standard Prices.

They are stocked in open end, or with end tapered for 
rubber tube connection. 24" and 30" lengths, 1/ B" to 
11/ 2,/ inside diameter.

Write for Bulletin No. 135.

W. J. GILMORE DRUG COMPANY
Laboratory Apparatus Division 

422 Blvd. of the Allies Pittsburgh, Pa.
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B*clc
Volumes

Subscription Rates
A m e r i c a n  C h e m i c a l  S o c i e t y  P u b l i c a t i o n s

1. Journal American Chemical Society.........................  $ 8.50
2. Chemical A bstracts.......................................................  12.00
3. I n d u s t r ia l  a n d  E n g in e e rin g  C h e m is try

a. Industrial E dition .................................. $5.00
b. News E dition .......................................... 1.50
c. Analytical E dition................................. 2.00
3a and 3c together......................................  6.00
3a, 3b and 3c (i.e., complete jou rnal)  7.50

10% discount for combinations of 1, 2 and (or) 3 (complete). 
Postage to foreign countries outside the Pan American Postal 
Union extra as follows: 1, S1.50; 2 and 3 (complete), $2.10 
each. Canadian postage one-third these rates.

BACK NUMBERS AND VOLUMES
Single Numbers, when available, each major publication  $ 0.75

J. Am. Chem. Soc., Vols. 23, 29-57; each.................. 9.00
Chemical Abstracts

Vols. 1-29, incl. both Dec. Indexes.....................  600.00
Vols. 6, 8, 10, 12, 13, 14, 15; each....................... 20.00
Vols. 16-29; each.................................................... 15.00

Ind. and Eng. Chem., Vols. 9-27; each Vol..............  9.00
Ind. and Eng. Chem. Sets, Vols. 1-27*......................  243.00

Index to Vols. 1-20, J. Am. Chem. Soc.......................................  1.00
Index to Chem. Abst., ordered separately each Vol..................  2.50
2nd Decennial Index to Chemical Abstracts—5 Vols.................  50.00
Members, for personal use (sets excepted), are allowed a discount of 20%.
* The News Edition and Analytical Edition are not included in back volume 

price for IND USTRIAL and ENGINEERING CHEMISTR Y. Price $2.00 and 
f  3.00 each, respectively, when available. Single numbers 10 cents and 75 cents each, 
respectively.

Advance payment is required in all cases and must be made by check or postal 
order payable in American exchange (dollars).
1. Journal American Chemical Society

Proceedings, Vol. 2 and Vols. 23, 29-57, only available. Some single 
numbers of other volumes can still be supplied.

2. Chemical Abstracts
Volumes 1-5, 7, 9, 11 will be sold as complete volumes only in sets of 
Vols. 1-29 including the 1st and 2nd Decennial Indexes.

3. Industrial and Engineering Chemistry
Volumes 1 to  8 sold only as part of complete sets of Vols. 1-27, inclusive.

DOMESTIC SHIPMENTS. Single copies are sent by mail. Full volumes 
and sets are sent in the United States and Canada express collect.

FOREIGN SHIPM ENTS. Foreign shipments will be sent by mail either 
at purchaser’s risk or by registered mail a t postage cost, plus 5% of invoice, 
additional for registry; minimum charge, 75 cents. Large shipments will be 
delivered, if desired, to responsible forwarding agents in New York free, further 
charges to be paid by the purchaser on receipt.

The Society will not be responsible for loss due to change of address unless 
notification is received ten days in advance of issue. Claims for non-receipt 
must be made within 60 days of date of issue. “Missing from files” cannot be 
accepted as evidence of non-receipt. If change of address means a change of 
position, please indicate its nature.

Members or subscribers desiring their Journals or Abstracts forwarded 
from an old address should always notify their Postmaster and leave necessary 
postage.

The names of members and subscribers, whose Journals cannot be delivered 
by the Post-Office Department, will be cut off the mailing list a t once, and will 
not be restored until correct addresses have been furnished.

In  the absence of other information, the notices of change of address received 
from the Post-Office Department will be considered as correct, and the mailing 
list changed accordingly.

All communications relating to subscriptions or back issues should be ad­
dressed to

CHARLES L. PARSONS, Business Manager, Mills Building, Washington, D. C.
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VARIABLE SPEED OR 
LOW PRICED SINGLE SPEED  

LABORATORY MOTORS

30% M ore Efficiency w ithout Splash  
Sargent M odel LC S t ir r in g  M otor w ith  Centrifugal A gita tor

9587A S a rg e n t C en trifu g a l A g ita to r, O nly , M onel M eta l 
Shaft diam eter inch. E a c h ............................................... $2.25

5RROEOT
E.H.SRRGEF1T He CO. CHICAGO

L A B O R A T O R Y  SU PPLIES
155-165 E. Superior St. Chicago, 111.

