
INDUSTRIAL
» i j p i u r . i i v r p n i i i r i :  a n a l y t ic a l  e d it io n
alLU J U  1 1  J L 1 1  J i  J O  U  21,000 Copies of This Issue Printed

CH EM ISTRY
Issu e d  J u n e  15, 1939

V ol. 31, C o n secu tiv e  N o . 23 

H arrison  E. H ow e, E ditor V o l .  1 1 , N o .  6

D e t e r m i n a t i o n  o p  N i t r o g e n  i n  S t a i n l e s s  S t e e l s  . . 

. . . .  Thos. R. Cunningham and Harry L. Hamner 303

T e t r a p h e n y l a r s o n i u m  C h l o r i d e  a s  A n a l y t i c a l  R e 

a g e n t  . . Hobart H. Willard and George M. Smith 305

D e t e r m i n a t i o n  o f  R i b o f l a v i n  i n  M i l k  b y  P h o t o 

e l e c t r i c  F l u o r e s c e n c e  M e a s u r e m e n t s ............................

................................................................David B. Hand 306

D e t e r m i n a t i o n  o p  N i c k e l  a n d  C o b a l t  i n  S il i c a t e

R o c k s ................................ E. B. Sandell and R . W. Perlich 309

C o n t r o l  o p  p H  i n  P e r o x i d e  S o l u t i o n s ..................................

.........................................J. S. Reichert and H. G. Hull 311

E s t i m a t i o n  o f  N it r o g e n  b y  K j e l d a h l  M e t h o d  . . .

..................................... A. Sreenivasan and V. Sadasivan 314

A n t i m o n y  E l e c t r o d e  f o r  I n d u s t r i a l  H y d r o g e n - I o n  

M e a s u r e m e n t s .............................................................G. A. Perley 316

C h a r a c t e r i s t i c s  o f  A n t i m o n y  E l e c t r o d e ............................

G. A. Perley 319

D e t e r m i n a t i o n  o p  A s c o r b ic  A c i d  .............................................

.................... Mary Mann Kirk and Donald K. Tressler 322

D e t e r m i n a t i o n  o f  T e t r a e t h y l l e a d  i n  G a s o l i n e  . . 

........................ George Calingaert and C. M. Gambrill 324

S e p a r a t i o n  o f  C o b a l t  f r o m  M a n g a n e s e ............................

W a r d e r ’s  M e t h o d  f o r  T i t r a t io n  o f  C a r b o n a t e s  . .

......................................................A. A. Benedetti-Pichler,
Michael Cefola, and Bernard Waldman 327

D u m a s  M e t h o d  f o r  O r g a n ic  N i t r o g e n ................................

............................................ Fred Shea and C . E .  Watts 3 3 3

M e t h o d s  o f  R e p r e s e n t i n g  D is t r i b u t i o n  o f  P a r t ic l e  • 

S i z e .................................................................................... J .  B . Austin 3 3 4

I m p r o v e d  F o r m  o f  J o n e s  R e d u c t o r ......................................

.................................... P. Nilakantan and N. Jayaraman 339

L a r g e - S i z e  E x t r a c t o r  f o r  L i q u i d s ...........................................

.......................................................Frederick W. Schreiber 340

M ic r o c h e m is t r y  :

S e r v ic e s  o f  E m il e  M .  C h a m o t  t o  C h e m ic a l  M ic r o s 

c o p y  ................................................................................................................ 3 41

D e t e r m in a t io n  o f  B i s m u t h  i n  B io l o g ic a l  M a t e r ia l  

.....................................................Donald M . Hubbard 3 4 3

M ic r o id e n t if ic a t io n  o p  M e t r a z o l e  i n  M ix e d  

A q u e o u s  S o l u t i o n s ...................Vincent E .  Stewart 34 5

M ic r o b io l o g ic a l  A s s a y  f o r  R ib o f l a v in  ......................

...........................................E. E. Snell and F. M. Strong 346

M o d if ie d  B u r e t  f o r  M ic r o a n a l y s is  o f  G a s e s  . . . 

.......................................................... David C . Grahame 351

M o d e r n  L a b o r a t o r ie s :

B a g l e y  H a l l , U n i v e r s it y  o f  W a s h i n g t o n .....................

................................................................ .W. L. Beusehlein 352.......................................................... J. G. Fairchild 326

T h e A m erican C hem ical S ociety  assum es no responsibility  for th e sta tem en ts and opinions advanced  b y  contributors to  its  publications.

P u b l ic a t i o n  O ffice* E a s to n ,  P e n n a .

E d i to r ia l  O ff ice : R o o m  706, M ills  B u i ld in g ,  W a s h in g to n ,  D . C . A d v e r t i s in g  D e p a r tm e n t :  332 W e s t 4 2 n d  S t r e e t ,  N ew  Y o rk ,  N . Y .

T e le p h o n e :  N a t i o n a l  0848. C a b le :  J ie c h e m  ( W a s h in g to n )  T e le p h o n e :  B r y a n t  9-4430

Published b y  th e A m erican C hem ical S ocie ty , Publication  Office, 20th & 
N ortham pton  S ts., E aston , Penna. E ntered as second-class m atter a t th e P ost  
Office a t  E a sto n , P enn a., under th e A ct of M arch 3, 1879, as 48 tim es a year. 
Industrial E d itio n  m on th ly  on th e  1st; A nalytical E d ition  m on th ly  on the  
15th; N ew s E d itio n  on th e  10th and 20th . A cceptance for m ailing at 
special rate of p ostage provided for in  Section  1103, A ct of October 3, 1917, 
authorized Ju ly  13, 1918.

R a t e s  f o e  C u r r e n t  N u m b e r s : A nnual subscription rates: 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  com plete S6.00; (a) Industrial E d ition  S3.00;

(b) A nalytica l E d ition  $2.50; (c) N ew s E d ition  $1 .50; (a) and (6) togeth er, 
$5.00. Foreign postage to  countries n ot in  th e  Pan A m erican U nion , $2.40;
(a) $1.20; (b) $0 .60; (c) $0.60. C anadian postage one th ird  th ese  rates. 
Single copies: (a) $0.75; (6) $0.50;^ (c) $0.10. Special rates to  m em bers.

N o  claim s can be allow ed for cop ies of journals lo st in  th e  m ails unless  
such claim s are received -within s ix ty  days of th e  d a te  of issue, and no claim s  
w ill be allow ed for issues lo st as a  resu lt of insufficient n otice  of change of 
address. (T en  d ays’ ad vance n o tice  required.) " M issin g from  files"  
cannot be accepted  as th e  reason for honoring a claim . C harles L. P arsons, 
B usiness M anager, M ills B u ild ing, W ashin gton , D . C ., TJ. S . A .



4 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 11, NO. 6

Write for Catalog E-96(l)

L E E D S  &. N O RTH RU P COMPANY, 4920 STENTON AVE., PH I LA., PA.

LEEDS & NORTHRUP
M EA SU RIN G  IN STRUM EN TS
Jrl-Ad E-9G(13)

T E L E M E T E R S  • A U T O M A T IC  CO N TROLS • H E A T -T R E A T IN G  FURNACES

S a m p le  c u p  is  q u ic k ly  f illed . O n ly  a 5 
m l s a m p le  o f  s o lu t io n  is  n e c e ss a r y  for  

a c c u r a te  d e t e r m in a t io n s .

UNIVERSAL PH INDICATOR
FAST — SIMPL — EASY TO MANIPULATE

Standardizations and compensations are m ade individually 
. . . to a high degree of accuracy. T hey are quickly checked 
whenever desired.

S a m p le  h o ld e r  s w in g s  in t o  p o s i t io n  a n d  
i s  r a ise d  t o  im m e r s e  e le c tr o d e  t ip s .  F i l l 
in g  t h e  c u p , in s e r t in g  i t  a n d  im m e r s in g  
t h e  e le c tr o d e s  ta k e s  b u t  a  fe w  s e c o n d s .

N ot only is the operator’s time saved by speedy operation, bu t 
wastes arising from incorrect pH  values are minimized.

C u p  is  e a s ily  p la c e d  in  h o ld e r . E n t ir e  
co r n e r  o f  t h e  c a s e  s w in g s  o u t  le a v in g  
h o ld e r  a n d  e le c tr o d e s  fr e e ly  a c c e s s ib le .

An assurance of accuracy which accompanies simple, s tra igh t
forward operation comes to users of the Universal pH  Indicator. 
The logical, well-marked sequence of m anipulation is quickly 
learned. Knobs and switches are easily accessible. M easure
ments are m ade a t maximum speed. Because operation is so 
easily understandable, the probability of errors arising from 
faulty m anipulation is practically non-existent.

Particularly  convenient is the electrode com partm ent shown 
a t the left. Sample cup and electrodes are freely accessible for 
cleaning and filling. Solution is easily agitated and equilibrium 
is quickly reached. Cup is positively positioned and cannot 
touch electrodes when they are properly installed.
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“ S u p e r - P u r i t y  ’  ’

Achieved by Mallinckrodt Research 

. . . ALUMINUM CHLORIDE ANHYDROUS A. R.

Pure White Cleanly Soluble

No longer need you work w ith an Aluminum Chloride Anhydrous which is 

off-color andjgives turbid  solutions. M allinckrodt Research has produced 
this Analytical Reagent as a pure w hite powder which is outstanding for its 
“ super-purity” as evidenced by the  clarity of its solutions. Iron has been 
lowered to  the  m axim um  lim it of 0.002%, H eavy M etals (as Pb) 0.001%, 
and Sulfate 0.002%.

Use this im proved reagent in your laboratory and note its 

definite superiority. Send for the  M allinckrodt Catalog of 
A nalytical Reagents where the  M axim um  Limits of Im purities 
for nearly 500 other chemicals are published.

ST. LOUIS 
CHICAGO

C H E M I C A L  W O R K S
NEW YO RK  

PHILADELPH IA
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For p yrom eter  accu racy , h i t  th e  n a il on  

th e  h e a d —go all th e  w ay. W ith  your  

C h ro m el-A lu m el cou p les , be sure to  u se  

C h ro m el-A lu m el lea d s . . . .  I f  you u se  so -  

ca lled  “ c o m p e n sa tin g ”  lea d s , in s te a d , 
y o u ’re a p t to  g e t an  error m ore seriou s  

th a n  you  w a n t to  to lera te . T h e  ju n c t io n  

w h ere th e  lead s and  cou p les jo in  o fte n

g ets  very h o t , and t h a t ’s w h a t m a k es th e  

error. B u t w h en  th e  lea d s and  cou p les are 

o f  th e  sa m e  m a ter ia l, th e  tem p era tu re  

o f  th e ir  ju n c t io n  is  o f  n o  s ig n ifican ce . 
T h e n , th ere  is  n o th in g  for w h ich  to  

c o m p e n sa te . S o , for p yrom eter  accu racy , 

sen d  for F older C -A . . . . H osk in s M a n u 

fa c tu r in g  C om p an y , D etro it, M ich ig a n .

C H R O M E L - A L U M E L

"Hit the Nail on the H ead"
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T W O  N e w  A C E  
D E V E L O P M E N T S

F I B E R  G L A S S  F I L T E R S
M ade E xclusively  U n der O ur U.S. P a te n t  N o. 2136170

After three years of research Ace offers over 
100 filter disc items previously obtainable only 
from abroad.
Ace fiber glass filter discs are more rugged than  
similar discs m ade of granules.
Ace fiber glass filter discs, Pyrex brand glass 
thruout, are unaffected by corrosive solutions 
except hydrofluoric acid.
Ace filter crucibles, funnels, and other ware all 
feature heavy beaded construction increasing 
strength and thus reducing breakage.
Individually tested for pore size.
Available in porosities 0. 1, 2, 3.

A C E  S P H E R I C A L  J O I N T S
P a te n t  A p p lie d  For 

F L E X IB L E —N O N F R E E Z IN G — IN T E R C H A N G E A B L E

These joints provide a positive seal superior to  
present tapered joints; elim inating the need 
for lubricants, metals and other coverings.
Tapered joints require an absolutely true align
m ent while spherical joints perm it a  deviation 
of 20°. This facilitates all laboratory set-ups. 
Chemists well know of the breakage and  tim e 
lost in assembling and dism anteling apparatus. 
Spherical joints are easily assembled and come 
ap art immediately. This eliminates m ost 
breakage.
Sizes, inside diam eter of tube, 1, 1)4, 2, 3, 5, 7, 
9, 11, 12, 15, 20, 25 mm.
A dapters can be supplied perm itting  use of 
spherical joints w ith present “S tandard  T aper” 
joints.
S p ec ia lly  d e s ig n ed  c la m p s  are  ava ila b le  f o r  th e se  
jo in ts .

ACE GLASS INC.
VINELAND, N. J.

M A N U FA C T U R E R S O F  LABO RATO RY G L A SSW A R E

O b ta in a b le  from  le a d in g  L a b oratory  S u p p ly  D ea ler s
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A  A New High-Precision Unit
ANNOUNCING  for X-Ray Diffraction

GENERAL ELECTRIC X-RAY CORPORATION

WIT H  the  new precision-built M odel X RD , G eneral 
E lec tric  fulfills tlie  increasing  dem ands of indus

tria l science fo r a com pact, versatile , safe appara tus for 
application  o f x-ray diffraction m ethods to  a m u ltitude  
o f in d u stria l and  research  problem s.

T he X R D  em bodies featu res w hich  satisfy the  m ost 
rigorous specifications fo r p recision  research  and  con
tro l w ith o u t sacrificing th e  req u irem en ts  fo r safety, 
convenience, sim plicity , com pactness, flexibility , ease 
o f operation , an d  adap tab ility  th a t m ake fo r  econom 
ical app lication  o f a m ethod  offering g rea t advantages 
to  th e  chem ist and  m etallu rg ist. T edious lab o r involved 
in  m ounting  specim ens, reg istering  diffraction patterns, 
and  operating  th e  appara tus has been  largely  e lim ina
ted  in  th e  design o f th is  new  G -E  X-Ray u n it, th u s  a l
low ing th e  o pera to r to  spend  h is  tim e  p lann ing  research  
ro u tin e , p reparing  specim ens, and  in te rp re tin g  results.

A ll e lectrical p arts  are  com pletely  enclosed, to  provide 
the u ltim ate  in  electrical safety. A nd yet the  energizing 
equ ipm en t is capable o f operating  th e  m ost pow erful 
x-ray diffraction tubes com m ercially  availab le today. 
B u ilt p rim arily  to  prov ide long, re liab le , econom ical 
service, th e  little  details w hich  m ake fo r co n v en ien ce- 
such as th e  e lectric  clock  w ired  in to  th e  c ircu it fo r 
tim ing exposures, an d  th e  ru b b er-tired  casters w hich  
m ake i t  easy to  m ove a b o u t—have n o t been  forgotten. 
In  fact th e re  are  dozens of th em  w hich  th e  in d u stria l 
scientist w ill recognize in stan tly , and  appreciate  even 
m ore as h e  uses the  un it.

A  new  catalog describ ing th e  G-E M odel XRD  and  
accessory item s, and  inc lud ing  m uch  valuab le  in fo r
m ation  concern ing  th e  possible app lications o f x-ray 
diffraction, is  ju s t  off the  press. W rite  fo r  yo u r copy 
today. Ju s t ask  fo r P ub lica tio n  No. I  96.

More Compact, More Versatile, Completely Safe
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MERCK REAGENTS USED IN THE CHEMISTRY OF IRON

M n — S o d iu m  B ism u th a te— assay 85%—M n  <^.0005% 
A m m o n iu m  P ersu lfa te—M n  <^.001%

P — A cid  M o ly b d ic — assay 8 5 % —free from  C o p p er  

M a g n es iu m  C h lo r id e —<^.0005%  P  

A m m o n iu m  C h lo r id e —<^.0002%  P  

Si— A cid  P e r c h lo r ic  6 0  & 72% — n ot m o re  than 0 00%  S 1O 2 

S — C ad m iu m  C h lo r id e —<^.0015%  S 

B arium  C h lo r id e — clearly  so lu b le

M erck  R e a g e n t M in era l A c id s  and A m m o n ia  W ater  are m ar

k eted  in  " p o u r -c lea n ” b o ttle s  w ith  n ew ly  d e v e lo p e d , n o n 

le a k in g  and easily  rem o v a b le  p la stic  sc r e w  caps.

M E R C K  & C O .  Inc. ^ /e n ititô  RAHWAY, N. JL
N ew  Y o rk  ■ P h iladelph ia  • St. Louis • In Canada: M erck & Co. Ltd., M ontrea l and  T o ro n to

From iron ore to pig and cast irons, 
the chemist and the metallurgist are 
dominant factors in the control of 
the process and finished products.

A strong, cough, even-grained 
metal, yet soft enough to drill and 
cut, are quality factors dependent 
upon the constituent impurities in 
the ore, or their elimination through 
the chemistry of the blast furnace 
process. Whether the iron be foun
dry pig, cast iron pipe, cast iron 
locomotive cylinders, chilled cast 
iron wheels, malleable castings, gray 
iron castings—Merck Analytical Re
ag en ts  g u id e  the  all im p o rta n t 
C-Mn-P-Si-S balance.
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A. H. T. CO. SPECIFICATION

E L E C T R IC  S TIR R IN G  APPARATUS
D IR ECTLY  CONNECTED TO A VARIABLE  

SPEED, UNIVERSAL MOTOR

ELECTRIC STIRRING APPARATUS, Variable Speed, 
A.H.T. Co. Specification. C onsisting of Vioo h .p . u n i
versal m o to r w ith  speed contro l rh eo sta t, ad ju stab le  chuck, 
M onel m eta l s tirrin g  rod, an d  hollow su pporting  arm , 8 
inches long X '/V inch  ou tside d iam eter, for fasten ing  th e  
com plete u n it to  a su p p o rt s tan d  in an y  desired  position  or 
angle by  m eans of th e  usual clam p holder.

W ith  rh eo s ta t enclosed in ven tila ted  m eta l cage 2 -l/ 4 
inches high, m oun ted  on top  of th e  m otor, and  contro l 
knob p ro tec ted  from  excessive h ea t by  a concealed asbestos 
disc. S tirring u n it is finished in b righ t black A lum ilite. 
T he chuck tak es 3/ u  or V-rinch s tirring  rods, of either 
m etal or glass of the various types such as listed  under our 
No. 9245, and  provides approx im ate ly  I-V 2 inches of b ea r
ing surface so th a t  ex tra  long stirrers  can be used w ith 
m inim um  v ib ra tio n  a t  th e  propeller. A Vg-inch hole in 
th e  s ta tio n ary  portion  of th e  chuck, for insertion of a  lever, 
m akes i t  possible to  release th e  s tirre r a fte r long and  con
tinuous use.

F o u r lite r  q u an titie s  of 10%  A lum inum  H ydroxide 
solution have been thoroughly  m ixed w ith  th is  s tirrer. 
W ith  ligh ter loads, th e  speed can be varied  from  a few 
revolu tions to  4000 r.p .m .

9234-E. Stirring Apparatus, Electric, A.H.T. Co. Specification, as above described, with Monel metal stirring rod 9 inches 
long X 34Mnch diameter and with four-blade propeller l lA  inches diameter, 6 ft. rubber covered connecting 
cord with snap switch and plug, but without support, clamp holder or beaker. Weight, 2% lbs. For use
on 110 volts a.c. or d.c.................................................................................................................................................... 13.50
Code Word........................................................    Oikiv
10% discount in lots of 12.

9234-G. Stirring Assembly, complete as shown in above illustration, consisting of 9234-E Stirring Apparatus, mounted 
by means of Fisher Castaloy clamp holder on 9341-H Support with Coors porcelain horseshoe type base and 
rod of aluminum alloy, but without glass beaker. The Alumilite finished Stirring Unit with Monel metal stir
ring rod, in combination with porcelain base support with Alumilite finished rod and Castaloy clamp holder,
provides a rust-resisting assembly...............................................................................................................................17.05
Code Word................................................................................................................................................................. Oikkr

9341-H. Support, only, with horseshoe type base of solid Coors porcelain on rubber feet, with rod of aluminum alloy with 
Alumilite finish. Base is inches long X 7}/g inches wide, with 4%  inches clearance between feet. Rod is 
24 inches long X H  inch diameter. The porcelain base is glazed except on bottom surface, making it easy to keep
clean and impervious to the reagents in common laboratory use................................................................................3.25
CodeWord...................................................................................................................................................................  Oloye
10% discount in lots of 10; 15% discount in lots of 50; 20% discount in lots of 100

ARTHUR H. THO M AS COMPANY
R E T A IL —W H O LESA LE— E X P O R T

LABORATORY APPARATUS AND REAGENTS
W EST W ASHINGTON SQUARE, P H ILA D ELP H IA , U .S .A .

Cable Address, "B alance,” Philadelphia
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Determination of Nitrogen in Stainless Steels
T H O S . R . C U N N IN G H A M , E lec tro  M eta llu rg ica l C o m p a n y , A N D  H A R R Y  L. H A M N E R ,

U n io n  C arbide a n d  C arbon  R esea rch  L ab oratories, In c .,  N iagara  F a lls , N . Y .

THE commercial production of chromium steels containing 
nitrogen has necessitated the development of an ac

curate method for determining this element. The Allen 
method (1) for combined nitrogen in plain carbon steels con
sists in dissolving the sample of metal in the form of drillings 
or millings in hydrochloric acid (sp. gr. 1.11), making the solu
tion alkaline with calcium oxide, distilling off the ammonia, 
and completing the determination with Nessler’s solution.

Among the authors who have employed modifications of 
Allen’s method are Tschischewski (-5), Weiss and Englehardt 
(6), Ruff and Eisner (4), Johnson (2), and Jordan and 
Swindell (3). Jordan and Swindell’s modification of Allen’s

The amounts of nitrogen that were found in the acid-insolu
ble portions of several stainless steels are shown in Table I. 
This table also shows that results for nitrogen by the authors’ 
modification of Jordan and Swindell’s method agree very well 
with the results obtained by the vacuum fusion method. The 
method to be described has been used by this and other 
laboratories since 1932.

M eth od
Five grams of the sample are transferred to a large platinum 

dish (300-ml.) provided with a tight-fitting cover, and treated 
with 50 to 60 ml. of dilute hydrochloric acid (1 to 1, prepared

T a b l e  I. A n a l y s i s  o f  T i t a n i u m  a n d  C o l u m b i u m  ( P l u s  T a n t a l u m ) S t a i n l e s s
S t e e l s  r o n  N i t r o g e n

------- N itrogen -------.
A cid  A cid T ota l

— C om position  of S teel-------

T y p e  of S teel so lub le insoluble N Cr N i c Cb T a T i M n Si
% % % % % % % % % % %

1 8 -8  +  Cb 0 .0 3 1 0 .0 1 5 0 .0 4 6 17.81 9 .1 8 0 .0 7 0 .7 5 0 .0 9 N ot
over
0 .0 1

0 .5 2 0 .3 6

1 8 -8  +  Cb 0 .1 5 0 .0 7 0 ,2 1
0 .2 2 “

18 .18 8 .8 0 0 .0 6 2 1 .1 0 0 .0 4

1 8 -8  +  T i 0 .0 0 6 0 .0 4 2 0 .0 4 8 18 .21 9 .1 7 0 .1 5 8 1 .5 6 0 .3 1 0 .5 4
24 Cr +  T i 0 .0 0 9 0 .3 0 0 0 .3 0 9

0 .3 0 9 «
2 3 .9 8 0 .1 0 4 •• 1 .3 6

2 4 C r  +  T i 0 .0 1 1  0 .2 7 0  
°  R esu lts  obtained  b y  vacuum  fusion.

0 .2 8 1 2 3 .6 7 1 .1 8 0 .0 9 4 1 .2 7

method, which consists in dissolving the sample in hydro
chloric acid (sp. gr. 1.11), adding a strong solution of potas
sium hydroxide, distilling the ammonia over into a measured 
excess of standard sulfuric acid, and titrating the excess acid 
with alkali, is applicable to most stainless steels, provided 
they do not contain any metals such as titanium, columbium, 
tantalum, tungsten, or vanadium, which form acid-insoluble 
nitrides. Tschischewski (5) stated that in a 0.35 per cent 
silicon and 0.84 per cent manganese steel he found a residue 
insoluble in hydrochloric acid that contained 0.000125 per 
cent of nitrogen. The authors have experienced no inter
ference due to silicon, which undoubtedly is because of the use 
of hydrofluoric acid in the initial solution of the sample. 
However, the nitrogen in a titanium-treated steel, provided 
sufficient titanium is added, will be found almost entirely in 
the hydrochloric acid-insoluble residue. If the steel is alloyed 
with columbium, tantalum, or vanadium, only part of the 
nitrogen will be in the insoluble residue. Since one or more of 
these elements are frequently present in stainless steels, it  is 
never safe to omit testing any acid-insoluble residue for nitro
gen.

by mixing ammonia-free water with hydrochloric acid, sp. gr. 
1.19, from a fresh bottle that has just been opened), a little at a 
time, until the violent reaction ceases. Three milliliters of hy
drofluoric acid (48 per cent, from a freshly opened bottle) are 
next added and the dish and its contents are heated on a hot- 
water bath until the solution of the alloy is practically complete. 
Should the alloy dissolve completely in the hydrochloric acid, 
the addition of hydrofluoric acid may be omitted and the solution 
of the alloy may be effected in a 150-ml. covered beaker.

While the alloy is being dissolved, 100 ml. of sodium hydroxide 
(500 grams per liter), several small pieces of mossy zinc, about 
400 ml. of water, and 20 grams of tartaric acid are transferred 
to a 500-ml. Kjeldahl flask connected to a spray trap and a block- 
tin condenser. The apparatus used is shown in Figure 1. Two 
hundred milliliters of the solution are distilled over and discarded, 
and the alkaline solution in the Kjeldahl flask is then allowed to 
cool.

The solution of the alloy is removed from the hot-water bath, 
allowed to cool, and added to the sodium hydroxide solution in 
the Kjeldahl flask. The tartaric acid previously added to the 
alkaline solution serves to hold most of the iron and chromium 
in solution and thus makes the distillation much easier. The dish 
is rinsed successively with four 50-ml. portions of ammonia-free 
water. The contents of the flask are then boiled until 200 ml. of 
the distillate have passed over. The distillate is collected in 25 ml. 
or more of standard 0.02 N  hydrochloric acid, depending upon
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the nitrogen content of the alloy. The excess of acid is titrated 
with standard 0.02 Ar sodium hydroxide solution. Two drops of 
a 1 per cent aqueous solution of sodium alizarin sulfonate are 
used as an indicator. The end point is marked by the complete 
disappearance of the clear yellowish green color, or the first 
indication of a brown. Each milliliter of 0.02 N  hydrochloric 
solution is equivalent to 0.00028 gram of nitrogen. A blank is 
run on all the reagents used and any nitrogen found is deducted. 
For steels containing very low percentages of nitrogen, solutions 
weaker than 0.02 N  are used.

Should the steel contain vanadium, titanium, columbium, tan
talum, or any other metals known to form a nitride insoluble in 
hydrochloric acid the solution obtained as described in the first, 
paragraph should be filtered on a 9-cm. filter and the residue 
washed well with 1 per cent hydrochloric acid. The nitrogen in 
the filtrate is determined as described in paragraphs 2 and 3. The 
paper and insoluble residue are transferred to a 500-ml. Kjeldahl 
flask, 10 grams of potassium sulfate, 1 gram of copper sulfate, 
and 20 ml. of sulfuric acid (sp. gr. 1.84) are introduced, and the 
flask and its contents are heated just below the boiling point of 
the acid until all frothing ceases. x\t no time during the digestion 
should the part of the flask above the surface of the liquid be 
heated. The liquid is next heated to boiling and the boiling con
tinued for from 15 to 30 minutes after the solution has become 
colorless. The solution is allowed to cool, 200 to 250 ml. of am
monia-free water are added, the flask is connected to the con
denser, 150 ml. of 10-per cent sodium hydroxide solution are 
added, and the nitrogen in this solution is determined as de
scribed in paragraph 3. A blank is run on all the reagents used, 
including the filter paper, and any nitrogen so found is deducted. 
Any nitrogen found after deducting the “blank” is added to that 
obtained by acid solution of the sample and distillation, to ob
tain the total nitrogen.

Ammonia-free water is prepared by dissolving 200 grams of 
potassium hydroxide and 8 grams of potassium permanganate 
in 1100 ml. of distilled water and boiling the solution until the 
volume has been reduced to approximately 1000 ml. This solu
tion is added to the water to be purified in the ratio of 1 to 10. 
Distillation is then carried on until a test of 100 ml. of the distil
late does not require more than 1 or 2 drops of 0.02 Ar hydro

chloric acid solution. Two drops of a 1 per cent aqueous solution 
of sodium alizarin sulfonate are used as the indicator.

L itera tu re  C ited
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(3) Jordan, L., and Swindell, F. E., N atl. Bur. Standards, Sci. Paper
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(4) Ruff, O., and Eisner, F., Her., 41, 2252 (1908).
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C orrection

In an article entitled, “A Modification of the Berl-Kullmann 
Melting Point Block” [ I n d . E n g . C h e m ., Anal. E d . ,  9 , 34 0
(1 9 3 7 ) ]  failure was inadvertently made to mention an article 
by Matthaus and Sauthoff [Chem. Fabrik, 8 , 92  (1 9 3 5 ) ] ,  who 
have designed a block in which reflections from the surface 
of the melting point tube are eliminated by illumination from 
above. Unfortunately, this article was not abstracted by the 
American or British abstracts, upon which dependence was 
placed in the literature search (an abstract was later found in 
Centralblatt) . The author wishes to acknowledge the priority of 
Matthaus and Sauthoff in regard to the feature of the block 
mentioned.

F .  W . B e r g s t r o m

S t a n f o r d  U n i v e r s i t y , C a l i f .
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Tetraphenylarsonium Chloride as an 
Analytical Reagent

Determination o f Rhenium

H O BA R T H . W IL L A R D  A N D  G E O R G E  M . S M IT H 1 
U n iv ers ity  o f  M ic h ig a n , A n n  A rbor, M ich .

THE perrhenate ion unites with the tetraphenylarsonium 
ion, in the reaction

(C6H6)4As+ +  Re04~ = (CeHsJjAsReOj

to form a white, crystalline precipitate which is insoluble in 
cold water. This permits the quantitative determination of 
perrhenate both potentiometrically, by the titration of the 
excess reagent with iodine (1), and gravimetrieally. The 
latter is usually more convenient and is the method described 
in this paper. The potentiometric titration is, however, 
equally satisfactory.

The determination is carried out by adding an excess of 
tetraphenylarsonium chloride to the perrhenate, keeping the 
volume as small as possible. The precipitate, which is 
allowed to stand several hours, preferably overnight, is 
filtered through a Gooch crucible, washed several times with 
ice water, dried, and weighed as (CoIIs^AsReOi. The pre
cipitation is carried out in a hot solution, in  the presence of a 
neutral salt, such as sodium chloride or sodium sulfate, to 
make the precipitate more granular and more easily trans
ferred. The most satisfactory precipitation medium is 0.5 
molar sodium chloride. Nitrates, except in very low con
centration, should be avoided because of the limited solubility 
of tetraphenylarsonium nitrate.

T a b l e  I .  G r a v i m e t r i c  D e t e r m i n a t i o n  o f  P e r r h e n a t e  

(V olu m e, 25 to  60 m l.; N aC l, 0 .5  m olar)
, ; Perrhenate--------------- .
P resen t Found Error

Mg. M g. Mg.

0 .4 4 0 .4 0 - 0 . 0 4
0 .8 9 0 .9 1 + 0 . 0 2
1 .3 3 1 .2 6 - 0 . 0 7
1 .7 8 1 .8 2 + 0 .0 4
2 . 2 2 2 . 2 1 - 0 . 0 1
4 .4 4 4 .4 3 - 0 . 0 1

1 3 .3 2 1 3 .3 3 + 0 . 0 1
1 7 .7 6 1 7 .8 2 + 0 .0 6
2 2 . 2 1 2 2 . 2 1 ± 0 . 0 0
2 2 . 2 1 2 2 .1 7 - 0 . 0 4
44 .4 1 4 4 .3 9 - 0 . 0 2
8 8 .8 2 8 9 .0 0 + 0 .1 8

13 3 .2 4 1 3 3 .1 8 - 0 . 0 6

Determinations were attempted in the presence of most of 
the common anions and cations. Anions, such as perman
ganate, periodate, perchlorate, thiocyanate, iodide, bromide, 
and fluoride, which unite directly with the tetraphenyl
arsonium ion to form insoluble compounds, should be absent. 
Those cations the halide complexes of which form insoluble 
tetraphenylarsonium compounds in the presence of 0.5 
molar chloride ions interfere except in very low concentra
tion. High concentrations, approaching saturation, of any 
substance should be avoided to prevent the precipitation of 
excess reagent. In general, the presence of other substances 
in solution causes the formation of a precipitate which is more 
easily transferred.

P roced u re
In all determinations a standard solution, made by dissolving 

pure potassium perrhenate in water containing 8.8824 mg. of 
perrhenate ion per ml. was used. To a definite volume of the 
hot solution, containing sufficient sodium chloride to make the

‘P resen t address, V anderbilt U n iversity , N ash v ille , T enn.

final solution about 0.5 molar, a measured excess of tetraphenyl
arsonium chloride is added. The total volume should be 25 to 
00 ml. The mixture is stirred and allowed to stand several hours, 
preferably overnight.

The precipitate is filtered through a Gooch crucible, washed 
several times with ice water, and dried at 110° C. It is weighed 
as tetraphenylarsonium perrhenate, ( C 6H :,),iA sR cO i. Multiply
ing by the factor 0.3952 converts this weight to perrhenate, 
Re04~.

T a b l e  II. E f f e c t  o f  A c i d i t y  a n d  A n i o n s  o n  P e r r h e n a t e  
D e t e r m i n a t i o n s

(ReO<", 22.21 m g.; to ta l vo lu m e, 25 to  30 m l.)
S ubstance M olar Perrhenate

Present C oncentration Error, M g.

HC1 0 .5 + 0 .0 4
HC1 4 .8 + 0 .0 8
HNOa 0 .7 + 1 .5 4
h 2so< 0 . 8 + 0 .0 9
H 2SOi 3 .6 +  1 .3 0
H 3PO 4 0 . 8 + 0 .0 7
H C 2H i0 2 6 .9 + 0 .1 9
C itric acid 0 . 2 0 .0 0
Tartaric acid 0 . 6 + 0 .0 8
Oxalic acid 0 .3 + 0 . 1 0
N aiSO i 0 .5 - 0 . 0 1
NajWO« 0 . 1 + 0 .0 4
NaiH PO * 0 . 1 - 0 . 1 1
N H 4OH 6 .0 + 0 .0 3
N aO H 0 .5 - 0 . 2 6

In this way quantities of perrhenate varying from 0.40 
to 133 mg, have been determined with satisfactory accuracy 
in the presence of various other ions. Typical data are shown 
in Table I. Many of these gravimetric results were dupli
cated by the potentiometric titration of the excess of reagent 
with iodine.

T a b l e  I I I .  E f f e c t  o f  C a t i o n s  o n  D e t e r m i n a t i o n  o f  P e r 
r h e n a t e  ( I n c l u d i n g  M e t a v a n a d a t e , V 0 3~)

(V olum e, 25  to  35 ml. N aC l, about 0.5 molar)
Ion Q u an tity Perrhenate

Present of Ion Presen t Found Error
Mg. Mg. Mg. Mg.

A1 + + + 112 2 2 .2 1 2 2 .1 3 - 0 . 0 8
B a + + 565 4 4 .4 1 4 4 .3 4 - 0 . 0 7
C a + + 360 4 4 .4 1 4 4 .3 4 - 0 . 0 7
C d + + 440 2 2 .2 1 2 2 .1 7 - 0 . 0 4
C o + + 210 1 .3 3 1 .2 6 - 0 . 0 7
C r + + + 215 4 4 .4 1 4 4 .5 0 + 0 .0 9
C u + + 255 4 4 .4 1 4 4 .3 4 - 0 . 0 7
F e + + 200 2 .2 2 2 .2 9 + 0 .0 7
F e + + + 206 2 .2 2 2 .1 3 - 0 . 0 9
F e + + + 206 4 4 .4 1 4 4 .3 4 - 0 . 0 7
M g + + 100 2 2 .2 1 22 .2 1 0 .0 0
M n  + + 275 2 2 .2 1 2 2 .2 1 0 .0 0
N i + + 250 22 .2 1 2 2 .1 3 - 0 . 0 8
Sb + + + 366 2 2 .2 1 2 2 .1 7 - 0 . 0 4
U 0 2 + + 635 2 2 .2 1 2 2 .3 0 + 0 .0 9
v o ++ 200 4 4 .4 1 45 .0 1 + 0 .6 0
VO + + 800 2 2 .2 1 2 3 .6 7 +  1 .4 6vo++ 1000 4 .4 4 6 .9 7 +  2 .5 3
V 0 3 - 35 4 4 .4 1 4 4 .5 7 + 0 .1 6
V 0 3 - 650 2 2 .2 1 2 2 .3 1 + 0 .1 0
V 03- 520 4 .4 4 4 .5 5 + 0 .1 1
Zn + + 260 22 .2 1 2 2 .1 7 - 0 . 0 4

Similar determinations were satisfactorily made under 
conditions of acidity varying from weakly alkaline to fairly 
strongly acidic. Sodium hydroxide has a solvent action on 
the precipitate, but a relatively high concentration of am
monium hydroxide is not harmful. Nitric acid or nitrates, 
except in very low concentration, will cause coprecipitation of 
tetraphenylarsonium nitrate with the perrhenate. High 
results are obtained with high concentrations of hydrochloric
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acid or other acids, probably because of the decreased solu
bility of the reagent under such conditions. Bromide, iodide, 
and fluoride, in more than traces, should be absent. Tung- 
state does not interfere. Results are shown in Table II.

T a b l e  IV. E f f e c t  o f  N i t r a t e  a n d  M o l y b d a t e  o n  
P e r r h e n a t e  D e t e r m i n a t i o n

(V olum e, 20 to  35 m l.; N aC l, ab out 0 .5  molar)
C oncen Perrhenate

S ub stan ce Present tration Present Found Error
Mg. M g. Mg.

N H 4NO* 0 .5  M 4 4 .4 1 5 0 .9 8 + 6 .5 7
N aN O s 0 .3  M 2 2 .2 1 2 5 .7 7 + 3 .5 6
NaNOa 0 .0 1 6  M 2 2 .2 1 2 2 .4 0 + 0 .1 9
NaNO* 0 .1  M 0 .8 9 0 .9 1 + 0 .0 2
N aN O j 0 .0 5  M 0 .4 4 0 .4 0 - 0 . 0 4

M g. M oO  2
MoO* 4- 4 m l. NH<OH 315 22 .21 2 2 .1 3 - 0 . 0 8
MoO* +  3 g . tartaric acid 315 2 2 .2 1 2 2 .2 1 0 .0 0
MoO* +  4 ml. N H 4OH 210 2 .2 2 ~2 . 25 + 0 .0 3
MoO* 4* 4 m l. N H 4OH 210 4 4 .4 1 4 4 .3 4 - 0 . 0 7
MoO* 4- 3 g . tartaric acid 210 44 .4 1 4 4 .2 6 - 0 . 1 5
MoO* +  4 ml. N H 4OH 100 0 .4 4 0 .4 0 - 0 . 0 4
MoO* 4* 4 m l. NH4OH 100 2 22 2 .2 1 - 0 . 0 1
MoO* +  2 ml. NH4OH 100 2 2 .2 1 2 2 .2 9 + 0 .0 8
M oO j +  2 m l. N H 4OH 20 2 2 .2 1 2 2 .1 7 - 0 . 0 4
MoO* 100 22 .2 1 1 2 0 .2 6 + 9 8 .0 5

In ter fer in g  S u b sta n ces
The effect of the presence of various cations is shown in 

Table III. Only those ions interfere which form insoluble 
chlorides or whose complex halides form insoluble salts with 
tetraphenylarsonium ion. These include mercuric, stannic, 
bismuth, tellurium, lead, vanadyl, and silver. Cadmium 
and zinc do not interfere if the chloride-ion concentration is 
low. Metavanadate ion in fairly high concentration does 
not interfere. All these ions serve to make the precipitate 
more granular.

The presence of nitrate even in small quantities may cause 
serious interference if the quantity of perrhenate is fairly 
large. However, the interference is not so pronounced for 
very small amounts of perrhenate. I t  is practically impossible 
to wash out all traces of tetraphenylarsonium nitrate from 
the heavier perrhenate precipitate. Typical data are shown 
in Table IV.

Molybdate ion forms a fairly insoluble precipitate with 
tetraphenylarsonium ion, but this precipitation is hindered 
or prevented altogether in the presence of ammonium hy
droxide, tartrates, citrates, and their acids. Typical data 
are shown in Table IV.

S u m m a ry

From 0.40 to 133.0 mg. of perrhenate ion can be determined 
gravimetrically with tetraphenylarsonium ion, in moderate, 
excess, in volumes from 25 to 60 ml.

The presence of a small amount of sodium chloride, about 
0.5 molar, or of other salts, and heating before precipitation 
are very effective in producing a crystalline precipitate which 
is easily transferred and washed.

Accurate determinations may be made in solutions varying 
from strongly ammoniacal to fairly strongly acidic.

Permanganate, perchlorate, periodate, iodide, bromide, 
fluoride, thiocyanate, mercury, tin, vanadyl, and bismuth ions 
interfere.

Nitrate must be absent in all but very low concentrations. 
Interference by molybdate may be avoided by the use of 
ammonium hydroxide or tartaric acid.

L itera tu re  C ited
(1) W illard and Smith, I n d . E n g . C h e m ., Anal. Ed., 11, 186 (1930).

Determination of Riboflavin in Milk
By Photoelectric Fluorescence Measurements

D A V ID  B . H A N D , C o rn e ll U n iv e r s ity , I th a c a , N . Y .

R ib oflav in  in  m ilk  w a s d e te r m in e d  by a d d in g  50 
m l. o f  a c e to n e  to  25 m l.  o f  m ilk , f ilte r in g , a n d  
co m p a r in g  t h e  flu o rescen ce  o f  th e  f iltr a te  w ith  
th a t  o f  a  c u b e  o f  u r a n iu m  g la ss  w h ic h  h a d  p re
v io u sly  b e e n  c a lib r a ted  a g a in s t  so lu t io n s  c o n ta in 
in g  k n o w n  a m o u n ts  o f  r ib oflav in . T h e  co m p a r iso n  
o f  flu o rescen ce  w a s m a d e  w ith  a  p h o to e le c tr ic  
c e ll  a n d  m ic r o a m m e te r , u s in g  su ita b le  g la ss  
filters .

RIBOFLAVIN or lactoflavin, the principal water-soluble 
pigment of milk and whey, is of interest because of its 

nutritional value as 'vitamin G (8), its behavior as a co-en
zyme (15, 17), as a hydrogen acceptor (16), and as a photo
sensitizer for the oxidation of vitamin C in milk by light 
(5, 6, IS). The riboflavin content of milk can be determined 
rapidly and accurately by using suitable light filters and 
standards and measuring with a photoelectric cell and micro
ammeter the fluorescence produced in a filtered acetone ex
tract of milk or whey.

Methods for the determination of riboflavin so far de
scribed have involved visual estimation of color or fluorescence

intensity by comparison with standards, or photoelectric 
measurement of either light absorption or fluorescence in
tensity. Charité and Khaustov (1) compared riboflavin ex
tracts with a standard solution of potassium chromate in 
a colorimeter. Kuhn, Wagner-.Jauregg, and Kaltschmitt 
(11) determined the chloroform-soluble, photochemical de
composition product with a stage photometer. Koschara (7) 
purified the riboflavin solutions with chromatographic ad
sorption and oxidation by permanganate, and determined 
concentrations directly in a stage photometer. Sullivan (13) 
measured the light absorption by the use of filters and a photo
electric cell. Euler and Adler (3) and later Suppléé, Ans- 
bacher, Flanigan, and Hanford (14) and Whitnah, Kunerth, 
and Kramer (30) compared visually the fluorescence of un
known and standard riboflavin solutions. Weisberg and 
Levin (19) described a similar method but used fluorescein 
solutions as standards. Cohen (2) measured the intensity 
of fluorescence directly with a photoelectric cell and ampli
fier, using fluorescein as a standard.