Sargent Cone Drive 
Stirring M otor

Employing the highly efficient Cone Drive principle, the 
Sargent Cone Drive Stirring M otor is the most versatile and 
practical stirring motor available. Its highest recommendation 
is the fact th a t it is in daily use in hundreds of laboratories 
throughout the country giving efficient service in every appli­
cation.

Cone drive permits continuous adjustm ent of speed through­
out a range of 75 to  1300 r.p.m. with the full transmission of 
motor power a t all speeds.

Its freedom from vibration and its useful, steady and uniform 
range of low speeds make it particularly useful for such appli­
cations as the rotation of electrodes, calorimeter paddles, etc., 
where the most desirable operating speeds are below 200 r.p.m. 
The motor is equipped with binding posts for electrolytic 
analysis and with a special connecting post for the cathode 
which prevents scratching of the cathode wire.

The cone is of stainless steel, highly resistant to corrosion, the 
motor is finished in baked black enamel, and all other parts are 
heavily chromium plated.

9571 Cone Drive S tir r in g  M o to r, S a rg e n t
Complete with cross support rod, one extra friction ring, chuck 
with two collets, connecting cord and plug.

F or 110 v. 60 c y c le .....................................................................  $30.00
For 110 v. D .C ..................................................................................................... 32.00
F or 220 v. 60 c y c le ........................................................................................... 31.00

Please specify voltage when ordering.

The Sargent Centrifugal Agitator supplied with model LC 
stirring motor is 30% more efficient than propeller types as 
measured by ra te  of solution of copper sulphate. The entire 
agitator is made of Monel metal, and its head is separable and 
only %  inch in diameter, perm itting easy cleaning and insertion 
into vessels of small neck diameter.

Distance of the m otor from the support stand may be exactly 
adjusted by sliding the motor along the horizontal support 
arm.

The motor is a 3000 r.p.m. induction type and so may be 
used with absolute safety in the presence of inflammable vapors. 
On and off switch is enclosed in the motor case and a pulley is 
attached to the m otor shaft.

9581 S tir r in g  M o to r, S a rg e n t M odel LC.
Complete with Sargent Monel m etal Centrifugal Agitator, 
switch, support arm  and rubber covered cord and plug for 
connection to standard outlets. For 110 volt A.C., 60 cycle. 
E a c h .................................................................   $7.50
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brand' L A B O R A T O R Y  WARE
Catalog
Number Size ' Code

W ord
Quantity 
Per Pkg.

N et Price 
Each

Net Price per original pkg. in lots of
1 Pkg. 25 Pkgs. 50 Pkgs. 100 Pkgs.

1851 Plain 50 mm* BIRID 72 $.32 $20.74 $19.70 $18.67 $17.63
Accurate 65 mm BIRIC 72 .35 22.68 21.55 20.41 19.28

60° Angle 75 mm* BIRIB 60 .38 20.52 19.49 18.47 17.44
Funnel 100 mm* BIRIA 48 .48 20.74 19.70 18.67 17.63

1852 Fluted 50 mmf BIRHD 72 .35 22.68 21.55 20.41 19.28
Accurate 65 mm BIRHA 72 .38 24.62 23.39 22.16 20.93

60° Angle 75 mmf BIRIF 60 .42 22.68 21.55 20.41 19.28
Funnel 100 mmf BIRII 48 .53 22.90 21.76 20.61 19.47

*To replace funnels o f  th is size under catalog No. 1850. fA vailable after May 15th.

S A V E  T I M E
III FILTERING
WITH P YRE X BRAND
F U N N E L S . . .
TIME SAVED by the plain Pyrex Brand Funnel with 
accurate 60° angle has made it so eagerly sought by 
chemists that now the original size, 65 mm diameter, 
is supplemented by three other sizes— 50, 75 and 
100 mm. The unvarying precision of the 60° angle 
gives more accurate fitting of the filter paper, and re­
duces filtering time, as compared with an ordinary 
Bunsen funnel by about one half.
And now a further improvement! The accurate 60° 
angle funnel fluted. These flutings greatly increase the 
effective filtering area, (almost double), and reduce 
filtering time still further.
Pyrex Brand accurate 60° angle funnels may be had 
from your regular dealer—plain, in all four sizes; 
fluted, in the 65 mm size, only. The other three sizes 
of flu ted  funnels w ill be available after May 15th.

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

CORNING GLASS WORKS •  Corning, N ew  York