The methods based on light absorption have the advantage 
that the absorption coefficients reported are in absolute units 
and can be determined very accurately. However, many of 
the colored materials accompanying riboflavin interfere with 
the determination. Fluorescence measurements are more
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specific. Perhaps no othei; substance present in the acetone 
extract of the natural products yields a green fluorescence. 
A blue or violet fluorescence, sometimes observed, can be 
screened out by means of light filters. More important still, 
riboflavin occurs in milk in an amount convenient for fluores
cence measurement but too small for ordinary direct colori
metric determination. The range for colorimetric determina
tion is 4 to 40 mg. per liter, while the range for the fluorescence 
method is 0.1 to 4 mg. per liter.

C o n stru c tio n  o f  A pparatus

The author’s apparatus consists of a photoelectric cell, a 
microammeter, a capillary mercury lamp, two glass filters, a 
block of uranium glass, and a square glass bottle, arranged as 
shown diagrammatically in Figure 1, and mounted in a light
tight housing which definitely maintains the positions of the vari
ous parts. A liter Pyrex flask filled with distilled water serves 
as a condenser.

[A sufficiently sensitive photronic cell can be obtained from 
Pfalz and Bauer, Empire State Bldg., New York, N. Y. The 
microammeter was full-scale 15s, 150 ohms internal resistance. 
The capillary mercury lamp was G. E. vertical type H-4, 100- 
watt, nonex envelope. The glass filters were from Corning, 
N. Y., 5 cm. (2 inches) square and unpolished, Nos. 585 and 351. 
The 25-mm. uranium glass cube was also from Corning. The 
square bottle was a 30-ml. dropping bottle, A. H. Thomas No. 
2248.]

The filters were selected to give maximum intensity of fluores
cence and to absorb all stray light which might strike the photo
cell. The transmission of the first filter corresponds to the ab
sorption of riboflavin between 3000 and 5000 Á.; the second 
filter absorbs nearly all the light in the range transmitted by the 
first filter, cutting the light off sharply below 5000 Á. Thus no 
blue or violet fluorescence can interfere and the effect of scattered 
light from slightly turbid solutions is minimized.

The separate units in the instrument were selected so as to 
provide sufficient fluorescence intensity for direct reading with
out the use of an amplifier and to minimize the destruction of 
riboflavin by light during the time of measurement. In the ap
paratus described here a 10 per cent destruction of riboflavin 
occurred in one minute, but since only 2 to 3 seconds are required 
for a reading, destruction of riboflavin during the determination 
is considered negligible. If the riboflavin is completely reduced 
or destroyed by light, readings on the instrument will fall to 
zero.

A slight fluctuation in the intensity of the light source is un
avoidable. The lamp is operated by the 110-volt alternating 
current with the aid of a transformer and gives a remarkably 
steady light, much steadier than a tungsten lamp connected to 
the same line. To eliminate the error due to fluctuations in light 
intensity, readings for the unknown are compared immediately to 
the readings produced by the fluorescence of a cube of uranium 
glass used as a working standard. From the ratio of these two 
readings the riboflavin concentration is calculated. It is imprac
ticable to use riboflavin or fluorescein directly as standard solu
tions because both are destroyed by light. Riboflavin is used as 
an ultimate standard for comparison with the uranium glass and

the uranium glass is used as a working stand
ard for comparison with the unknown solu
tions.

The uranium glass can be mounted con
veniently in a square bottle identical with that 
used to hold the solutions to be tested. The 
bottle is first cut in two just below the shoulder. 
A piece of black paper containing a centered 
opening 1 cm. square should be pasted to the 
surface of the uranium glass facing the photo
cell. The base of the uranium glass is then 
imbedded in sealing wax and the bottle is 
cemented together. (The bottles are very 
easily cut after scratching all the way around, 
by touching each corner momentarily with a 
hot glass rod. The cracks are then led together 
by means of the hot rod. LePage’s water
proof cement has proved useful in cementing 
the pieces together. The seal is permanent if 
kept dry.)

C alib ration

The fluorescence intensity of pure riboflavin 
was obtained by comparing the fluorescence of four purified 
riboflavin preparations with the standard uranium glass. (L. 
C. Norris kindly gave the author a sample of synthetic ribo
flavin supplied by R. Kuhn. Three commercial preparations 
of pure riboflavin were obtained from the Vitamin Products 
Company, Emoryville, Calif., and Borden Company, Bain- 
bridge, N. Y.) These preparations were weighed in duplicate 
on a microbalance and stock solutions containing 0.1 mg. per 
ml. in 20 per cent alcohol were prepared and kept in the dark at 
10° C. Table I gives the results. Since any deterioration of 
riboflavin would weaken its fluorescence, it is likely that the 
higher results with preparation 2 are more nearly correct. 
Moreover, preparation 2 was obtained more recently than 
the other three and was the only one of the four which dis
solved without leaving a residue. A sample purchased a year 
later was found to be identical with the earlier sample. These 
stock solutions of riboflavin did not deteriorate in a year’s 
time.

The fluorometer was calibrated by determining the varia
tion of fluorescence intensity with concentration of ribo
flavin in a 66 per cent acetone filtrate from milk. For this 
calibration curve the stock solution of preparation 2 was 
added to an acetone filtrate from milk from which the ribo
flavin had been completely removed by exposure to sunlight. 
In this way the necessity of correcting for the riboflavin 
originally in the milk was avoided. Results are shown in 
Figure 2.

The absorption coefficients of riboflavin with various filter 
combinations were also measured as a further check on the 
purity of the preparations. As shown by Table I, the meas
urements of absorption coefficients agreed with the fluores
cence measurements in indicating that the other preparations

' T a b l e  I. C o m p a r is o n  o p  R i b o f l a v in  P r e p a r a t io n s

Preparation
Fluores
cence0 A bsorption Coefficient^

N o. In ten sity 5 m g ./liter 10 m g ./liter

1 1 .2 6 0 .1 0 4 0 .2 1 0
2 1 .3 6 0 .1 2 4 0 .2 4 4
3 1 .21 0 .1 0 6 0 .2 1 5
4 1 .3 0 0 .2 2 3

N o. 2 in  ace
ton e -  milk  
filtrate 1 .2 0

Fluorescein 1 .6 2

a F luorescence in ten sity  equals th e  ratio of stock  so lu tion  readings to  
uranium  glass readings w ith  filters 585 and 351. T h e sto ck  so lu tion s (20 per 
cent alcohol) d ilu ted  to  1 mg. per liter in  w ater. F luorescein  was K ahlbaum 's, 
d isso lved  in  0.0011 N  N aO H .

b A bsorption  coefficient eq u als login in  w ater solu tion , tubes 1.0 cm . in

in ternal d iam eter, 6-volfc tu ngsten  lam p, filters 585 -f* 556, photronic cell, 
m icroam m eter of 150 ohm s.
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were less pure than preparation 2. Measurement of the 
absorption coefficient provides a valuable check on the purity 
of a riboflavin standard when it is necessary to recalibrate the 
apparatus—e. g., after replacing the mercury lamp. The
molar extinction coefficient can be calculated from log -j =
0.0244 for 1 mg. per liter by multiplying by 364 X 1000 X 
2.303 and is found to be 20.5 X 103. This is in reasonable 
agreement with the value of 24 X 10s a t 445 m/i, reported by

R ib o fla v in  in m g. p er  l i f e r  o f  a c e t o n e  f i l t r a t e

F i g u r e  2. C a l i b r a t i o n  o p  F l u o r o m e t e r

For d eterm in in g riboflavin in  CO per cen t aceton e filtrate from  m ilk

Kuhn, Gyorgy, and Wagner-Jauregg (9). A value ap
proaching the maximum value for monochromatic light in
dicates that the riboflavin is pure and tha t the transmission 
of the filter and sensitivity of the photocell give a “band” 
corresponding closely to the absorption band of riboflavin 
between 400 and 500 m/i.

Since the fluorescence of riboflavin depends on the nature 
of the solvent, it is necessary to calibrate the apparatus for 
each particular solvent. For example, the fluorescence of 
riboflavin is 13 per cent weaker in the 66 per cent acetone- 
milk filtrate than it is in pure water (Table I). Intensity de
creases below pH 3 and above pH 9. The microammeter 
readings for fluorescence are nearly proportional to riboflavin 
concentration, as shown in Figure 2, in which the microam
meter readings for riboflavin in 66 per cent acetone-milk fil
trate divided by the microammeter reading for the uranium 
glass are plotted against concentration of riboflavin. The 
color of the fluorescence is almost but not exactly like that 
of uranium glass, as shown by the fact tha t the ratios are 
slightly different with different filters. There is a little more 
blue in the fluorescence of the uranium glass, but this differ
ence is not visible in a pocket spectroscope.

P rocedure
Fifty milliliters of acetone were added to 25 ml. of whole milk 

and the mixture was filtered through a coarse 15-cm. filter. The 
first part of the filtrate was poured through the filter a second 
time. The clear filtrate was placed in the special bottle for meas
uring fluorescence and the ratio of its fluorescence to that of the 
standard uranium glass was determined. The concentration of

riboflavin in the filtrate was read from the calibration curve 
shown in Figure 2.

The results were calculated in milligrams per liter of whole 
milk, corrections being made for dilution by the acetone, the con
traction on adding acetone to milk, and the volume of the fat and 
protein, as follows: When 50 ml. of acetone are added to 25 ml. 
of whole milk the total volume is 72.3 ml. The volume of the 
fat and protein which are precipitated from 25 ml. of whole milk 
by the acetone is calculated to be 1.6 ml., on the basis of 3 per cent 
by weight of casein and 3.5 per cent of fat. Therefore the ribo
flavin originally in 25 ml. of whole milk is diluted to 70.7 ml. of 
acetone filtrate. The value for riboflavin in milligrams per liter 
of acetone filtrate is obtained directly from the ratio to uranium 
glass by reference to the calibration curve (Figure 2) and this 
value is multiplied by the dilution factor 2.83 to obtain the result 
in milligrams per liter of whole milk. The corresponding factor 
for skim milk is 2.87 and for whey 2.89. These factors can be 
used when the actual determinations are made on the material 
in which the concentration of riboflavin is to be calculated. 
Owing to removal by the casein the concentration of riboflavin 
actually present in whey is less than that calculated from a de
termination of riboflavin in whole or skim milk.

Practically the entire fluorescence of these clear solutions 
can be destroyed by irradiation or reduction. Less than 10 
per cent of the fluorescence (through filter 351) is a bluish 
(or white) fluorescence or turbidity which is not destroyed by 
reduction or irradiation. Table II  shows that riboflavin 
added to milk can be recovered quantitatively by this method. 
The milk in these experiments was first exposed to sunlight 
to cause the destruction of nearly all of the original ribo
flavin. Souring of the milk slows filtration, but has no meas
urable effect on the fluorescence. Pasteurizing, or holding 
for one week in the dark or for one hour in ordinary diffuse 
room light, has no effect.

Variation of the normal riboflavin content of milk has been 
found to be from 1.20 to 3.40 mg. per liter in a series of 400 
determinations. In view of the wide variation in individual 
milk samples, due to feed, breed, and especially to differences 
among individual cows in the same breed, the assignment of 
a normal value to the riboflavin content of milk would be 
misleading. The riboflavin content of milk can be best de
scribed in the form of a distribution curve which involves a 
large number of samples. Therefore to be of use in this con
nection a method should be designed for large numbers of 
determinations rather than for extreme accuracy.

The fluorometric method in addition to being extremely 
rapid is reliable to =*=5 per cent. The mean deviation for 30 
duplicate analyses on the same milk was found to be =±=2.2 
per cent. While the accidental error is small, there is a chance 
of greater systematic error in impurities in the standard ribo
flavin, and in some change in the optical system of the appara-

T a b l e  II. R e c o v e r y  o p  A d d e d  R i b o f l a v i n

(Show ing th a t all th e riboflavin in  m ilk is  extracted  from  th e  curd b y  66 per 
cent aceton e. R iboflavin  values in  m g. per liter)

Present in  
Original M ilk  
(D eterm ined)

P resen t in  
M ilk after 

A m oun t A ddition  
A dded (C aled.)

Found b y  
A nalysis

Per C ent 
Error

0 .5 5 0 .5 5 0 .5 5
0 .5 5 0 .2 5 0 .8 0 0 .8 1 +  Í .3
0 .5 5 0 .5 0 1 .0 5 1 .0 4 - 0 . 9
0 .5 5 0 .7 5 1 .3 0 1 .3 2 +  1 .5
0 .5 5 1 .0 1 .5 5 1 .5 8 +  1 .9
0 .5 5 1 .5 2 .0 5 1 .91 - 6 . 8
0 .5 5 2 .0 2 .5 5 2 .5 1 - 1 . 6
0 .5 5 3 .1 3 3 .6 8 3 .8 1 + 3 . 4

tus such as replacement of the light or alteration in the photo
cell. I t  is much simpler to get relative values for the different 
samples than to determine absolute quantities of riboflavin in 
milk. In order to get absolute values as accurately as pos
sible, four riboflavin preparations have been examined and 
found to agree within 10 per cent (Table I). The fluorescence 
intensity of the best preparation is probably within =*=5.0
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per cent of the fluorescence intensity of pure riboflavin. In 
order to make sure that the observed seasonal variations in 
fresh milk samples were real and not due to fluctuations in the 
standards, solutions of riboflavin and fluorescein have been 
kept for a year. Readings made at intervals throughout the 
year on these solutions have shown a mean deviation of =*=5.0 
per cent from the mean values. This day-to-day fluctuation 
in the apparatus probably is the limiting factor in the accuracy 
of the fluorometric method when uranium glass is used as a 
standard over long periods of time. However, the fluctuation 
can be eliminated by comparing the uranium glass with a 
fresh stock solution of riboflavin each time a determination is 
made. In this way the error of comparative readings can be 
reduced to =*= 2.2 per cent, which is the mean deviation from 
the mean for duplicate analyses. But much of the con
venience of the method is sacrificed and the accuracy of the 
absolute values of riboflavin is still limited by the purity and 
reproducibility of the standard riboflavin preparations.

The method gives the value for the total riboflavin re
gardless of whether it is free or combined with protein. Prepa
rations of the combined form of riboflavin (yellow enzyme) 
have been made from yeast according to the directions of 
Warburg and Christian (18). Analyses of this material 
yielded the same results by precipitation with acetone as by 
refluxing 10 minutes in 75 per cent methyl alcohol with or 
without 0.2 per cent glacial acetic acid. Precipitation by 
acetone yields higher readings and less turbid solutions than 
precipitation by trichloroacetic acid. Apparently 66 per 
cent acetone at room temperature is sufficient to separate 
the riboflavin from the protein, presumably by denaturing 
and precipitating the protein. Moreover, Kuhn and Kalt- 
schmitt (10) state that riboflavin in milk occurs in the free

form. Since they succeeded in removing 90 per cent by 
water dialysis there is no convincing evidence that any 
bound flavin occurs in milk (4, 10). Because of its accuracy, 
rapidity, and specificity the fluorometric method is perhaps 
more suitable than either the biological method or the colori
metric method for determining riboflavin in milk.
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Determination of Nickel and Cobalt in 
Silicate Rocks

E. B . SA N D E L L  A N D  R . W . PE R L IC II  
U n iv ersity  o f  ¡M innesota , ¡M inneapolis, M in n .

THE method here described for the determination of nickel 
is based on the extraction of nickel dimethylglyoxime 

with chloroform from the ammoniacal citrate solution of the 
rock sample. By shaking the chloroform extract with dilute 
hydrochloric acid the dimethylglyoxime compound is decom
posed and nickel is brought into the aqueous phase, in which 
it is then determined colorimetrically by Rollet’s method (3).

This method is particularly designed for rocks of such low 
nickel content that the nickel cannot well be determined by 
the gravimetric method of Harwood and Theobald (2).

P roced u re
Weigh 0.25 gram of finely powdered basic rock (0.01 to 0.05 per 

cent nickel), or 0.5 gram or more of acidic rock, into a platinum 
dish, add a few milliliters of water, 0.5 ml. of 70 per cent perchloric 
acid, and 2.5 ml. of hydrofluoric acid (for a sample greater than 
0.25 gram these amounts should be correspondingly increased). 
Evaporate the mixture to dryness, take up the residue in 0.5 ml. 
of perchloric acid and 2 or 3 ml. of water, and again evaporate to 
dryness. To the residue add 0.5 to 1 ml. of concentrated hydro
chloric acid and 5 ml. of water. Heat to bring all soluble mate
rial into solution, add 5 ml. of 10 per cent sodium citrate solution, 
neutralize the cold solution with concentrated ammonium hy
droxide using litmus paper, and add a few drops in cxcess. If 
there is an appreciable amount of precipitate or residue in the

solution at this point, filter through a small paper, wash with 
small portions of water, and ignite the paper and its contents. 
Fuse the residue with approximately 0.1 gram of sodium carbon
ate, add an excess of dilute hydrochloric acid to the cooled melt, 
and heat to effect as complete solution as possible. Add 2 or 3 
ml. of 10 per cent sodium citrate solution, make slightly ammonia
cal, and reserve the solution.

To the main solution (filtrate from any insoluble material) add 
2 ml. of 1 per cent alcoholic dimethylglyoxime solution, and 
shake vigorously for one-half minute with two or three portions of 
reagent-quality chloroform, each having a volume of 2 or 3 ml. 
In a similar manner extract the ammoniacal solution of the so
dium carbonate melt. Combine all the chloroform extracts and 
shake vigorously with 10 ml. of 1 to 50 ammonium hydroxide 
solution. Draw off the chloroform, taking care that no drops of 
the aqueous phase accompany it, and shake the water layer with 
a milliliter or two of chloroform to recover any suspended drops 
of chloroform solution.

Shake the chloroform solution of nickel dimethylglyoxime 
vigorously for 1 minute with two portions of 0.5 N  hydrochloric 
acid, each having a volume of 5 ml. (or slightly less if the solu
tion is finally to be made up to 10 ml.). Transfer the hydro
chloric acid solutions to a volumetric flask of suitable size or a 
flat-bottomed color comparison tube (1.8 X 15 cm.), taking care 
that no appreciable amount of chloroform is carried over. For 
color comparison in a colorimeter the nickel concentration of the 
final solution should be at least 1 microgram per ml. For most 
acidic rocks the standard series method of color comparison will
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usually have to be applied because of the low nickel content. A 
suitable series of standards for a silicic rock is 0.1, 2 ........ 10 micro
grams of nickel for a 0.5-gram sample. Whether a colorimeter or 
tubes are used, the final nickel concentration should not exceed 5 
micrograms per ml. or else a precipitate of nickel dimethylgly- 
oxime may be produced.

The unknown nickel solution and the standard nickel solution 
diluted to about 10 ml. with 0.5 N hydrochloric acid are treated 
simultaneously as follows: Add 5 drops of freshly prepared satu
rated bromine water, mix, and then add concentrated ammonium 
hydroxide dropwise with shaking until the color of bromine dis
appears; finally add an excess of 3 or 4 drops. Next add 0.5 ml. 
of 1 per cent alcoholic dimethylglyoxime solution, mix, and di
lute to volume with water if a volumetric flask is used. The 
color comparison may be made immediately. The color inten
sity of the solutions increases slowly on standing; the unknown 
arid standard solution should therefore be treated with the re
agents at the same time.

If necessary apply a correction for nickel in the reagents.

T a b l e  I. D e t e r m i n a t i o n  o f  N i c k e l

N i N i
N o. Sam ple A ddition Taken® F ound Error

% % %
1 E xtracted  & solution  of

gran ite 0 .0 0 0 3 0 .0 0 0 3 0 .0 0 0 0
2 S yn th etic  b asic  rock 0 .0 0 2 0 0 .0 0 1 8 —0 .0 0 0 2
3 E xtracted  so lu tion  of

sy n th etic  basic rock 0 .0 0 2 0 0 .0 0 1 9 - 0 .0 0 0 1
4 S yn th etic  basic rock 0 .0 0 6 0 0 .0 0 0 0 0 .0 0 0 0
5 S yn th etic  b asic rock 0 .0 1 1 0 .0 1 1 0 .0 0 0
6 S yn th etic  b asic rock 0 .0 2 1 0 .0 2 0 - 0 .0 0 1
7 S yn th etic  basic rock 0 .0 4 2 0 .0 4 1 - 0 .0 0 1
8 S yn th etic  basic rock 0 .0 4 %  C o 0 .0 0 3 0 0 .0 0 2 8 - 0 .0 0 0 2
9 S yn th etic  basic rock 0 .0 3 %  Cu 0 .0 1 0 0 .0 1 0 0 .0 0 0

10 S yn th etic  b asic rock 0 .1 %  Cu,
0 .0 5 %  Co 0 .0 0 9 0 .0 1 0 + 0 .0 0 1

11 S y n th etic  basic rock 1 .0 %  M n 0 .0 1 1 0 .0 1 1 0 .0 0 0

12 S yn th etic  basic rock 0 .2 %  CrVI,

0 .0 5 %  Vv 0 .0 2 0 0 .0 2 0 0 .0 0 0

° Inclu d es nickel originally present in  sy n th etic  basic rock (0 .0010% ). 
For com position  of sy n th etic  basic rock see  U ).

t> Solution  of Bample extracted  w ith  chloroform  after addition  of d im eth y l
g lyoxim e to  rem ove nickel originally  present, and n ickel th en  added to  
extracted  so lu tion .

D iscu ss io n

The results obtained by applying the foregoing directions 
are given in Table I. One-fourth gram samples were used 
and the color comparison was made in a Duboscq colorimeter 
when the nickel content was 0.005 per cent or greater. The 
sensitivity of the method is great enough to allow the detec
tion of less than 0.0001 per cent of nickel when a 0.5-gram 
sample is taken.

Copper, cobalt, manganese, chromium, and vanadium in 
the amounts tha t are likely to be encountered in most igneous 
rocks do not interfere. I t  may be expected that much copper 
and cobalt will lead to high results. One hundred micro
grams of cobalt carried through the procedure gave a color 
corresponding to about 1.5 micrograms of nickel, and 100 
micrograms of copper gave no color. Manganese in large 
quantities may cause trouble by oxidizing nickel to the nick- 
elic condition in the ammoniacal solution during shaking, and 
the results for nickel will then be low, because nickelic di
methylglyoxime is not extracted by chloroform.

Under the conditions specified above for the final deter
mination of nickel, Beer’s law is closely followed up to a con
centration of about 6 micrograms of nickel per milliliter. 
Above this concentration a precipitate may separate.

The solubility of nickel dimethylglyoxime in chloroform at 
room temperature corresponds to approximately 50 micro
grams of nickel per milliliter.

C ob alt

The following method for the determination of cobalt in 
silicate rocks is based on the extraction of the element with a 
carbon tetrachloride solution of dithizone from the ammoni

acal citrate solution of the sample. The carbon tetrachloride 
extract, which also contains the dithizonates of copper and 
other heavy metals, is evaporated to dryness, the residue is 
ignited to destroy organic matter, and the metal oxides are 
dissolved in aqua regia. The solution is treated with stan
nous chloride to reduce copper to the cuprous condition, and 
cobalt is then determined colorimetrically by the addition of 
ammonium thiocyanate and acetone, essentially according 
to the directions of Tomula (5). Nickel accompanies cobalt 
to a greater or less extent in the dithizone separation, but be
cause of the lowr concentration it  usually does not markedly 
affect the determination of cobalt even when the ratio of 
nickel to cobalt in the final solution is 10 to 1. Alternatively, 
cobalt can be determined by the thiocyanate-amyl alcohol 
method (1) in which large amounts of nickel do not interfere. 
By using a 1-gram sample, 0.0001 per cent of cobalt can be de
tected by either method.

Tables II  and I II  contain some of the results obtained in 
applying the procedure described below.

P r o c e d u r e . Decompose 0.25 gram of basic rock, or 0.5 to 1 
gram of acidic rock, as described above, making a sodium carbon
ate fusion of any insoluble material.

To the main solution (filtrate from any insoluble material 
after the hydrofluoric acid decomposition), containing 5 ml. of 10 
per cent sodium citrate and at least 0.2 to 0.25 ml. of concen
trated ammonium hydroxide in excess (these quantities are for a 
0.25-gram sample), add 5 ml. of 0.01 per cent (weight by volume) 
dithizone in carbon tetrachloride. Shake vigorously for one-half 
minute and draw off the carbon tetrachloride extract. Add 2 or 
3 ml. of dithizone to the solution, shake as before, and continue 
in this manner until the last portion of dithizone does not become 
red after shaking for 1 minute. In like manner extract the am
moniacal citrate solution of the sodium carbonate melt with 
a milliliter or two of dithizone. Wash the combined carbon 
tetrachloride extracts with 5 ml. of water, and run the carbon 
tetrachloride layer into a small silica dish, being careful to avoid 
the transfer of any aqueous phase.

Evaporate the carbon tetrachloride, rinse the upper portion of 
the dish with a few drops of carbon tetrachloride to wash down 
any residue, and ignite at redness to destroy organic matter. 
Care must be taken to bum off all organic material, but too 
prolonged heating or too high a temperature should be avoided. 
Add 2 or 3 drops each of hydrochloric and nitric acids, distribute

T a b l e  II. D e t e r m i n a t i o n  o p  C o b a l t  b y  T h i o c y a n a t e - A c e -  
t o n e  M e t h o d

Co C o
N o. S am ple0 A ddition T a k en b Found Error

% % %
1 S yn th etic  basio rock 0 .0 0 1 2 0 .0 0 1 0 - 0 .0 0 0 2
2 S yn th etic  basic rook 0 .0 0 4 8 0 .0 0 4 8 0 .0 0 0 0
3 S yn th etic  basio rock 0 .0 1 0 0 0 .0 1 0 0 0 .0 0 0 0
4 S yn th etic  b asic rock 0 .0 2 5 0 0 .0 2 3 5 - 0 .0 0 1 5
5 S yn th etic  basic rock 0 .0 5 %  N i 0 .0 0 4 8 0 .0 0 4 5 - 0 .0 0 0 3
G E xtracted  so lu tion  of

syn th etic  basic rock 0 .0 2 %  Cu 0 .0 0 4 8 0 .0 0 4 8 0 .0 0 0 0
7 S yn th etic  acid  rock 0 .0 0 0 4 0 .0 0 0 4 0 .0 0 0 0
8 S yn th etic  acid  rock 0 .0 0 0 9 0 .0 0 0 8 - 0 .0 0 0 1
9 E xtracted  so lu tion  of

sy n th etic  acid  rock 0 .0 3 %  N i 0 .0 0 0 3 0 .0 0 0 3 0 .0 0 0 0

°  0.25 gram  of sy n th etic  b asic  rock, 1.0 gram  of sy n th etic  acid  rock. 
b Includes C o present in  sy n th etic  rock sam ples (0 .0002%  in  b asic  rock, 

0.0001%  in  acid  rock).

T a b l e  III. D e t e r m i n a t i o n  o p  C o b a l t  b y  T h i o c y a n a t e -  
A m y l  A l c o h o l  M e t h o d

Co Co
N o. S am ple0 A ddition T ak en Found Error

% % %
1 S y n th etic  acid  rock 0 .0 0 0 3 0 .0 0 0 2 - 0 .0 0 0 1
2 E xtracted  so lu tion  of

s y n th etic  acid  rock 0 .0 0 0 5 0 .0 0 0 5 0 .0 0 0 0
3
4

S yn th etic  acid  rock 
E xtracted  so lu tion  of

0 .0 3 %  N i 0 .0 0 0 1 0 .0 0 0 1 0 .0 0 0 0

syn th etic  acid  rock 0 .0 2 % N i 0 .0 0 0 5 0 .0 0 0 5 0 .0 0 0 0
5 S yn th etic  acid  rock 0 .0 3 % Cu 0 .0 0 0 4 0 .0 0 0 3 - 0 .0 0 0 1
6 S y n th etic  acid  rock 0 .0 5 % N i,

0 .0 1 % Cu 0 .0 0 0 6 0 .0 0 0 6 0 .0 0 0 0
7 G ranite 0 .0 0 0 7 5 6 0 .0 0 0 7 - 0 .0 0 0 0 5

°  1.0-gram  sam ple.
& 0 .0 0 0 2 5 %  C o present in  sam ple, 0 .0 0 0 5 %  C o added.
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the liquid over the interior of the dish with the aid of a stirring 
rod, and evaporate to dryness on the steam bath. Add to the 
cold dish 0.5 ml. of water and 3 or 4 drops of stannous chloride 
solution (20 grams of SnCl2.2H20  in 100 ml. oi 2 N  hydrochloric 
acid). Transfer the solution to a small glass-stoppered flat- 
bottomed tube ( 1 X 8  cm.) or a small vial. (A colorimeter may 
be used for the color comparison when the cobalt concentration 
is greater than 2 micrograms per milliliter of final solution.) 
Rinse the dish with 0.5 ml. of ammonium thiocyanate (50 grams 
in 100 ml. of water), then with 2 ml. of reagent-quality acetone, 
and transfer these washings to the tube. The concentration of 
acetone in the final solution must be at least 50 per cent by vol
ume. After mixing, make the color comparison against a series 
of standards containing the same amounts of stannous chloride, 
ammonium thiocyanate, and acetone as the unknown. The per
centage of cobalt in a basic rock such as a gabbro or diabase is 
likely to be less than 0.01 and the standards can be prepared ac
cordingly. In acidic rocks the percentage is likely to be less 
than 0.001. The color of the sample solution should be pure 
blue, differing little if at all in hue from the standards. A green
ish hue may be due to incomplete destruction of organic matter,

insufficient stannous chloride to reduce copper, or the presence of 
much nickel.

Alternatively the cobalt determination can be made by the 
amyl alcohol extraction method. This method should be used 
when much nickel is' present in the sample, and it is also recom
mended for acidic rocks. Transfer the cobalt solution, treated 
with stannous chloride as before, to a 1 X 8 cm. glass-stoppered 
tube, and add 1.5 ml. of ammonium thiocyanate solution (50 
grams in 100 ml. of water) and 0.50 ml. of amyl alcohol. Treat 
the standards similarly. Shake vigorously for 10 to 15 seconds 
and compare the colors of the amyl alcohol layers by viewing the 
tubes transversely against a white background.

Run a blank on the reagents and apply a correction if required.
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Control of pH in Peroxide Solutions
J . S . R E IC H E R T  A N D  H . G . H U L L  

R . & II . C h e m ic a ls  D e p a r tm e n t ,  E . I . d u  P o n t  d e  N e m o u r s  & C o ., I n c . ,  N ia g a r a  F a ll9 , N . Y .

C on trol o f  pH  is  im p o r ta n t in  processes  
in vo lv in g  th e  p ro d u ctio n  a n d  a p p lica tio n s  
o f  th e  p eroxygen  co m p o u n d s. T h e  a p p li
ca b ility  o f  co lo r im etr ic  an d  p o te n tio m e tr ic  
m e th o d s  for m ea su r in g  th e  pH  o f  peroxide  
so lu tio n s  is  d iscu ssed  a n d  d a ta  are pre
se n te d  sh o w in g  re la tio n sh ip s  b e tw een  pH  
an d  n o r m a lity  o f  h y d ro g en  peroxide so lu 
t io n s  in  co n cen tra tio n s  u p  to  200 v o lu m e . 
H yd rogen  peroxide b eh aves lik e  a w eak  ac id  
an d  in creases th e  b y d ro g en -io n  a c tiv ity  o f  
su lfu r ic  acid  in  p rop ortion  to  th e  peroxide  
co n c e n tr a tio n .

PEROXYGEN compounds vary in their behavior with 
the pH of the solutions in which they are employed. 
The methods available for measuring and controlling the pH 

of oxidizing solutions are contributing markedly to the de
velopment of the chemistry of peroxygen compounds and to 
the extension of their commercial applications. In processes 
employing sodium peroxide, hydrogen peroxide, or sodium 
perborate, pH control has become fully as important as con
trol of temperature, time, and concentration.

The pH of peroxide solutions has an important bearing on 
their stability. Peroxides are most stable in acid solutions 
and their rate of decomposition increases with the hydroxyl- 
ion concentration. Stability is furthermore influenced by 
inhibitors and catalysts whose activity depends upon the pH 
of the peroxide solution.

Rate and degree of bleaching with peroxides depend largely 
on the pH maintained in the particular bleaching processes. 
The catalytic effect of peroxides on hydrolytic reactions may 
be inhibited or accelerated by pH control. Rates of corrosion 
of structural materials are affected by changes in pH. In 
general, the desired properties of the peroxygen compounds 
can be promoted and their undesirable reactions can be 
repressed by proper pH control.

M eth o d s for pH  D e te r m in a tio n

Some of the colorimetric indicators are affected by oxi
dizing compounds. However, with a proper choice of indi
cators, colorimetric methods can be satisfactorily applied in 
many cases. Among the electrode systems, the hydrogen 
gas electrode, the quinhydrone electrode, and the m etal- 
metal ion electrode, such as the antimony electrode, are 
subject to large errors in the presence of oxidizing agents 
(6). The glass electrode, one of the more recent develop
ments in pH measurement, is well adapted to potentiometric 
pH measurements in oxidizing and reducing systems, and 
is suitable for determining the pH of peroxide solutions. 
I t  has the advantage over colorimetric methods that it 
can be employed successfully in highly colored or turbid 
solutions.

The pH values presented in this article have been cor
rected for sodium-ion concentration in accordance with in
structions supplied by the manufacturer of the pH meter. 
These corrections correspond closely with those given by 
Dole (4)- No corrections were made at pH values below 
9.3; the maximum correction of 0.4 pH unit was applied at 
the highest pH value shown—i. e., to the solution containing 
no hydrogen peroxide at a pH of 12.3.

C om p arison  o f  C o lo r im etr ic  a n d  P o te n t io m e tr ic  
M eth o d s

Figure 1 shows the agreement between colorimetric and 
glass electrode pH determinations for clear, colorless hydrogen 
peroxide solutions varying in concentration from 0 to 200 
volumes. [A commonly used term for expressing the active 
oxygen content of peroxide solutions is “volume concentra
tion”, which is defined as the number of cubic centimeters of 
oxygen gas, measured at 0° C. and 760-mm. pressure, liber
ated from 1 cc. of the solution (measured a t 20° C.) when the 
peroxide is completely decomposed.] The potentiometric 
determinations were made with a Beckman pH meter which 
provides for temperature corrections. The colorimetric 
determinations were made a t a temperature of 20° to 30° C.; 
in this range variations in pH with changes in temperature
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and most sensitive section of the 
curve. The two sets of values 
coincided closely, indicating that no 
appreciable change in the location 
of the curves resulted from the use of 
redistilled peroxide.

The curves obtained illustrate the 
weakly acid property of hydrogen 
peroxide as reported by Bredig and 
Calvert (1, 2). In the alkaline range 
the pH decreases with increase in 
peroxide concentration at a fixed 
sodium hydroxide concentration. 
Assuming that hydrogen peroxide 
in aqueous solution undergoes pri
mary dissociation according to the 
equation

H,Oo - H+ +  OOH-

it should react with caustic soda ac
cording to the equation

I-I20 2 +  NaOH — > NaOOH +  H.O

are negligible. The following La Motte colorimetric indica
tors were employed:

Ind icator

m-Cresol purple  
La M otte  yellow  
B rom ophenol blue  
Brom ocresol green  
C hlorophenol red 
Brom ocresol purple 
B rom othym ol blue 
Phenol red 
Creaol red 
T h ym ol blue  
La M otte  o leo red 
La M otte  purple 
La M otte  su lfo orange

p H  R ange

1.2-2.8
2 .6 - 4 .2
3 .0 - 4 .6
3 .8 - 5 .4
5 .2 - 6 .8
5 .2 - 6 .8
6 .0 - 7 .6
6 .8 - 8 .4
7 .2 - 8 .8
8 .0 - 9 .6
8 . 6- 1 0 .2  
9 .6 - 1 1 .2

1 1 . 0 - 1 2 .6

In general, the values obtained by the two methods are in 
fair agreement, though in some cases the variation is as much 
as 0.8 pH unit. The closest agreement was obtained in the 
acid range with m-cresol purple, La Motte yellow, bromo
phenol blue, and bromocresol green. With these indicators 
the maximum difference between observed colorimetric and 
potentiometric pH values was less than 0.2 pH unit a t per
oxide concentrations up to and including 100 volume. In 
concentrations up to one volume the pH values obtained with 
La Motte sulfo orange also coincided within 0.2 pH unit with 
the potentiometric values. With the remaining indicators, 
the colorimetric pH values coincided in most cases within 
0.4 pH unit with the potentiometric values. With some 
indicators differences in color tone made color matching be
tween the standards and the unknown difficult.

* R e la tio n  b e tw een  pH  an d  N o rm a lity

The pH curves shown in Figure 2 are derived from the 
data presented in Tables I  and II. Each value in these 
tables is based on a separately prepared solution. The 
requisite amounts of hydrogen peroxide solution and stand
ard sodium hydroxide or sulfuric acid solution were diluted 
in volumetric flasks, from which the samples were then re
moved for pH measurement. In this way errors due to 
dilution of the peroxide and of the acid or alkali were avoided.

A number of pH measurements were made on 100-volume 
solutions containing the usual small amount of inorganic salts 
and on 100-volume solutions freed from these salts by redistil
lation. Comparisons were made a t and near the vertical

In Figure 2 the neutralization of the hydrogen ions re
sulting from the primary dissociation of hydrogen peroxide is 
theoretically complete in 0.25-volume hydrogen peroxide 
with 0.0223 N  sodium hydroxide. A slight break, similar to 
the breaks encountered in the titration of a weak acid with a 
strong base, might be expected at this point in the curve; 
however, no such break is apparent. With the higher con
centrations of hydrogen peroxide (1.0, 25, 100, and 200-

T a b l e  I. R e l a t i o n  b e t w e e n  i>H a n d  N o r m a l i t y

H îOj pH
V olum e H jS04 Glass

C oncentration N orm ality E lectrode
0 .0 0 .0001 4 .1 2
0 .0 0 .0 0 0 4 3 .4 9  ‘
0 .0 0 .0 0 1 6 2 .9 0
0 .0 0 .0 0 6 4 2 .2 8
0 .0 0 .0 1 2 8 2 .0 2
0 .0 0 .0 5 1 2 1 .5 5
0 .2 5 0 .0001 4 .0 7
0 .2 5 0 .0 0 0 4 3 .4 0
0 .2 5 0 .0 0 1 6 2 .8 2
0 .2 5 0 .0 0 6 4 2 .2 4
0 .2 5 0 .0 2 5 6 1 .7 8
0 .2 5 0 .0 5 1 2 1 .5 5

1 .0 0 .0 0 0 1 4 .1 0
1 .0 0 .0 0 0 4 3 .4 6
1 .0 0 .0 0 1 6 2 .8 8
1 .0 0 .0 0 6 4 2 .2 8
1 .0 0 .0 2 5 6 1 .8 0
1 .0 0 .0 5 1 2 1 .5 5

25 0 .0 0 0 1 4 .0 8
25 0 .0 0 0 4 3 .4 0
25 0 .0 0 1 6 2 .7 5
25 0 .0 0 6 4 2 .1 2
25 0 .0 2 5 6 1 .6 0
25 0 .0 5 1 2 1 .3 5

100 0 .0 0 0 4 3 .0 5
100 0 .0 0 6 4 1 .5 5
100 0 .0 2 5 6 1 .0 0
100 0 .0 5 1 2 0 .8 0
200 0 .0 0 0 4 2 .8 0
200 0 .0 0 1 6 1 .6 3
200 0 .0 0 6 4 0 .8 5
200 0 .0 2 5 6 0 .2 0
200 0 .0 5 1 2 0 .0 0

volume) the highest concentration of sodium hydroxide used 
(0.05 N)  is too low to neutralize completely the first hydrogen 
ion; consequently, no breaks are to be expected in the curves 
for these concentrations of hydrogen peroxide within the 
normalities presented. In an exploratory trial with 25- 
volume hydrogen peroxide the concentration of sodium hy
droxide was increased to extend the curve in Figure 2 beyond
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thejpoint of neutralization (89 grains of sodium hydroxide 
per liter). A slight break was apparent in the curve a t the 
point of equivalence. However, potentiometric pH meas
urements a t these high sodium-ion concentrations are subject 
to considerable error and the slight break observed a t this 
point in the curve may not be significant.

In the acid range of the curves the pH of the solution is 
abnormally lowered as the peroxide concentration is in-

T a b l e  II. R e l a t io n  b e t w e e n  pH a n d  N o r m a l it y

creased. With complete dissociation and an 
activity coefficient of 1, the calculated pH is 
1.3 at an acid concentration of 0.05 N.  A 
200-volume hydrogen peroxide solution showed 
a measured pH of 0.0 at a sulfuric acid con
centration of 0.05 N.  A dissociation constant 
of 2.4 X 10~12 for hydrogen peroxide at 
25° C., as determined by Joyner (5), is not 
sufficient to account for this lowering in the 
observed pH value.

The dielectric constants for hydrogen per
oxide solutions are considerably greater than 
the dielectric constant for water (3). Hence, 
the ionizing power of peroxide solutions should 
be greater than that of water, and this might 
be expected to result in an increased hydro- 
gen-ion activity. Cuthbertson and Maass (3) 
did not find this to be the case in their studies 
of the conductivity of potassium chloride and 
acetic acid in aqueous hydrogen peroxide 
solutions. The authors’ present data, how
ever, show an increased hydrogen-ion activity 
for sulfuric acid dissolved in aqueous solu
tions of hydrogen peroxide.

At a constant concentration of sulfuric acid 
the observed pH values decrease as the 
peroxide concentration increases. This di-

313

H 2O1 pH
V olum e N aO H Glass

C oncentration N orm ality E lectrod e
0 .0 0 .0 0 0 1 9 .7 0
0 .0 0 .0 0 0 4 10 .4 4
0 .0 0 .0 0 1 6 1 1 .0 7
0 .0 0 .0 0 6 4 11 .5 9
0 .0 0 .0 1 2 8 11 .91
0 .0 0 .0 2 5 6 12 .1 6
0 .0 0 .0 5 1 2 12 .2 9
0 .2 5 0 .0 0 0 1 8 .7 0
0 .2 5 0 .0 0 0 4 9 .5 0
0 .2 5 0 .0 0 1 6 1 0 .3 5
0 .2 5 0 .0 0 6 4 10 .9 4
0 .2 5 0 .0 1 2 8 11 .3 5
0 .2 5 0 .0 2 1 0 11 .64
0 .2 5 0 .0 2 4 0 1 1 .7 3
0 .2 5 0 .0 2 5 6 1 1 .8 2
0 .2 5 0 .0 5 1 2 1 2 .0 2

1 .0 0 .0 0 0 1 8 .4 7
1 .0 0 .0 0 0 4 9 .0 8
1 .0 0 .0 0 1 6 9 .6 9
1 .0 0 .0 0 6 4 1 0 .3 2
1 .0 0 .0 1 2 8 10 .6 2
1 .0 0 .0 2 5 6 1 1 .0 8
1 .0 0 .0 5 1 2 11 .4 0

25 0 .0 0 0 1 6 .5 5
25 0 .0 0 0 4 7 .0 8
25 0 .0 0 1 6 7 .7 0
25 0 .0 0 6 4 8 .4 5
25 0 .0 1 2 8 8 .9 3
25 0 .0 2 5 6 9 .1 5
25 0 .0 5 1 2 9 .3 7

100 0 .0 0 0 1 5 .1 3
100 0 .0 0 0 4 5 .4 3
100 0 .0 0 1 6 6 .1 0
100 0 .0 0 6 4 6 .5 5
100 0 .0 1 2 8 6 .9 3
100 0 .0 2 5 6 7 .1 4
100 0 .0 5 1 2 7 .5 2
200 0 .0 0 0 4 4 .9 0
200 0 .0 0 1 6 5 .0 7
200 0 .0 0 6 4 5 .4 0
200 0 .0 1 2 8 5 .7 5
200 0 .0 2 5 6 5 .9 8
200 0 .0 5 1 2 6 .1 0
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rect relationship is illustrated by the straight line shown 
in Figure 3, which represents the variation of pH with 
increasing peroxide concentration at a constant sulfuric 
acid concentration of 0.05 N.  A similar curve illustrating 
the conditions at 0.025 N  sulfuric acid produces a straight 
line with the same slope as that in Figure 3. This relation
ship, as derived from Figure 3, is represented by the equation

pHn,oi =  pHii,o — K  (concentration of H20 5)

where pHn2o2 is the pH of a sulfuric acid solution in aqueous 
hydrogen peroxide, pH Hj0 is the measured pH of an aqueous 
solution of the same sulfuric acid concentration, and K  is a 
constant. If the strength of the peroxide solution is expressed 
as volume concentration, the value of 0.008 is found to 
apply for K  a t acid concentrations of 0.015 to 0.05 N. The 
value for K  decreases slightly with decreasing acid concen
trations; it is 0.0072 at 0.0064 N  sulfuric acid and 0.0064 at 
0.0016 N  acid.

S u m m a r y

Determination and control of pH are important factors in 
processes employing peroxygen compounds, such as sodium 
peroxide, hydrogen peroxide, and sodium perborate.
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The relationships between pH values, normalities, and per
oxide concentrations, as presented in this article, are useful in 
the preparation of peroxide solutions with the desired pH 
values.

The glass electrode provides a simple method for rapidly 
and accurately determining the pH of peroxide solutions. 
This method is applicable to colored or turbid solutions, but 
in solutions of high pH and high sodium-ion concentration, 
corrections are necessary.

Colorimetric methods are applicable for determining the pH 
of peroxide solutions under many conditions, particularly in 
clear and colorless solutions.

In hydrogen peroxide solutions containing sulfuric acid

the hydrogen-ion activity increases with the peroxide con
centration.
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Estimation of Nitrogen by the Kjeldahl Method
Nature o f the Action o f Selenium

A . SR E E N IV A SA N  A N D  Y . SA D A SIV A N , In d ia n  I n s t i t u t e  o f  S c ie n c e , B a n g a lo r e , In d ia

FOLLOWING Lauro’s (6) observation that selenium in 
small quantities reduces the time of digestion in the usual 
Kjeldahl method, numerous workers (1, 3, 9,10) have studied 

the problem. Thus, considerable advance has been made in 
our knowledge of the optimum conditions of digestion when 
selenium is added. Beet and Furzey (2) reported that addi
tion of small amounts of mercuric oxide (0.5 gram) along with
0.05 gram of selenium reduces the period of digestion to ap
proximately 15 minutes as against 45 minutes required for 
complete digestion when only selenium is added to the usual 
acid and salt mixture.

Attempts were made to find out the exact mechanism and 
nature of the action of selenium, when added alone and with 
mercuric oxide. Snider and Coleman (11) thought that the 
function of selenium might be due to the elevation of the 
boiling point of the salt-acid mixture, but their experiments 
showed that it was not so. Recently, Illarionov and Ssolovjeva 
(5), in trying to explain the loss of nitrogen when selenium is 
used in the usual Kjeldahl method, suggested the occurrence 
of an oxidation-reduction system of the type

Selenium +  oxygen <■-  ” selenious acid

but they adduced no experimental evidence in support of their 
view. Therefore, the changes in the added selenium were 
studied in order to find out the mechanism of the reaction.

E xp erim en ta l
Selenium was used in the authors’ experiments as either 

elementary selenium or its acids. I t  was found convenient to 
use the copper salts, since selenic acid is reduced under ordi
nary conditions to selenious acid.

The copper salt of selenic acid was prepared as described by 
Huff and McCrosky (4) and recrystallized from 95 per cent 
alcohol, until free from selenious acid. The presence of 
selenious and selenic acids was tested by Muller’s method (8), 
which was very satisfactory for detecting the presence of 
either acid in a mixture of the two.

In the following experiments, selenious acid was completely 
reduced to elementary selenium by adding sulfuric acid and 
sodium sulfite until the filtrate gave no further red precipitate; 
the filtrate was then tested for selenic acid.

Magnus (7) found that when elementary selenium is added 
to concentrated sulfuric acid in the cold, it dissolves into a 
greenish solution from which elementary selenium is precipi
tated as a red amorphous powder on dilution with water.

On the other hand, if selenium is added to hot concentrated 
sulfuric acid, it is oxidized to selenious acid:

Se +  2HsSO< — »- 2S02 +  H2Se03 +  H20

With a view to ascertaining the nature of the products 
formed when selenium is used under the conditions which 
obtain in the Kjeldahl method, 0.05 gram of selenium was 
heated in a Kjeldahl flask over a Bunsen burner with 0.2 gram 
of copper sulfate-potassium sulfate mixture and 20 cc. of con
centrated sulfuric acid. At the end of 15 minutes, the reac
tion mixture was cooled and tested for selenium and selenious 
and selenic acids. Positive results were obtained for only 
selenious acid, while both selenium and selenic acid were 
absent. Similar results were obtained when the copper salt 
(0.08 gram) of selenious acid was used instead of elementary 
selenium. When, however, copper selenate (0.09 gram) was 
used in amount equivalent to the selenium used in the authors’ 
experiments, the reaction mixture contained both selenic and 
selenious acids at the end of 15 minutes’ heating. Obviously, 
the selenious acid was formed from the decomposition of 
selenic acid. Thus, under the above conditions, selenious 
acid is more stable than either selenium or selenic acid.

When the foregoing experiments were repeated with about
0.5 gram of mercuric oxide, a remarkable change was ob
served. Thus, in all three experiments, tests for selenium and 
selenious acid were negative and only selenic acid was found 
to be present, whatever form of selenium was added. These 
observations show clearly that in the absence of reducing 
agents, but in the presence of mercuric oxide, hot concen
trated sulfuric acid converts selenium into the highest oxide, 
while without mercuric oxide selenium added in any form is 
converted into selenious acid.

O r g a n ic  M a t t e r . The experiments wrere repeated with 
organic matter. In a typical instance, rice flour was em
ployed after it had been partially digested with concentrated 
sulfuric acid till frothing just ceased. At this stage, portions 
of the digest were treated with (a) selenium, (b) copper sele
nite, and (c) copper selenate, respectively, in quantities equiva
lent to 0.05 gram of selenium, and in each case the digestion 
was continued for a further period of 10 to 15 minutes. In 
all the experiments the red amorphous form of selenium was 
deposited on the cooler sides of the flask, evidently through 
the reduction of selenious and selenic acids by the organic 
matter.
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The digestion was stopped at this stage and cooled, after 
which water was added to the flasks. In (a) elementary 
selenium was precipitated and selenic and selenious acids were 
absent from the filtrate. In (&) both selenium and selenious 
acids were present but no selenic acid; while in (c) only 
selenious acid and traces of selenium were present. No 
selenic acid could be detected in this case.

Tests carried out on the digests obtained with the different 
forms of selenium and after completion of oxidation indicated 
in every case presence of selenious acid only. Where copper 
selenate was used, there were small traces of selenic acid as 
well.

When the experiments using partially digested organic 
matter were repeated with 0.5 gram of mercuric oxide, the 
results were remarkably different, for attempts to detect the 
presence of either selenium or selenious acid were unsuccessful 
in every case. Selenic acid was the only form in which sele
nium was present.

The above observations would suggest that the reaction

Selenium >- selenious acid — >  selenic acid

is involved and that the addition of mercuric oxide carries 
the reaction forward even in the presence of reducing organic 
matter, resulting in the formation of selenic acid, while in the 
absence of mercuric oxide the reaction generally proceeds in 
the direction:

Selenium — >■ selenious acid -<—  selenic acid

showing that under such conditions selenious acid is the most 
stable product.

I t  is therefore clear that in the oxidation of organic matter, 
the catalytic action of selenium in the presence of mercuric 
oxide is due to the reaction

Selenium — >- selenious acid • ■ ■ -  selenic acid

The velocity of the forward reaction is so great that a t no time 
could selenious acid be successfully detected in the reaction 
mixture. In the absence of mercuric oxide, another reversible 
reaction of the type

Selenium T = s selenious acid

is brought about, enabling selenium to act as a carrier of 
oxygen to the reducing organic matter. But, since both sele
nium and selenious acid could often be detected in the mixture, 
this would imply that there is no pronounced difference be
tween the velocities of the forward and reverse reactions; 
hence the efficiency of oxidation is much less here than when 
mercuric oxide is also present.

Thus it would appear that selenium acts as a catalyst in 
the oxidation of organic matter by virtue of setting up a rapid 
and reversible reaction system in the absence of mercuric oxide 
of the type Se ^  Se02 and another of the type Se02 ^  Se03 
when mercuric oxide is present, so that oxygen is rendered 
active for rapid oxidation of the organic matter.

S u m m a ry

The reactions between hot concentrated sulfuric acid and 
different forms of selenium, both with and without reducing 
organic matter, have been studied as well as the nature of the 
changes taking place when mercuric oxide is added.

When selenium or selenious acid reacts with hot concen
trated sulfuric acid, only selenious acid is present in a stable 
condition. Selenic acid is slowly decomposed into selenious 
acid.

When the above reactions are carried out in the presence of 
mercuric oxide, selenium in any form is converted into selenic 
acid, and continues to be present as such.

In presence of reducing organic matter, and in the absence 
of mercuric oxide, addition of selenium to hot concentrated 
sulfuric acid results in the formation of small quantities of 
selenious acid. Selenious acid under such conditions is par
tially reduced to elementary selenium, while selenic acid is 
completely reduced to selenious acid and, to a small extent, 
to elementary selenium.

With the addition of mercuric oxide, however, all forms of 
selenium tend to exist only as selenic acid even in the presence 
of reducing organic matter.

When the oxidation of organic matter is complete, added 
selenium is present solely as selenious acid in the absence of 
mercuric oxide, but as selenic acid in its presence.

I t  is concluded that the catalytic action of selenium in the 
presence of mercuric oxide is due to a reversible reaction:

Selenium — >- selenious acid -— - selenic acid

whereby the selenious acid acts as an efficient carrier of oxygen 
to the reducing organic matter. As long as there is unoxi
dized organic matter, the forward reaction is more rapid than 
the reverse reaction. When oxidation is complete, the reac
tion proceeds to completion in the forward direction. In the 
absence of mercuric oxide, another oxidation-reduction proc
ess

Selenium — - selenious acid

enables the oxidation of organic matter. There would appear 
to be no pronounced difference between the velocities of the 
two reverse reactions; hence the efficiency of oxidation is 
much less here than with mercuric oxide.
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Antimony Electrode for Industrial 
Hydrogen-Ion Measurements
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THE continuous determination of the pH of industrial 
solutions over a limited range has been possible for some 
time, but no single electrode system has been available 

over the entire range for all types of solutions. When an 
automatic record is desired, an electrometric method offers 
certain advantages. A quinhydrone electrode has been 
described by Coons (5) for use with continuous recording po
tentiometers; however, this electrode is not applicable to 
solutions more alkaline than 9 pH. The work in the author’s 
laboratory indicates tha t the glass electrode can be used to 
advantage in certain fields of continuous pH measurements, 
although it has limitations particularly in the presence of 
sodium, lithium, and potassium salts in the alkaline range and 
at temperatures in excess of 35° C., and a more reliable elec
trode is desirable in the alkaline range.

The use of metal-metal oxide electrode systems has ap
peared inviting to many investigators and many successful 
applications of this type of electrode are now found in the 
industries. The work reported in this paper was started over 
nine years ago.

R eq u irem en ts  o f  an  In d u str ia l pH  E lectrod e

I t is desirable to differentiate between the nature of a high- 
precision pH measurement where a limit of error of ±0.01 pH 
is desired and the requirements for the average industrial 
pH control where a limit of error of between 0.1 and 0.2 pH 
is probably adequate.

The more essential requirements of a desirable pH elec
trode for continuous industrial measurements are:

1. The electrode system should preferably be applicable over 
the entire range from 0 to 14 pH, yet a limited range is adequate 
in the majority of the applications.

2. The potential of the electrode should rapidly attain a re
producible e. m. f. value for a given pH of the solution at the 
electrode interface.

3. The potential of the electrode should, at the best, be only 
slightly affected by polarization, salt effects, oxidizing agents, 
reducing agents, dissolved gases, or movement of the solution 
at the electrode interface.

4. The electrode system should be of rugged construction.

The problem of measuring the pH of all kinds of industrial 
solutions by one type of electrode system is roughly analo
gous to the measurement of a wide variety of temperatures 
with one form of thermometer. I t  is expecting a great deal 
from one electrode system. There are a great many factors 
entering a true pH measurement, but the industrial control is 
generally more dependent on a reproducible record of pH 
than on academic correctness.

V ariable F actors o f  a M eta l-M eta l O xide E lectrod e

The theory of metal-metal oxide electrodes has been 
briefly discussed by Clark (4), Britton (2), Getman and Dan
iels (6), and Kolthoff and Furman (7).

No extensive theoretical discussion seems necessary; how
ever, the e. m. f.-pH relationships for metal-metal oxide sys
tems have been expressed by Roberts and Fenwick (9) as 
follows:

„  RT  (Sb (OH)s)(H+)’
E  “  E° ~  3F ln Ö W (2)

Britton’s (2, p. 80) viewpoint seems to lead to a better under
standing:

TtT TtT N T
E = E0 -  log K w +  log K, +  log (H +) (3)

where K , refers to the solubility product of the sparingly solu
ble metal compound. Hence, the activity of the water must 
remain constant and the solution must remain saturated with 
oxide if the following holds true:

RTE  = constant H— jt- log (H+) (4)

Sb +  3H,0 = Sb(OH)3 +  3H + +  3e~ 

for which the e. m. f. expression will be
(1)

I t  is well recognized that the use of a metal-metal oxide 
electrode depends upon the presence of metal ions in solution 
from some well-defined source other than the metal itself. 
A desirable source is a sparingly soluble hydroxide.

The significance of the factors affecting the potential of a 
metal-metal oxide electrode has not always been fully appre
ciated. Equation 3 indicates that the potential of a metal- 
metal oxide electrode is a function of the temperature, 
the hydrogen-ion concentration, the solubility product of the 
sparingly soluble hydroxide, the activity of the water, and the 
electromotive activity of the metal. Some of these factors 
are influenced by gas and ion adsorption, the type of oxide, 
foreign oxidation or reduction systems, and the nature or con
centration of the salts in solution. Therefore, a considerable 
number of variables must be carefully controlled before re
producible results can be expected with a metal-metal oxide 
electrode. The choice of a fundamentally sound metal-metal 
oxide system does much in the control of these factors.

C h oice  o f  th e  M eta l—M eta l O xide

Because of certain conflicting statements in the literature, 
it seems desirable to review some of the important aspects of 
this problem. A readily oxidized metal is desired. If the 
metal is attacked by acid or alkali with the subsequent for
mation of hydrogen, a combination of a gas electrode and 
the metal-metal oxide electrode is the resultant. Hence, 
those metals less electronegative than hydrogen are the most 
applicable for wide-range operation. However, not all of the 
metals less electronegative than hydrogen are inviting; it is 
not the metal which is the fundamental factor, but rather 
the oxide or a proper sparingly soluble compound of the metal.

If the oxide is to be the source of the metal ion, the funda
mental equation assumes tha t the solubility of the oxide is so 
small that it does not affect the hydrogen-ion concentrations 
over the working range of e. m. f. measurements. In other 
words, the metal oxide must be very sparingly soluble in both 
acids and alkalies.

The following oxides are those worthy of preliminary con
sideration: antimony, trioxide, arsenic trioxide, bismuth 
trioxide, columbium pentoxide, tantalum pentoxide, tungsten 
trioxide, chromium trioxide, molybdenum trioxide, and tel
lurium trioxide. Unfortunately, few exact solubility figures 
for these oxides are available, but by a study of other factors, 
the metal-metal oxide systems may be narrowed to a con
sideration of a very small number of elements.
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Many metals which have been used for electrode measure
ments tend to form a surface coating and the nature of many of 
these coatings has been uncertain. This fact has been ignored 
in many published accounts. This type of reaction has been 
erroneously attributed to gas-metal potentials by some in
vestigators. If the action of water upon the oxide produces 
a hydroxide which is appreciably soluble, the resultant po
tential at the metal interface will be influenced by the hy
droxide.

In order to obtain a qualitative idea of the influence of dis
solved oxides upon metal-metal oxide potential measure
ments, purified oxides were shaken several times with dis
tilled water. The first three lots of water were decanted and 
the measurements were made upon the fourth extraction. 
The glass-saturated-calomel electrode system was used to de
termine the pH of the original water and of the oxide sus
pensions. The final measurements were made while the oxide 
was held in suspension by rapid stirring. Table I gives the 
results of the tests for 0.1 gram of the oxide suspended in 100 
ml. of water and in contact with air.

The data of Table I indicate that the use of many oxides as 
a source of hydroxide in metal-metal-ion electrode measure
ments will involve serious errors, particularly in unbuffered 
solutions. This is a limitation to be considered in the use of 
the metal-metal oxide type of electrode.

T a b l e  I. C h a n g e  i n  p H  o f  D i s t i l l e d  W a t e r  b y  A d d i t i o n  
o f  O x i d e s

(G lass-sa ti\ra ted -ca lom el electrode m easurem ents. S o lu tio n  in  con tact w ith  
air and stirred. T em perature 23° to  25 °  C .)

Oxide A dded p H  C hange D irection  of C hange

Sb20 3 0 .0 0 N eutral
SbsOs 0 .4 7 A cidic
BijOa 0 .1 0 B asic
CuO 0 .6 9 B asic
AgiO 3 .4 0 Basic
HgO 0 .3 5 Basic
WO« 1 .1 4 A cidic
CnO j 0 .1 0 A cid ic
Cb20* 0 .0 0 N eutral
TajOs 0 .0 0 N eu tral
T e 0 3 1 .0 8 A cidic

Apparently the number of metals and metal hydroxides 
which are available for the construction of a stable metal- 
metal oxide electrode adaptable to the range of 0 to 14 pH 
is limited. Mercury, columbium, and chromium may offer 
possibilities, if the metal surface can be maintained in equilib
rium with the proper insoluble compound. Its moderately 
low melting point, amphoteric characteristics, and ease of 
electrolytic purification give antimony an advantage over the 
other metals.

Although there may be a question as to the existence of 
the various antimonious acids, there is another chemical 
equilibrium which may occur in the solution, which results in 
the formation of a sparingly soluble antimony compound. 
We may have a reaction of the following general type:

4Sb +  302 +  x IIjO ^  2Sb20 3 x II20  (5)

Milbauer and Slemr (8) found that at room temperature 
metallic antimony was oxidized when submerged in water, 
but if tartrates or citrates were present the oxidation was 
greatly increased. Ruff and Albert (10) found that anti
mony was attacked by solutions of alkalies and their salts. 
Clark (8) showed that neutral hydrogen peroxide was with
out action on antimony, but in the presence of alkali an 
antimonate was formed.

Evidently in aqueous solutions in contact with air there 
may be an ample source of an insoluble antimony compound 
from the interaction as indicated by Equation 5. This 
confirms the observations of other investigators that the 
addition of oxide to aqueous solutions is not required for an 
industrial electrode of moderate accuracy.

A n tim o n y  M eta l

I t  seems desirable to present a brief summary of the de
velopment of a practical form of antimony electrode. One 
important phase of this work involved the purity of the metal. 
The data of Table II were obtained upon electrodes cast in 
the form which was finally adopted.

T a b l e  I I . E f f e c t  o f  M e t a l  P u r i t y  u p o n  A n t i m o n y  
E l e c t r o d e  P o t e n t i a l

M ake of A n tim on y

B.
P.
L. N . electro ly tic

F e
%

0 .0 1 5
0 .0 1 0

000

— Im p u rities-  
A s Sn
% %

Trace  
0 .0 5 0  

000
0 .0 0 7

000

Pb
%

0.010

ÓÓ0

A n tim on y-S a tu ra ted -  
C alom el E lectrod e  

at 25° C.
3 .8  pH  1 0 .7  pH  
buffer buffer

E . m. / .  (volt)

0 .2 0 9 6  0 .5 8 4 6
0 .2 1 5 8  0 .5 9 3 8
0 .2 1 0 1  0 .5 9 8 2

Work upon the relative merits of the castings with the B. 
antimony as compared to the L. & N. electrolytically pre
pared metal on continuous recording tests showed that in a 
2.58 pH buffer, as well as in a 7 pH buffer solution, the metal 
with small amounts of impurities tended to be less stable in 
the acid range than the pure electrolytic metal. The pres
ence of small amounts of copper in the metal causes distinct 
errors.

The possibility of plating antimony upon platinum or gold 
wires was studied at great length. Some investigators in this 
field considered that the method of Shukov and Awsejewitch 
(11) gave permanence, reproducibility, and exact linearity 
over the whole pH range. Their method consisted in elec
troplating antimony on amalgamated platinum wires from a 
25 per cent antimony trichloride solution in acetone.

Anhydrous antimony trichloride was dissolved in a large 
number of ionizing solvents. The solvents for antimony 
trichloride which were studied as electrolytes for the metal 
deposition were water, acetonitrile, nitrobenzene, methyl al
cohol, acetone, lactic acid, amyl alcohol, ethyl acetate, and 
furfural. The best deposits resulted from solutions in ace
tonitrile, but very good results were obtained in the methyl 
alcohol and the acetone solutions.

Antimony salts are so easily hydrolyzed in aqueous solu
tions that care must be exercised to prevent contamination 
of the deposit with basic salts. All attempts in which aqueous 
solutions were used to build up a heavy antimony deposit re
sulted in nonadherent or very black deposits of antimony.

The electrodes of antimony electroplated upon platinum 
checked very well among themselves, yet their potential was 
somewhat lower than the ordinary cast-antimony electrode. 
The electroplated electrode was found to hold its potential 
for only 5 to 8 hours in a 10.8 pH buffer which was in contact 
with air and which was in continuous circulation. However, 
owing to the solubility of the antimony, the life of such an 
electrode is short. A serious drift begins after about 10 
hours of continuous operation when a portion of the base metal 
becomes exposed sufficiently to set up auxiliary reactions of 
the air-electrode type.

Because of the comparatively high solubility of antimony in 
solutions containing dissolved oxygen or air, the electro
plated type of electrode is not inviting for continuous meas
urements, although it may be used for a limited number of 
indicating measurements.

I t  was evident that a form of electrode must be employed 
which had an appreciable thickness of metal to withstand the 
gradual solvent action caused by continued use. A supply of 
pure metal was also required. Accordingly, the preparation 
of electrolytic metal was undertaken.

Antimony trioxide which had been purified by solution in hy
drochloric acid and reprecipitation with sodium carbonate was
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dissolved in hydrofluoric acid. A 12 per cent solution of antimony 
fluoride was used. Electrolytic antimony was deposited from this 
solution at a platinum electrode. A platinum anode of 20-sq. cm. 
surface was immersed within an extraction thimble compartment 
containing an excess of antimony oxide. A platinum cathode of 
1-sq. cm. surface was used. A current of 5 amperes produced ex
cellent crystals of antimony which settled on the bottom of the 
container. This metal was washed, dried, and melted and was 
then ready for final casting and assembly.

M eth o d s o f  M o u n tin g  A n tim o n y

A metal electrode involves not only a metal surface in con
tact with the solution, but also some means of making elec
trical contact between the metal surface and the potenti
ometer.

A great many types of electrodes were made and certain 
objections were found to most of these. Figure 1 shows a 
few of the types which were studied.

F i g u r e  1 . T y p e s  o p  A n t i m o n y  E l e c t r o d e s

No. 1 is a plain antimony metal stick, into which a metal con
nection had been threaded. This type of electrode behaved 
erratically on continued use, as a uniform metal surface could 
not be maintained. No. 2 consists of antimony fused within a 
glass tube. The active lower end is ground flat and polished. 
Connection to the external circuit is made through a layer of 
mercury resting on the top surface of the antimony. This 
electrode was found to give erroneous results on continuous 
operation due to occlusion of impurities at the glass-antimony 
metal seal. Nos. 3, 4, and 5 illustrate the general design of an 
electrode formed by molding rubber around an antimony casting 
connected to an external lead wire. The exposed bottom metal 
surface is ground and polished to a uniform smooth surface. No. 
4 shows a section of the mounting, while No. 3 and No. 5 show 
types of finished commercial antimony electrodes. A rugged 
type of electrode has been produced.

B asis for C h oice o f  E lectrod e F orm

The molded form of antimony electrode appears to be 
superior to other types because of three primary considera
tions.

1. The active electrode surface is completely immersed in the 
solution. This prevents secondary reactions where the metal

enters the solution, as may be the case where a plain stick of 
antimony is used. The author believes that continuous measure
ments using an unprotected stick of antimony give erroneous 
results.

2. The active portion of the metal surface is flat and the ex
posed metal surface has no rough edges or crevices, which may 
collect sediment from the liquid. Secondary potential effects 
are thereby prevented. The antimony metal is slowly etched 
and from time to time it is necessary to resurface the exposed 
metal in order to reduce absorption errors. I t  is essential that 
the wire lead and the upper portion of the metal be protected 
from the action of the solution.

3. An electrode assembly is obtained which can withstand 
rough usage in the industrial field.

Information as to the most desirable size of metal surface,. 
the influence of annealing, and the relative effect of a polished 
and sandblasted surface wras also obtained. The area of the 
exposed metal surface which is required is governed by the 
conductance of the solutions in which the measurements are 
to be made. The larger the exposed surface, the lower is the 
sensitivity of the galvanometer required in the potential 
measurement. The author adopted an exposed surface 
13 mm. in diameter for average conditions. His tests on the 
value of annealing at 573° C. indicated tha t there was little 
advantage in this treatm ent for commercial electrodes.

Beilby (1) has shown that the flowed layer of a metal on a 
polished surface is vitreous rather than crystalline. When the 
solutions are in contact with air the polished antimony sur
face becomes etched within a short time. Hence, for con
tinuous e. m. f. measurements there is apparently little dif
ference between starting with a polished or rough surface, if 
an adequate time is provided for the surface equilibrium and 
oxide formation to be established. However, the scratched 
sections of an antimony surface are the first to be etched and 
the deep crevices may hold sparingly soluble salts and intro
duce false potentials. Accordingly, it is wise to utilize an 
initially polished surface and thereby provide an even crystal 
etching. The polished surface must be etched by solution 
immersion, preferably in a 7 to 9 pH buffer for an hour or two 
prior to use.

Over five hundred different industrial recording pH in
stallations nowr utilize the molded antimony electrode.
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Characteristics of the Antimony Electrode
G . A . P E R L E Y , L e ed s  & N o r th r u p  C o m p a n y , P h i la d e lp h ia ,  P c n n a .

A STUDY of the methods of making a desirable form of 
industrial antimony electrode has been presented in the 

previous paper (1). The work discussed in the present paper 
was carried out with a molded hard-rubber flat-surface type 
of antimony electrode, using a saturated-calomel reference 
electrode in all the tests.

E ssen tia l F actors
The e. m. f.-pH relationships of the antimony electrode are 

influenced by several factors, a knowledge of which makes it 
possible to employ this electrode to distinct advantage in 
the continuous recording of the pH of industrial solutions. 
The stability and the limit of error of the e. m. f. measure
ment depend upon (1) the nature of the electrode surface, (2) 
the concentration of dissolved air or oxygen, (3) the agitation 
prevailing a t the electrode surface, (4) the nature and con
centration of the dissolved salts, and (5) the temperature 
of the system.

By proper standardization of these variables, it is possible 
to obtain continuous pH measurements well within the 
limit of error demanded by the average industrial applica
tion. With proper maintenance a reproducibility of =>=0.15 
pH may be obtained.

N a tu re  o f  E lectrod e S u rface
Whenever an antimony electrode is immersed in an aqueous 

solution that is saturated with air at approximately 25° C., 
a slow etching action occurs whereby the crystalline nature of 
the antimony becomes clearly evident after approximately 
2 hours of immersion. The e. m. f. of the electrode system 
gradually drifts until the electrode surface has become 
thoroughly etched. At least sufficient amounts of a repro
ducible and sparingly soluble antimony compound must be 
formed to set up an equilibrium involving the antimony ion.

When an electrode with a polished antimony surface is 
immersed in an aqueous solution free from dissolved oxygen 
or air, there is very little change in the nature of the surface. 
This is in great contrast to the case where dissolved oxygen or 
air is present. The higher the dissolved oxygen content the 
more rapid is the etching reaction.

Long-continued use of an antimony electrode in aqueous 
solutions that are in contact with air results in a surface that 
is deeply etched. The etching becomes deepest a t points of 
abrasion. Initially smooth surfaces are desirable. A too 
deeply etched antimony surface tends to occlude impurities 
and it is then necessary to repolish.

In order to avoid uneven corrosion or excessive secondary 
reactions, it is desirable to wipe off the antimony electrode 
surface after 24 hours of continuous service. I t  is essential 
to pretreat the polished antimony surface prior to use, in 
order to secure the proper type of sparingly soluble antimony 
compound.

An extensive series of automatically cleaned electrode tests 
has been carried out in order to establish the influence of 
maintaining a surface which was always free from secondary 
reaction products. An automatically operated surface 
cleaner is helpful in certain cases where crystalline salts tend 
to separate out of the solution or where secondary reactions 
occur, but is not essential for many commercial applications.

C o n cen tra tio n  o f  D isso lved  A ir or O xygen
The e. m. f.-pH relationship of the antimony-saturated- 

calomel electrode system depends upon the oxygen concen

tration in the solution. The potential of the pretreated sys
tem when buffers w'ere saturated at 25° C. with various gases, 
and when the solution was constantly stirred, was found to be 
as follows:

S aturating Gas

N itrogen
Air
O xygen

3 .9 5  pH  
Volt

0 .2 6 1
0 .2 2 4
0.201

6 .9 1  pH  
Volt

0 .4 1 6
0 .3 9 8
0 .3 7 5

1 1 .0 4  pH  
Volt

0 .6 5 5
0 .6 2 2
0 .5 9 4

The stability of the electrode in 3.95 pH buffer in the pres
ence of nitrogen gas is not good. There is always a tendency 
to drift to lower voltage values on continued operation.

The author’s studies indicate the following millivolt change 
per pH change a t 25° C. for the antimony-saturated-calomel 
electrode system:

Saturatin g Gas

N itrogen
Air
O xygen

4 .0  to  7 .0  pH  
Volt

0 .0 5 2
0 .0 5 9
0 .0 5 9

7 .0  to  1 1 .0  pH  
Volt

0 .0 5 8
0 .0 5 1
0 .0 5 0

The Nernst equation at 25° C. indicates that there should 
be a change of 0.0591 volt per pH change.

The tendency towards instability in the acid range when 
the dissolved oxygen concentration is lowT and the failure of 
the electrode to follow the Nernst equation in the alkaline 
range when dissolved oxygen is present are characteristics of 
the antimony electrode. The relative ease of oxidation of the 
antimony in the alkaline range produces secondary products 
a t the metal interface with the result that the equilibrium con
ditions are disturbed. In the acid range, in the absence of 
any dissolved oxygen, the amount of antimony oxide main
tained at the metal interface is inadequate to establish equilib
rium conditions.

A g ita tio n  a t E lectrod e S u rface

The e. m. f.-pH relationships of the antimony-saturated- 
calomel electrode system depend upon the condition of the 
solution a t the metal-solution interface. When the solution 
is agitated, the e. m. f. of the air-saturated system is different 
from that when there is no motion at the electrode interface. 
However, a small agitation at the electrode surface has nearly 
the same disturbing influence as a vigorous agitation.

The extent of the influence of agitation depends upon the 
pH, the temperature, and the nature of the solution, and the 
concentration of dissolved oxygen.

When a buffered solution is saturated with air a t tempera
tures below 15° C., there are only small differences between 
the readings in agitated and nonagitated solutions over the 
range of 4 to 11 pH. The influence of agitation is more criti
cal in the case of a solution with a very low salt content. 
Certain salts, such as citrates or tartrates, favor a greatly in
creased solubility of antimony metal by oxygen, as well as an 
increased solubility of the oxide, and these present exceptions 
to the general case. As the temperature is raised above 
15° C., the higher the temperature the greater is the differ
ence betw’een the agitated and nonagitated readings, but with 
moderately well-buffered solutions below' 9.0 pH the error is 
less than 0.1 pH even a t 45° C. In any instance, the non
agitated solution approaches the true equilibrium potential 
in accordance with the Nernst equation for the particular pH 
and temperature condition.
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Stable e. m. f. readings for the anthnony-saturated-calomel 
electrode system were obtained while the buffer solution was 
agitated in contact with air with a mechanical stirrer. The 
stirring was stopped and after 5 minutes another set of read
ings was taken. The following gives a qualitative idea of the 
differences noted:

35° C . 
25° C . 
1 0 ' C .

3 .9 5  p H
5-m v. rise
2-m v. drop
3-m v. drop

6 .9 1  p H

5-m v. rise 
N o  change  
2-m v. drop

1 1 .0 4  pH
15-m v. rise 
12-m v. rise 

2-m v. drop

However, when buffer solutions are saturated with pure 
oxygen rather than air, very stable readings are obtained over 
the temperature ranges of 10° to 35° C. and for ranges of 4 to 
11 pH. When using oxygen, the difference between agitated 
and nonagitated readings is not greater than 0.1 pH over the 
whole range. This fact is particularly interesting since the 
slope of the e. m. f.-pH curve with alkaline solutions saturated 
with oxygen does not follow the Nernst equation. The 
author’s data show that a very reproducible pH electrode re
sults when using a properly designed antimony electrode in 
solutions saturated with oxygen. This system may be ap
plied to a wide range of pH and the results are not greatly 
affected by the agitation of the solution, a t least over the 
temperature range of 10° to 40° C.

Considerable differences were noted between the readings 
for agitated and nonagitated buffer solutions which were 
saturated with nitrogen in the range of 3 to 7 pH. The dif
ferences were smaller in the 7 to 11 pH range. Acid solu
tions with a deficiency of dissolved oxygen cause an unfavor
able operation of an antimony electrode after a few hours of 
immersion.

The author feels that any condition favoring the reduction 
of dissolved oxygen in acid solutions, such as temperatures 
above 40° C., saturation with nitrogen, or the presence of 
certain salts, tends to give the most pronounced differences 
between the e. m. f. measurements of the antimony-saturated- 
calomel electrode system in agitated and nonagitated solu
tions. Since antimony metal is soluble in aqueous solutions 
in the presence of dissolved oxygen, there is a tendency to re
duce the oxygen concentration of the solution close to the 
antimony surface. The oxygen depletion is less in acid solu
tions than in alkaline solutions. Secondary reactions in the 
alkaline range involving antimonates will change the normal 
equilibrium conditions. The use of a nitrogen atmosphere 
in the alkaline range limits this oxidation. When using a 
nitrogen atmosphere, it  is necessary to employ an electrode 
surface which has been etched by the interaction of dissolved 
oxygen and thereby has an excess of sparingly soluble anti
mony compound at the metal-solution interface. An excess 
of antimony trioxide is desirable in alkaline solutions which 
are saturated with nitrogen. A continuous movement of 
solutions past the metal surface produces an unsaturated sur
face condition unless more oxygen is available to oxidize more 
of the antimony metal.

When a high concentration of oxygen is available, as at 
low solution temperatures or in the presence of an oxygen 
atmosphere, there is sufficient oxidation a t the metal surface 
to ensure saturation, and sufficient excess of dissolved oxygen 
present at all times to continue the equilibrium conditions 
even for rapid flows of fresh solution past the electrode sur
face, as is the case when the solution is agitated. Equilibrium 
conditions are not obtained when dealing with alkaline solu
tions saturated with air, since the partial pressure of oxygen 
is too low to supply all the oxygen required for the various re
actions which occur with a continuously changing solution 
a t the metal surface. However, this results only in a change 
in slope of the e. m. f-pH curve. This also indicates why those 
solutions which are saturated with oxygen gas show small 
differences between the agitated and nonagitated condi

tions, while the alkaline solutions saturated with air are re
sponsive to agitation.

N a tu re  and  C on cen tra tio n  o f  D isso lved  S a ils

The basic equation for a metal-metal ion electrode involves 
a consideration of the activity of the water and the solubility 
of the oxide. As expected, the antimony electrode exhibits 
definite salt effects.

An efm . f.-pH relationship may be obtained by the use of 
certain well-known buffer solutions which will apply to a large 
number of industrial solutions. Such buffers as potassium 
hydrogen phthalate, mixtures of this with hydrochloric 
acid or sodium hydroxide (Clark and Lubs), sodium acetate 
and hydrochloric acid mixtures (Walpole), primary potas
sium phosphate and sodium hydroxide mixtures, disodium 
phosphate and primaiy potassium phosphate mixtures (S0ren- 
sen), boric acid and sodium hydroxide mixtures (Clark and 
Lubs), and disodium phosphate and sodium hydroxide mix
tures (Ringer) have been used to obtain an e. m. f.-pH rela
tionship over the range of 3 to 12 pH and for temperatures 
from 10° to 70° C., and consistent results have been obtained 
over the above pH range. These solutions have a specific 
resistance a t 25° C. varying from 100 to 300 ohms. This 
feature will be discussed in connection with temperature co
efficients.

When the calibration curve obtained with the above solu
tions is used with buffer solutions containing tartrates, cit
rates, oxalates, or phenyl acetic acid (the Prideaux and 
Ward buffer), there may be a wide divergence over the 3 to 
12 pH range a t 25° C. Since this error does not involve the 
R T /F  pH term, or slope portion of the fundamental equa
tion, it is possible to make a constant correction. The in
fluence of temperature upon these solutions is markedly dif
ferent from that on the previously mentioned buffer solutions. 
Reproducible results are obtained in solutions containing 
these disturbing salts, yet a special calibration curve must be 
used. The use of many so-called universal buffers involves 
the above error.

When dealing with water solutions in which the salt con
centration is low, such as the average city water in the eastern 
United States, the calibration curve obtained by the first 
mentioned group of buffers has been found to give erroneous 
results. I t  is necessary to use a different type of e. m. f.-pH 
relationship for solutions of low salt content, yet for these 
specific conditions reproducible results may be obtained. 
The specific resistance of this type of solution varies from 
3000 to 20,000 ohms at 25° C.

An e. m. f.-pH curve based upon buffers free from citrates, 
tartrates, etc., has been used in many industrial types of re
cording pH installations since 1932. As the constituents of a 
given type of application remain fairly constant, it is possible 
to make an initial correction for any specific application, by 
making a supplementary indicating pH measurement with a 
hydrogen gas electrode or its equivalent. The deviation is 
thus originally obtained and the recording equipment may 
be set to correct for the specific salt effect. Reproducible 
results within =*=0.1 pH over the whole pH range will result 
just as long as the general nature of the solution does not 
change.

We should not expect that the antimony electrode would 
respond only to pH changes in the presence of oxidation- 
reduction potentials and such is the case. However, fairly 
reproducible results have been obtained in the presence of 
mild oxidizing agents as well as mild reducing agents. Dilute 
solutions of hydrogen peroxide, potassium permanganate, 
and sodium chromate cause disturbing secondary reactions. 
In these cases, a low pH value results when using an antimony 
electrode. However, the electrode behaves in a normal
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F i g u r e  1. E .  M. F.-pH f o r  A n t i m o n y - S a t u r a t e d - C a l o m e l  
E l e c t r o d e  S y s t e m

S olutions sa turated  w ith  air a t 25 °  C. and in  m otion

manner in solutions with a residual chlorine content of as 
much as 0.5 part per million. I t  was found that the anti
mony electrode recovered from the abnormal effects of oxi
dizing agents after these had been removed. Good results 
have been obtained in dilute solutions of sodium sulfite and 
sodium sulfide.

The continuous use of the antimony electrode in solutions 
more alkaline than 10 pH with a sodium content in excess of 
1 molar results in a slow but gradual deposition of white 
crystals (probably sparingly soluble sodium antimonates) 
on the antimony surface. The error is not great, but unless 
these crystals are occasionally removed, an abnormally high 
pH reading will result.

Even traces of copper in solution involve a limitation of 
the antimony electrode. The presence of copper in solutions 
coming in contact with an antimony electrode establishes 
secondary reactions which result in abnormal potentials, 
which would be interpreted as low pH values for a given solu
tion. The presence of 0.5 part of copper per million in a 
6.92 pH buffer causes an immediate error of 0.2 pH. When 
one part of copper per million is present, the coating of copper 
on the antimony surface may be clearly seen within a half 
hour after immersion. Apparently there are two types of 
error: an oxidation-reduction error which occurs immediately, 
and a secondary copper-copper-ion potential which increases 
with increased immersion of the electrode. A given con
centration of copper produces a greater error the more acid

the solution. Accurate results can be obtained on continuous 
recording installations only when the copper content of the 
solution is below 0.1 part per million. Fortunately, the solu
bility of copper in solutions more alkaline than 7 pH is so 
low that we encounter little trouble in this range of applica
tion; however, in the acid range the presence of mere traces 
of copper may be serious.

Solutions of metals less electropositive than antimony will 
behave like copper solutions. In other words, when we get 
immersion deposition of some other metal on the antimony 
surface, we are no longer involved with an antimony elec
trode.

A systematic study of the many possible salt errors of the 
antimony electrode has been undertaken, but this forms 
material for a separate paper.

In flu en ce  o f  T em p era tu re

The temperature coefficient of the antimony electrode has 
been determined when the electrode is used in the series of air- 
saturated buffers mentioned in the preceding section. The 
coefficient of the antimony-saturated-calomel electrode sys
tem varies with the pH value of the buffer and is of the order 
of 0.00115 volt per 1° C. a t 3 pH, 0.00210 volt per 1° C. at 
7 pH, and 0.00344 volt per 1 ° C. a t 12 pH. The temperature 
coefficient for unbuffered solutions is different from that 
of buffered solutions.

As the problem of temperature coefficients is somewhat 
involved, yet of great importance to the interpretation of the 
e. m. f. values of the antimony electrode, this subject will be 
presented in a separate paper.

In d u str ia l A p p lica tio n s

The use of air-saturated solutions for the continuous re
cording of pH is more practical than the use of oxygen-satu
rated solutions. The author’s early results indicated that it 
was possible to diagnose the average industrial conditions and 
to apply the proper calibration curve.

When dealing with an industrial solution, a calibration 
curve may be based upon that obtained with the buffers 
mentioned in the section on the nature and concentration of 
dissolved salts. For the antimony-saturated-calomel elec
trode system, used in agitated buffer solutions saturated with 
air a t 25° C., this follows the general relationship:

From  3 to  7 pH  E  =  —0 .0 0 8  4* 0 .0 5 9  pH
From  7 to  11 pH  E  =■ + 0 .0 5 0  +  0 .0 5 1  pH

When involved with low salt concentrations as in many 
water-treatment applications a t 25° C., a different relation
ship results:

From  3 to  6 pH  E  — —0 .0 2 4  -f* 0 .0 5 6  p H
From  6 to  8 pH  A  nonlinear relationship
From  8 to  11 p H  E  =  - 0 . 0 7 1  +  0 .0 6 0  pH

Figure 1 shows the e. in. f.-pH  relationships a t 25° C. for 
air-saturated solutions.

Most industrial solutions are in contact with air, and 
generally information is available as to their nature and salt 
content; hence, it is relatively easy to apply the correct 
scale law for any given application. I t  is possible to supply a 
recording potentiometer with a manually adjustable rheo
stat in order to fix the scale to an exact value a t the most im
portant point on the pH range. In the absence of the chief 
disturbing features, such as oxidation-reduction potentials 
or copper, a pH measurement reproducible to =*=0.15 pH may 
be obtained, provided reasonable consideration is exercised 
in the choice, installation, and care of the electrode system. 
Oxidation-reduction potentials or copper poisoning are pres
ent in a distinct minority of industrial applications.
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The antimony electrode has given satisfactory industrial 
performance in widely different types of commercial applica
tions, such as in sugar-mill liquors, paper-mill solutions, water- 
treatment systems, aqueous starch suspensions, various sili
cate solutions, clay suspensions, sulfite solutions, phosphate 
solutions, ammonium hydroxide solutions, lime treatment, 
soda ash neutralization, alum solutions, beer, etc.

The antimony electrode is rugged. Since the antimony- 
saturated-calomel electrode system represents a relatively low 
electrical resistance type of pH measuring equipment, the 
problems of electrical pickup and leakage are practically ab
sent. An antimony electrode with a properly prepared sur

face responds immediately to any changing pH condition of a 
solution. Particularly in applications where there is high 
humidity, high temperature, or high alkalinity, the antimony 
electrode seems to have advantages for continuous recording 
pH measurements.

Best results with the antimony electrode require a good 
understanding of the fundamentals and specific character
istics of this electrode system, which is believed to have a defi
nite place in the industrial field.

L itera tu re  C ited
(1) Perley, G. A., I n d . E n g . C h e m ., Anal. E d . ,  11, 316 (1939).

Determination of Ascorbic Acid
Electrometric Titration Method

M A R Y  M A N N  K IR K  a n d  D O N A L D  K . T R E S S L E R  

N ew  Y ork  S ta te  A g r icu ltu ra l E x p e r im e n t S ta t io n , G en ev a , N . Y .

UNTIL recently no chemical method for the determination 
of vitamin C has proved adequate in the presence of 

colored pigments. A new method using 2,6-dichlorophenol- 
indophenol in electrometric titrations is presented herewith.

In making vitamin C determinations on fruits and vege
tables the titration method of Tillmans (10), as modified by 
Bessey and King (2) and Mack and Tressler (7), has been used 
extensively. These authors titrate the ascorbic acid with 2,6- 
dichlorophenolindophenol. The complete oxidation of the 
ascorbic acid is indicated by a change in the color of the 
solution titrated from colorless to a faint pink in the acid 
solution. This color change is obscured in juices with a 
natural red or pink pigment. The animal assay method can 
be employed in such cases, but it is expensive, must be con
tinued through a long time interval, is not sensitive to 
small differences in concentration, and is not applicable to 
many problems where titration methods can be used satis
factorily.

Since the present investigation was completed, two publica
tions (1, 4) have appeared describing the use of the photo
electric colorimeter which also can be used in determinations 
on colored extracts. The chief difficulty in most of the meth
ods of determination lies in the fact that the oxidizing agents 
are nonselective and will oxidize compounds other than as
corbic acid. The 2,6-dichlorophenolindophenol dye seems 
to have a high specificity for reduction by vitamin C. Very 
few other compounds react rapidly with the dye in acid solu
tion. Since this dye is considered a satisfactory indicator for 
the estimation of vitamin C in colorless extracts, a method 
employing it in pigmented solutions where the end point is 
masked was considered advantageous. The color change at 
the end point in the titration with the dye is accompanied by 
a decrease in oxidation-reduction potential; hence a varia
tion in e. m. f. should be easily measured by means of suit
able equipment. This is possible with an electrometric ti- 
trimeter such as the one used in the present investigation (S).

M eth o d s U sed

The electrometric titrimeter can be used in two ways. If 
the qualitative unit is used alone, the end point of the re
action is indicated by a distinct blink of the electric eye. A 
titration curve can be plotted using the quantitative unit.

Both methods were employed in the titrations with 2,6-di- 
chlorophenolindophenol and with iodine.

When the indophenol dye was used to oxidize the ascorbic 
acid, no definite blink of the electric eye of the titrimeter was 
noticed; the change in the oxidation-reduction potential 
during the reaction was so slow tha t it caused no pronounced 
movement of the eye with either the platinum-platinum elec
trode or the platinum-tungsten electrode.

Titrations were repeated using the quantitative unit. 
Readings were taken a t regular intervals during the process 
of oxidation of the ascorbic acid in the dye titration, and the 
curve was plotted. The addition of dye causing the first large 
change of potential was taken as the end point of the reac
tion. This point was easily found by plotting the differences 
between consecutive readings.

The Stevens iodine method (9) was also tried on the 
titrimeter. The visual color change coincided exactly with a 
distinct closure of the eye, giving a definite end point. No 
titration curve could be obtained, since a back-titration was 
used. However, the curve was unnecessary, since a distinct 
end point could be found more quickly with the blink of the 
eye using only the qualitative unit. Frequent standardiza
tion of the iodine and thiosulfate was unnecessary, but the dye

T a b l e  I. A s c o r b i c  A c i d  C o n t e n t  o f  V e g e t a b l e s

E lectrom etric
T itration

Iodine
T itration

V egetable
V isual

T itration
M g./g . M g . /g .

D ifference
from

visual
titration

% M g ./g .

D ifference
from

visu al
titra tion

%
Y ellow  T om ato

Y ellow  Plum 0 .2 2 9 0 .2 4 5 + 7 . 0 0 .2 8 8 + 2 5 .8
G olden  Queen 0 .2 7 4 0 .2 6 9 - 1 . 8 0 .3 2 0 +  1 6 .8
R ip ley
Y ellow  M arigold

0 .1 8 1 0 .1 8 5 + 2 . 2 0 .2 6 3 + 4 5 .3
0 .2 8 7 0 .2 8 5 - 0 . 7 0 .3 5 3 + 2 3 .0

G olden B ali 0 .2 1 3 0 .2 1 3 0 .0 0 .2 0 3 - 4 . 7
G olden D w arf

C ham pion 0 .2 0 6 0 .1 9 4 —5 .8 0 .2 5 3 + 2 2 .8
P eas (frozen) 0 .1 3 0 0 .1 3 0 0 .0
K ale, G erm an D w arf

(leaf)
S pinach, N ew  Zealand

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

L ettu ce
Iceberg 0 .1 0 2 0 .0 9 6 - 5 . 9
M ignon ette 0 .1 0 9 0 .1 0 5 - 3 . 7

Lem on ju ice 0 .3 5 2 0 .3 4 9 - 0 . 9
Orange ju ice 0 .3 4 8 0 .3 6 5 + 4 . 9
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used was standardized daily by the thiosulfate method as 
described by Buck and Ritchie (3).

As seen in Table I, the iodine method gave higher results 
for the vegetables tested than did the visual dye titration. 
This was in agreement with the results obtained by Stevens, 
but the method could be used for following the relative 
retention of vitamin C in different methods of processing 
any given fruit.

R eco m m en d ed  M eth o d

From this study, the method found most satisfactory for 
the determination of ascorbic acid in deeply pigmented ex
tracts was the use of the electrometric titrimeter with 2,6-

ML. I N D O P H E N O L  DYE U S E D

F i g u r e  1. D e t e r m i n a t io n  o f  A s c o r b ic  A c id

dichlorophenolindophenol to determine points on a titration 
curve. A platinum-tungsten electrode stirrer was found to be 
more sensitive than a platinum-platinum electrode in the 
determination of the potential.

Extracts were made of peas, kale, lettuce, and spinach by plac
ing weighed samples in mortars containing 30 cc. of the extract
ing solutions, and grinding with acid-washed sand. They were 
centrifuged for at least 5 minutes and the supernatant liquid was 
poured off into 100-cc. volumetric flasks. Washing of the ma
terial was repeated with 30-, 20-, and 20-cc. portions of the 
fresh extracting solution. The extract was made up to volume 
with distilled water. Tomatoes were run through a Sep-ro-siv 
equipped with a 20-mesh screen instead of grinding with sand. 
This removed skin and seeds. Although only 75 cc. of the ex
tractant were used with 25 cc. of the pulpy tomato juice, four 
extractions were made. Sulfuric acid (N , 5 per cent) was used 
in the case of tomatoes, lettuce, and spinach, while 8 per cent 
trichloroacetic acid was used for peas and kale. As suggested by 
several workers (6, 7, 8), 2 per cent metaphosphoric acid was 
used in all acid extractants to prevent catalytic oxidation of as
corbic acid. Varying concentrations of ascorbic acid dissolved in 
8 per cent acetic acid were tested as checks, using both the 
visual titration and electrometric titration methods.

For titration with the titrimeter, a 10- or 20-cc. aliquot of the 
extract was transferred into a 50-cc. beaker and about 25 cc. of 
8 per cent acetic acid were added to increase the volume. Dye 
was added in 0.1-cc. aliquots until the end point was approached, 
after which 0.05-cc. portions were added. Readings were taken

T a b l e  II. D e t e r m i n a t io n  o f  P u r e  A s c o r b ic  A c id

V isual titration , m g ./1 0 0  cc. 1 .5 4  2 .3 8  3 .1 4  4 .1 9
E lectrom etric titration , m g ./1 0 0  cc. 1 .5 7  2 .5 2  3 .3 2  4 .2 9

D ifference, % + 1 .9 5  + 5 .8 8  + 2 .5 5  + 2 .3 9

on the titrimeter about 15 seconds after each addition; if taken 
immediately or much after 15 seconds, reliable results were not 
obtained. The titration curve was plotted and the first large 
change of potential found. Figure 1 is a typical curve. The rate 
of change of readings on the titrimeter dial appears at the top 
of the graph. The results of the visual dye titration and electro- 
metric titration methods agree to within experimental error for 
both vegetables (Table I) and pure ascorbic acid (Table II). 
Dilution of the dye results in more accurate determinations.

Since the method was proposed for colored extracts, some work 
was also carried out with strawberry juice. The color made 
visual titration difficult, but results obtained with very dilute 
solutions agreed with titrimeter results. The titrimeter gave 
0.489 mg. of ascorbic acid per cc. of juice, while visual titration 
gave 0.495 mg. of ascorbic acid per cc.

In order to test the specificity of the titrimeter method for vi
tamin C, some of the strawberry juice was filtered through Norite. 
This oxidized the ascorbic acid to dehydroascorbic acid which 
does not reduce the dye. Known quantities of ascorbic acid were 
added to 10 cc. of this oxidized juice plus 10 cc. of 10 per cent 
metaphosphoric acid. Titration showed that the presence of 
oxidizing or reducing agents found in the juice did not interfere 
with the end points. Results are given 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 s c o r b i c  A c id  A d d e d  t o  
O x i d i z e d  S t r a w b e r r y  J u i c e  
•A scorbic A c id -

A dded
Found  

b y  titr im eter D ifference
Mg. M g. %

0 .1 2 5 0 .1 2 1 —3 .2
0 .2 5 0 0 .2 5 2 + 0 . 8
0 .5 0 0 0 .4 9 4 - 1 . 2

S u m m a ry  a n d  C o n clu sion s

Because of the obvious difficulty in obtaining a rapid check 
on the use of the electrometric titrimeter to determine as
corbic acid in colored extracts, substances were studied with 
which it was possible to use the usual indophenol method. If 
a titration curve is drawn using the titrimeter, the values 
derived therefrom agree consistently with those of the 
ordinary visual titration. The indicating eye alone cannot be 
used, since the change in e. m. f. in the reaction is not rapid 
enough to cause a noticeable blink. Reducing substances, 
other than ascorbic acid, which are usually found in fruit 
juices, did not interfere with the end point.

L itera tu re  C ited
(1 )  Bessey, O. A., J . Biol. Chem., 126, 7 71  (193S).
(2) Bessoy, O. A., and King, C. G., Ibid., 103, 687 (1933).
(3) Buck, R. E ., and Ritchie, W. S., I nd. E nd. Chem ., Anal. Ed.,

10, 26 (1938).
(4) Evelyn, K. A., Malloy, H. T ., and Rosen, C., J . Biol. Chem.,

126, 045 (1938).
(5) Fischer Scientific Co. Laboratory, 9, 40 (1938).
(6) Fujita , A., and Iwatake, D., Biochem. '¿ ., 277, 293 (1935).
(7) Mack, G. L., and Tressler, D. K ., J. Biol. Chem., 118, 735

(1937).
(8) Musulin, R. R., and King, C. G., Ibid., 116, 409 (1936).
(9) Stevens, J . W ., I nd. E no. C hem ., Anal Ed., 10, 269 (193S).

(10) Tillmans, J., Hirsch, P., and Jackisch, J., Z . Unlersuch. Lebensm.,
64, 276 (1932).

A p p r o v e d  by th e  D irector of the N ew  York S ta te  A gricultural Experim ent 
S ta tion  for p ub lication  as Journal Paper N o . 303. T ak en  from  th e report 
to  be sub m itted  b y  M ary M ann Kirk to  th e G raduate School of Cornell 
U n iversity  in  partial fu lfillm ent of requirem ents for th e degree of doctor  
of philosophy.



Determination of Tetraethyllead in Gasoline
V-

GEORGE CALINGAERT A N D  C. M. GAMBRILL, Ethyl Gasoline Corp., Detroit, Mich.

T e lr a e th y lle a d  in  g a so lin e  is d e term in ed  
q u a n tita t iv e ly  by reflu x in g  th e  g a so lin e  
w ith  co n cen tra ted  h yd ro ch lo r ic  a c id , ex
tr a c tin g  th e  lead  ch lor id e  w ith  w a ter , an d  
d e te r m in in g  th e  lead  fo u n d  b y  a n y  o f  th e  
sta n d a rd  m e th o d s .

AN EARLIER publication from this laboratory (1) 
jfV . described a method for the determination of tetra
ethyllead in gasoline, based on bromination of the gasoline 
and separation of the lead as bromide. This method has 
been in wide use since its publication, and appears to give 
satisfactory results in a majority of cases. I t  presents, how
ever, certain difficulties when applied to highly cracked gaso
lines, on which results are apt to be low even if the operator 
is particularly skilled and careful, and it cannot be applied at 
all to such fuels as alcohol blends. These drawbacks, coupled 
with the recent demand for greater accuracy, have led to the 
development of an improved method which is described be
low. The principle of this method, treatment of the gasoline 
with concentrated hydrochloric acid, was first suggested by 
Ferreri (2) and has recently been proposed again by the 
Imperial Oil Company of Canada, in Sarnia, Ontario (3). 
The method described here is a modification of these earlier 
suggestions, aimed a t an increase in rapidity and ease of 
handling without sacrifice of accuracy.

A p p aratu s
The apparatus (Figure 1) is made of heat-resistant glass and 

consists of a 500-ml. boiling flask; a Hopkins reflux condenser, 
the vapor outlet of which is vented by a rubber tube to an out
side vent or to a hood; a thistle tube of approximately 70-ml. 
volume with bead to indicate approximately 50 ml. of volume; 
a heating tube with a chimney for increasing convection in thfe 
liquid; a heating coil, 250 watts, made of 2.7 meters (9 feet) 
of No. 30 B. and S. Nichrome wire; and a rheostat of 25 ohms’ 
resistance with a current carrying capacity of at least 2.0 amperes, 
for regulating the heater. (This apparatus is available through 
several makers of glassware and laboratory supply houses.)

M eth od
The reaction consists in converting the tetraethyllead to 

lead chloride by refluxing the sample of gasoline with concen

trated hydrochloric acid, and extracting the lead chloride 
with water, for determination by any standard method of 
analysis for lead.

P rocedure
Obtain the temperature of the sample of gasoline to be tested. 

If it is desired to follow the practice of the oil industry to refer 
measurements to the standard temperature of 60° F. (15.5° C.), 
the true tetraethyllead content of the gasoline at 15.5° C. is ob
tained by adding (subtracting) 0.1 per cent of the milliliters of 
tetraethyllead present for each degree Centigrade the tempera
ture observed at the time of sampling the gasoline is above 
(below) 15.5° C.

Pipet into the flask, from a pipet calibrated for gasoline de
livery, a 50-ml. sample of the gasoline to be tested, and add 50 
ml. of heavy distillate [a straight-run petroleum distillate, of 
low acid heat and approximated 10 per cent distilled at 204° C. 
(400° F.) and 90 per cent at 238° C. (460° F.) (straight-run 
kerosene)] measuring it approximately by means of the bead on 
the thistle tube. Except in the case of benzene blends or gaso
lines of unusually low end point, equally satisfactory results may 
be obtained by omitting the heavy distillate and using 100 ml. 
of the sample. With highly volatile gasolines (75 per cent below 
100° C.), omission of the distillate may lead to results which are 
low by 0.05 to 0.10 ml. of tetraethyllead per gallon of gasoline.

Add 50 ml. of concentrated hydrochloric acid (density 1.19) 
through the thistle tube, and then reflux the acid and gasoline. 
Use the full heat of the heater until boiling has begun (usually 0.5 
to 1 minute), then by regulating the rheostat reduce the heat so 
that at no time a steady stream of condensate flows from the 
condenser. Reflux the gasoline and acid for 30 minutes, then 
turn off the heat. Hydrochloric acid fumes escape through the 
condenser, which must, therefore, be appropriately vented.

After a few minutes’ wait to permit the acid and gasoline to 
cool, drain the acid into a 400-ml. beaker. Now add 50 ml. of 
distilled water through the thistle tube and reflux the water 
and gasoline for 5 minutes, using the full heat of the heater. 
Drain the water into the beaker containing the acid, and repeat 
the water extraction.

Evaporate the acid and water solution to dryness. To the 
dry lead chloride add 30 ml. of nitric acid and heat to oxidize 
any organic material which may be present. If one treatment 
with nitric acid is not sufficient to oxidize the organic material 
completely, repeat the oxidation until a white salt is obtained. 
Dissolve the dry lead salt in 10 ml. of dilute nitric acid, and de
termine the lead present in the solution by any standard pro
cedure for lead.

(When the concentration of tetraethyllead is expressed in 
volume, the density of the pure material is taken as 1.65, which 
is equivalent to: 1 ml. of tetraethyllead = 1.0570 grams of 
lead.)

324
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T a b l e  I .  D e t e r m i n a t io n  o p  T e t r a e t h y l l e a d  i n  G a s o l in e  
(R esu lts  in  m l. of Pb(CsHs)« per gallon  a t 15 .5 °  C .)

 M ean  Error (O b served — C alcu la ted )   n Precision**
H ighly R eliab le Sam e D ifferent

T y p e  of G asoline: V ery vo la tile P a r tly  cracked cracked M ean L im its0 laboratory laboratories
C alcu lated  C om position: 2 .8 2 0 0 .9 7 8 2 .9 8 9 1 .4 3 0 0 .2 8 6 2 .2 9 3 1 .8 0

Regular® IIC l reflux - 0 .0 0 3 6 - 0 .0 1 0 —0 .0 0 3 6  - 0 .0 1 1 6 - 0 .0 0 6 6 - 0 .0 3 9 - 0 .0 1 2 =±=0.006c 0 .0 2 6 0 .0 5 0
N o . of d eterm inations 24 20 18 15 13 13
N o . of laboratories 9 8 7 7 6 7

O p tion al0 HC1 reflux - 0 .0 2 8 - 0 .0 1 4 - 0 .0 1 9 - 0 .0 0 8 6 - 0 .0 0 5 6 - 0 .0 3 9 - 0 . 0 1 9 ± 0 .0 0 7 c 0 .0 2 3 0 .0 3 2
N o . of d eterm inations 28 32 42 33 31 34
N o. of laboratories 12 13 14 14 14 13

B rom ine - 0 .0 4 3 - 0 .0 1 3 6 - 0 .0 6 2 - 0 .0 4 1 - 0 .0 4 1 - 0 .1 2 4 - 0 . 0 5 4 = t0 .0 1 1 c e 0 .0 7 5
N o . of d eterm inations 10 10 10 10 10 8
N o. of laboratories 6 G 6 6 6 5

a R egular m ethod , 50 cc. of sam ple +  50 cc. of h ea v y  d istilla te . O ptional m ethod , 100 cc. of sam ple, no  h ea v y  d istilla te .
6 Error is  not sign ificant— i. e ., does n ot differ reliably from  zero. 
c T w ice standard  d ev ia tion  of mean. 
d T w ice standard  d ev ia tion  of in d iv id u al results.
e D ep en ds upon care tak en  in  brom ination; one laboratory w ith  extrem e care obtained  a precision of 0 .012, three other laboratories w ith  ord inary care ob

ta ined  a precision of 0 .062.

D e te r m in a tio n  o f  th e  Lead
The lead present in the lead nitrate solution can be deter

mined by any one of the regular standard procedures for lead. 
Satisfactory results have been consistently obtained in the 
laboratories of this corporation by the use of the methods 
described below.

G r a v im e t r ic  M e t h o d  (PbCr04). Neutralize the nitric acid 
solution of the lead nitrate first with dilute ammonium hydroxide, 
adding 5-ml. excess, using p-nitrophenol or litmus as indicator, 
and then with dilute acetic acid, adding 1- to 2-ml. excess. Dilute 
the solution to 200 ml., and to the boiling solution add drop by 
drop 10 to 15 ml. of a 10 per cent solution of potassium dichro- 
mate. Boil the solution until a deep orange colored precipitate 
is obtained (10 to 15 minutes), cool, and allow to settle several 
hours or overnight. Collect the precipitate on a dried and 
weighed Gooch crucible, wash well with hot water, dry at 110° C., 
and weigh as PbCrO<. (On an original sample of 50 ml. of 
gasoline, the weight of lead chromate multiplied by 48.533 will 
give the grams of lead per gallon of gasoline; multiplied by 
45.915, it will give the milliliters of tetraethyllead per gallon of 
gasoline.)

V o l u m e t r ic  M e t h o d  (PbMoO<). Lead Nitrate. Prepare a 
solution containing approximately 4 .8  grams per liter of c . p . lead 
nitrate. Standardize the solution by precipitating the lead 
from an aliquot, as lead chromate, using the procedure described 
for the gravimetric method.

Tannic Acid Indicator. Prepare a 0.5 per cent solution in 
water of the U. S. P. fluffy tannic acid. This solution deteriorates 
on prolonged standing, and should be prepared at frequent 
intervals.

Ammonium Molybdale. Prepare a solution containing 2.38 
grams per liter c. p . ammonium molybdate, (NH()6Mo70n.4H20 . 
For standardization, take an aliquot of the standard lead nitrate 
solution, preferably 25 ml., make ammoniacal with dilute am
monium hydroxide to slight excess, and then make acid with 
dilute acetic acid, using 1- to 2-ml. excess. Dilute to 150 ml., 
and titrate hot with the ammonium molybdate solution, using 
tannic acid as an external indicator. (A small electric hot plate 
may conveniently be used, as the sample must be kept above 90° C. 
during the titration.) For the end-point tests care must be 
taken always to use the same amount of solution (4 drops) to 
add to the indicator solution (2 drops) contained in the depres
sion of a spot plate. Determine a blank on the same amount 
of water and ammonium acetate, and subtract the amount of 
molybdate solution used (about 0.3 ml.) from the result of the 
titration.

The molybdate solution may be adjusted to be equivalent to 
2.7924 mg. of lead per milliliter, in which case 1 ml. of this solution 
used on an original 50-ml. sample of gasoline corresponds to 0.2 
ml. of tetraethyllead per gallon of gasoline.

The concentration of lead nitrate solution may be adjusted to 
be equivalent to the molybdate solution, so that it may be used 
for adding known quantities of lead to the sample to complete 
the titration in case the sample is overtitrated.

Procedure. Determine the lead present in the nitric acid solu
tion by the method described for the standardization of the am
monium molybdate solution.

For samples titrating, initially, less than 5 ml. of the molyb
date solution, 10 ml. of the lead nitrate solution should be added 
before the titration is completed. The volume of the ammonium 
molybdate solution equivalent to the lead acetate solution is

subtracted from the titration volume before calculating the 
results.

D iscu ss io n
The equipment and procedure as described above are the 

result of a fairly exhaustive investigation, and no obvious 
simplification of this method was found which would not 
sacrifice convenience, or accuracy, or both.

In addition to exhaustive tests in this laboratory on widely 
different types of gasolines, the method was tested by fourteen 
laboratories on 6 samples of gasoline made from 3 different 
base stocks. The results obtained are compared in Table I 
with the results obtained simultaneously by the bromination 
method (1).

Comparing the three methods, it will be observed that the 
mean errors for the hydrochloric acid reflux methods are 
considerably less than for the bromine method. This corre
sponds to a more complete lead recovery by the hydrochloric 
acid reflux methods. The regular hydrochloric acid reflux 
method has less mean error than the optional method.

The precision, which is a measure of how closely results 
check each other, is approximately equal for results obtained 
in the same laboratory by either the regular or optional hydro
chloric acid reflux methods. When comparing results ob
tained in different laboratories, the precision is somewhat 
better for the optional method than for the regular method and 
both are considerably better than the bromine method. The 
superiority of the optional method in this respect, which is 
under consideration only when comparing a result obtained 
in one laboratory with a result obtained in another laboratory, 
is ascribed to the variations in technique and burets in differ
ent laboratories. The titration error introduced by such 
variations has a higher relative effect in the regular method 
because the sample is only half as large as in the optional 
method.

C o n clu sio n s
Table I indicates that the new method yields results with 

a mean error of only —0.012 ml. of tetraethyllead per gallon 
of gasoline, as against —0.054 for the bromination method, 
the improvement being particularly noticeable in the case 
of cracked gasolines. Furthermore, the precision of the new 
method is greater than for the bromine method, the upper 
limit for the variation between laboratories being 0.050 ml. 
of tetraethyllead per gallon of gasoline by the new method, 
as compared with 0.075 by the bromine method.

L itera tu re  C ited
(1) Edgar, Graham , and Calingaert, George, I n’d . E n g . Chem., Anal.

Ed., 1, 221 (1929).
(2) Ferreri, Giorn. chim. ind. applicata, 1, 625 (1925).
(3) Private communication.



Separation of Cobalt from Manganese
J . G . F A IR C H IL D , U . S . G eo lo g ica l S u rvey , W a sh in g to n , D . C.

THE quantitative separation of cobalt from manganese 
by any known method is difficult. Manganese dioxide 
precipitated by potassium chlorate and nitric acid tends to 

carry down some cobalt with it. Precipitation of cobalt 
sulfide in acetic acid solution does not always give a sharp 
separation; either some manganese remains with the cobalt 
or some cobalt with the manganese, or both. The separation 
here proposed has been suggested by Prescott and Johnson 
(5) and by Lundell and Hoffman (8), but no figures to show its 
accuracy have been published. The usual procedure of 
separating cobalt from manganese as potassium cobaltinitrite 
appears somewhat longer than the proposed method, as it 
requires the removal of ammonium salts and is intended for 
a few milligrams of cobalt only.

Although cobalt phosphate by itself is soluble in ammonia 
in the presence of manganese both metals are quantitatively 
precipitated by ammonium phosphate unless citrate ions 
are present. As little as 2 mg. of cobalt can be quantita
tively separated from 0.1 gram of manganese after the addi
tion of 2 grams of citric acid, when the phosphate precipita
tion is made by the method of W. Gibbs (1, 2), in which 
manganese phosphate is slowly precipitated at boiling tem
perature by the addition of dilute ammonia. The concentra
tion of manganese should not exceed 0.1 gram of manganese 
in 100 ml. containing 1 to 2 grams of ammonium phosphate 
and 20 grams of ammonium chloride.

Ammonium citrate appears to act as a differential retarding 
agent by permitting only a partial retention of cobalt, while 
only slightly retarding the precipitation of manganese. 
This permits a fairly clean-cut separation of the two metals 
in from one to three precipitations of manganese phosphate. 
The color of the precipitate is helpful in judging the extent of 
separation. Pure manganese phosphate, which is flesh- 
colored, becomes lilac in the presence of 1 mg. or more of 
cobalt.

I t  is permissible to determine cobalt quantitatively as the 
sulfate, which may be dehydrated a t 600° C. without dis
sociation (4). Consistently accurate results were obtained 
with quantities up to 0.4440 gram of cobalt sulfate. I t  is 
advisable to re-ignite the sulfate as a check for constant weight 
without an intervening evaporation with water and to stir it 
with a platinum wire before ignition. This avoids decrepita
tion and gives the same final weight of cobalt sulfate as that 
obtained by evaporation with water. No manganese was 
found in the cobalt sulfate by the colorimetric test.

Any cobalt retained by the manganese phosphate is con
veniently determined colorimetrically as the blue cobalt 
chloride (£>)• The slight green color of cobalt blue, which is 
perhaps due to iron or some other slight impurity, may be 
partly overcome by reduction with a little sodium sulfite.

R ea g en ts  an d  S o lu tio n s
C o b a l t  N i t r a t e  S o l u t i o n . Filter a concentrated solution 

of the c. p. crystals in hot water, add an equal volume of concen
trated nitric acid, and allow the cobalt nitrate to crystallize out 
overnight. Use the wet crystals to prepare a stock solution 
containing 1 mg. of cobalt per milliliter. The actual strength 
was established by evaporating 30 ml. with 2 drops of 1 to 1 
sulfuric acid and igniting the residue at 600° C .

C i t r i c  A c i d  S o l u t i o n . Dissolve 20 grams of the crystals in 
100 ml. of water.

A m m o n i u m  P h o s p h a t e . Use the solid diammonium reagent.
A m m o n i u m  C h l o r i d e . Use the solid reagent.
M a n g a n e s e  S u l f a t e  S o l u t i o n . Use c. p . manganese di

oxide to prepare a solution containing 10 mg. of manganese per 
milliliter.

P roced u re
The solution of cobalt and manganese, which has been 

freed from other members of the ammonium sulfide group as 
well as the alkaline earths, may be the filtrate from the basic 
acetate precipitate if only minor quantities of calcium and 
magnesium are present. More than a few milligrams of the 
alkaline earths are undesirable because of their pronounced 
retentive action on cobalt when a group precipitation of phos
phates is made. Magnesium phosphate has a remarkably 
high adsorptive power and is particularly objectionable.

The solution is treated by the Gibbs method for the precipita
tion of manganese phosphate, except that it also contains 2 grams 
of citric acid in each 125 ml. The precipitation should proceed 
slowly. The final precipitate of manganese phosphate is filtered 
off and washed twice with very dilute ammonia and dissolved 
in just enough 1 to 1 hydrochloric acid. This solution is caught 
in the precipitation beaker and evaporated to dryness on the 
steam bath. For the colorimetric determination of cobalt, this 
residue is dissolved in 20 ml. of 1 to 1 hydrochloric acid and trans
ferred to a porcelain crucible of 30-ml. capacity, reduced with a 
few' crystals of sodium sulfite, and heated on the steam bath till its 
volume is about 10 ml. A series of standards from 0.3 to 1.2 
mg. of cobalt at 0.3 mg. intervals is similarly treated on the 
steam bath. From it the quantity of cobalt in the manganese 
phosphate may be closely determined.

The combined filtrates from the manganese phosphate are con
centrated to a volume of 200 to 300 ml. Bromocresol purple is 
added until the cobalt solution is decidedly colored, and it is then 
made slightly acid with 50 per cent acetic acid, or to the com
plete disappearance of the purple color at pH 5.2. Precipitation 
of cobalt sulfide will be complete at this acidity. It is saturated 
cold with hydrogen sulfide in an Erlenmeyer flask of suitable 
size, provided with the usual inlet and outlet tubes; then the 
tubes are closed and the flask is heated to about 70° C. on the 
steam bath until the cobalt sulfide coagulates, about one hour.

The filtered and washed cobalt sulfide is dried and ignited 
slowly in a 30-ml. porcelain crucible. After all carbon is gone, 
the cobalt oxide is dissolved in just enough 1 to 1 hydrochloric 
acid and evaporated to dryness. The precipitation flask is 
cleaned with a little hot 1 to 1 nitric acid which is added to the 
cobalt chloride in the crucible, together with 2 to 8 drops of 1 to 1 
sulfuric acid—the latter quantity for 0.2 gram of cobalt. When 
all liquid is evaporated, the crucible is slowly heated in a radiator 
until the excess of sulfuric acid is apparently gone. The bottom 
of the crucible is then heated directly in the Bunsen flame to a 
dull red for about one minute. The ignition at 550° to 600° C. 
should be repeated until the cobalt sulfate reaches constant 
weight.

The experimental results appear in Table I.
Experiments 1 to 7, which cover a range from 2 to 169 

mg. of cobalt, show that the quantitative separation of cobalt 
and manganese phosphates in the presence of ammonium cit-

T a b l e  I. D e t e r m i n a t i o n  o p  C o b a l t  i n  t h e  P r e s e n c e  
• o f  M a n g a n e s e

C obalt
Found

in  P h os C obalt Total
/----------------- T ak en ------- p hate Pre as C obalt

E xp t. C o M n  C a M g cip ita te CoSO< F ou n d Error
Gram Gram Gram Gram Gram Gram Gram Gram

1 0 .0 0 2 1  0 .1 0 0 0  ____ 0 .0 0 0 0 « 0 .0 0 2 1 0 .0 0 2 1 0 .0 0 0 0
2 0 .0 0 6 0  0 .1 0 0 0  . . . . 0 .0 0 0 5 0 .0 0 5 8 0 .0 0 6 3 + 0 .0 0 0 3
3 0 .0 1 2 3  0 .1 0 0 0  ___ 0 .0 0 0 8 0 .0 1 1 4 0 .0 1 2 2 - 0 .0 0 0 1
4 0 .0 2 4 9  0 .1 0 0 0  ____ 0 .0 0 0 3 0 .0 2 5 4 0 .0 2 5 7 + 0 .C 0 0 8
5 0 .0 5 6 2  0 .1 0 0 0  ___ 0 .0 0 0 1 0 .0 5 6 0 0 .0 5 6 1 - 0 .0 0 0 1
6 0 .1 0 4 5  0 .1 0 0 0  ____ 0 .0 0 0 6 0 .1 0 4 3 0 .1 0 4 9 + 0 .0 0 0 4
7 0 .1 6 8 7  0 .2 5 0 0  ___ 0 .0 0 0 6 6 0 .1 6 7 6 0 .1 6 8 2 - 0 .0 0 0 5
8 0 .0 5 0 9  0 .2 5 0 0  0 .1 0 0 0 0 .0 0 0 3 0 .0 5 1 8 0 .0 5 2 1 + 0 .0 0 1 2
9 0 .0 5 0 9  0 .2 0 0 0  0 .0 4 0 0 0 .0 4 0 0 0 .0 0 2 4 0 .0 4 9 7 0 .0 5 2 1 + 0 .0 0 1 2

10 0 .0 5 0 9  0 .1 0 0 0  ____ 0 .0 4 0 0 0 .0 0 0 8 6 0 .0 5 1 1 0 .0 5 1 9 + 0 .0 0 1 0
a O ne precip itation .
6 T hree precip itations.
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rate is fairly satisfactory. Experiments 8 to 10 show the 
adverse effect of the alkaline earths, which are not precipi
tated as completely as manganese phosphate and tend to 
accompany cobalt sulfide. An electrolytic determination of 
cobalt would be better in such cases.

If the alkaline earths are likely to be present in only very 
minor quantities, they may be precipitated jointly with 
manganese phosphate. This step shortens the procedure by 
avoiding the previous separation of cobalt and manganese 
with ammonium sulfide. The presence of an appreciable 
quantity of magnesium is strongly suggested by the deepened 
lilac color of the first phosphate precipitate. In such case, 
the precipitate should be dissolved in just enough hydrochloric 
acid, the quantity of citric acid doubled to 4 grams in 125 
ml., and the precipitation repeated. Three precipitations 
should be sufficient in any case.

This procedure, which is reasonably rapid, is especially 
adaptable to the analysis of cobalt-bearing psilomelane, which 
is very high in manganese and low in alkaline earths. The 
manganese in the phosphate precipitate may be readily

determined by the bismuthate method, if it  contains only a 
negligible quantity of cobalt.

By igniting cobalt sulfate a t 550° to 600° C. all free acid 
may be safely expelled, thus permitting a rapid determination 
and the handling of larger quantities than have been thought 
advisable heretofore. The ignited sulfate is completely 
soluble in cold water.

L itera tu re  C ited
(1) Blair, “ Chemical Analysis of Iron” , 8th ed., p. 106, Philadelphia,

J. P. Lippincott Co., 1918.
(2) Hillebrand and Lundell, “ Applied Inorganic Analysis” , p. 349,

New York, John Wiley & Sons, 1929.
(3) Lundell and Hoffman, “ Outlines of M ethods of Chemical

Analysis” , p. 70, New York, John Wiley & Sons, 193S.
(4) Mellor, “ Comprehensive Treatise on Inorganic and Theoreti

cal Chemistry” , Vol. XIV , P t. 3, p. 765, New York, Long
mans, Green & Co., 1935.

(5) Prescott and Johnson, “ Qualitative Chemical Analysis” , p.
334, New York, D. Van N ostrand Co., 1933.

(6) Snell, “ Colorimetric M ethods of Analysis” , Vol. I, p. 321, Now
York, D. Van N ostrand Co., 1936.

P u b l i s h e d  b y  perm ission of th e D irector, U . S . G eological S urvey.

Warder’s Method for the Titration of Carbonates
A . A . B E N E D E T T I-P IC H L E R , M IC H A E L  C E F O L A , A N D  B E R N A R D  W A L D M A N  

N ew  Y o rk  U n iv e r s ity ,  N ew  Y o rk , N . Y .

A c r it ic a l su rvey  o f  W arder’s m e th o d  a n d  o f  th e  
lite ra tu re  p e r ta in in g  to  i t  sh o w s th a t  t itr a t io n  o f  
c a rb o n a te  to  b ic a rb o n a te  m u s t  b e  p erfo rm ed  in  a 
c lo sed  sy s te m  to  avo id  lo ss  or  g a in  o f  ca rb o n  d io x id e . 
A t itr a t io n  p ro ced u re  w h ic h  is  e s se n t ia lly  id e n tica l  
w ith  th a t  o f  T illm a n s  a n d  I le u b lin  is  d escr ib ed  in  
d e ta il  so  as to  a ssu re  a c ce p ta b le  r e su lts . I ts  a c 
cu ra cy  a n d  p re c is io n  h a v e  b e e n  te s te d  o n  a  ca rb o n 
a te -b ic a r b o n a te  s o lu t io n  h a v in g  a  ca rb o n  d iox id e  
te n s io n  o f  a p p ro x im a te ly  0.0003 a tm o sp h e r e  so  as to  
ren d er  th e  so lu t io n  r ea so n a b ly  s ta b le  in  c o n ta c t  
w ith  a ir.

T h e  r e la tiv e  average d e v ia t io n  o f  th e  t itr a t io n  o f  
ca rb o n a te  to  b ic a rb o n a te  h a s  b e e n  fo u n d  ap p rox i
m a te ly  eq u a l to  1.5 p a r ts  p er  th o u sa n d . T h e  d e 

te r m in a t io n  o f  th e  t itr a ta b le  b a se  c a n  b e  p er
fo r m e d  w ith  a p re c is io n  o f  0 .5  p a rt per th o u sa n d .  
C a lc u la t io n s  b a sed  o n  th e se  figures sh o w  th a t  in  th e  
a p p lic a tio n  o f  W arder’s m e th o d  to  th e  d e te r m in a 
tio n  o f  h y d ro x id e, ca rb o n a te , a n d  b ic a rb o n a te  in  
th e  p resen ce  o f  o n e  a n o th e r  th e  p rec is io n  b e c o m es  
poor w h en ev er  th e  m a ss  o f  th e  c o n s t i tu e n t  d e te r 
m in e d  is  le s s  th a n  o n e  te n th  o f  th e  m a ss  o f  th e  
m a jo r  c o m p o n e n t . T races o f  c a rb o n a te  in  h y 
droxide m a y  be d e te r m in e d  by th e  u se  o f  a refined  
t itr a t io n  te c h n iq u e , b u t  i t  w o u ld  be h o p e le ss  to  
a t te m p t  w ith  W arder’s m e th o d  th e  d e te r m in a tio n  
o f  tra ces o f  h y d rox id e  in  ca rb o n a te , tr a ce s  o f  car
b o n a te  in  b ica rb o n a te , or tra ces o f  b ic a rb o n a te  in  
ca rb o n a te .

A SURVEY of the literature on Warder’s method (42) 
reveals great differences in the performance of the ti

tration (6, 12, 17,22, 27, SO, 31,36,37, 39), and the reliability 
of the method appears a matter of controversy. Theoretical 
analysis of the problem pennitted an adequate evaluation of 
the individual publications, but an experimental investiga
tion seemed necessary for the confirmation of the conclusions 
drawn. A review of the literature a t the close of the inves
tigation finally showed that, while all the required precau
tions were known, not one of the authors customarily con
sulted had succeeded in describing an entirely satisfactory 
procedure.

The principal aspects of the titration of carbonates may 
be derived from Figure 1, in which it  is assumed that 10-ml. 
portions of sodium carbonate solutions are titrated with 
standard acids of the same molar concentrations as the car
bonate solutions. pH curves I, II, and I II  have been cal
culated for 1 molar, 0.1 molar, and 0.01 molar solutions, re
spectively. The pH a t the bicarbonate equivalence point is

the same for all concentrations (28), while the pH at the car
bon dioxide equivalence point varies considerably with 
changes of the concentration. The curves through E { and 
Es show the continuous change of the carbon dioxide tension 
of the titrated solutions. The carbon dioxide tension has 
been calculated as a function of the hydrogen-ion concentra
tion (11) and the sodium-ion concentration by means of the 
equation

P C0! =  8.2 X 107 [H +] 7 8+iV ^  j i p j 0— atmosphere

The common logarithms of the carbon dioxide tensions have 
been plotted against the volumes of standard acid added. 
The horizontal line E\EZ indicates the tension 0.0003 atmos
phere, which corresponds to the partial pressure of carbon 
dioxide in air containing 0.03 per cent by volume of this 
gas. The curves, through Ei for molar solutions and through 
Ei for 0.01 molar solutions, show clearly that the titrated solu
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tions are in general not in equilibrium with the atmosphere 
(7, 11, 34, 39).

C arbon D ioxide T en sio n  an d  P erfo rm a n ce  o f  
T itra tio n

I t is obvious tha t production of correct results with Ward
er’s method requires tha t the carbon dioxide content of the ti
trated material be kept constant until the bicarbonate end 
point is adjusted (34); losses or gains of significant quan
tities of carbon dioxide must be prevented.

The slow rate of hydration in the interval from pH 11 to 8 
determines the conditions which actually prevail during a 
titration to the bicarbonate end point. The addition of 
every portion of standard acid creates in the titrated solution 
locally, close to the surface, a strongly acid region containing 
a high concentration of carbonic acid which immediately de
hydrates to carbon dioxide. Considerable losses of carbon 
dioxide are imminent a t this stage, and quick dissipation of 
the acid region by mixing gives no radical improvement, 
since considerable time is required until the carbon dioxide is

F i g u r e  1 . T i t r a t i o n  o p  C a r b o n a t e s

The instability of solutions of carbonate and bicarbonate 
in contact with air is shown by Figure 1. At the bicarbonate 
equivalence point the carbon dioxide tension exceeds 0.1 
atmosphere with molar solutions and 0.001 atmosphere with 
0.01 molar solutions (11, 31, 89). I t  is true that bicarbonate 
solutions lose carbon dioxide very slowly when standing in 
contact with air, but the rate of loss is greatly increased by the 
mixing operations which are necessary during titrations. 
Losses averaging 9 per cent of the carbon dioxide present 
were observed with 0.1 molar and 0.01 molar solutions of pure 
sodium carbonate decahydrate when, in the authors’ experi
ments, titrations were carried out a t freezing temperature in 
open 250-ml. Erlenmeyer flasks. The occurrence of losses of 
such magnitude is explained by the fact that, during titra
tion, the carbon dioxide tensions for most of the time exceed 
those shown in Figure 1, which have been calculated for con
ditions of equilibrium.

The rate of hydration of carbon dioxide is far lower than 
the rate of dehydration of the carbonic acid, and even dilute 
solutions of carbon dioxide contain approximately 99 per cent 
anhydride (C02), 0.9 per cent bicarbonate ion, and only 0.1 
per cent carbonic acid (H2C 03) (5, 35). Thiel (34), Faurholt 
(5), and Brinkman, Margaria, and Roughton (4) came to the 
conclusion that in alkaline solutions the reaction C 02 +  
OH-  HCO3-  prevails, the rate obviously depending upon 
the liydroxyl-ion concentration. The times required for 
approach within 10 per cent of equilibrium are given as 
follows (5) :

A t p H  14 to  12, a  sm all fraction  of a second  
A t p H  12 to  11 and 4 to  0, a few  ten th s  of a second  
A t pH  11 to  10 and 6 to  4, 1 to  10 seconds  
A t pH  8, 80 seconds

bound by reaction with the hydroxyl ion of the weakly alka
line solution. Efficient stirring, which would prevent the 
temporary formation of strongly acid regions, is not admis
sible, for it would greatly facilitate the exchange of carbon 
dioxide between solution and atmosphere.

The necessity of avoiding loss of carbon dioxide was recognized 
from the very beginning. Warder himself (42) recommended 
titration of dilute solutions, a provision which is not sufficient, 
however, for the titration of mixtures of carbonate and bicarbon
ate. Thomson (36) recommended in 1883 “keeping the point of 
the buret in the liquid, so that no carbonic acid escapes.” A 
buret was used “with a long capillary spit reaching nearly to the 
bottom of a tall narrow cylinder in which the liquid was titrated 
with continual stirring by a circular glass rod, which was never 
lifted above the surface of the liquid” (29, 30). Kippenberger
(12) seems to have been the first to recommend performance of 
the titration in a stoppered flask (7, 11, 37, 39).

A d ju stm e n t o f  B ica rb o n a te  E nd P o in t

The adjustment of the bicarbonate end point requires (1) 
the use of a color standard for the adjustment of the end point 
(3,33), and (2) allowance of sufficient time after each addition 
of standard solution for the establishment of equilibrium. 
The slow hydration of carbon dioxide, which is responsible 
for the “fading of the phenolphthalein color” (30, 40), has 
been discussed.

The color standard for the adjustment of the end point, 
which is easily prepared with the use of pure bicarbonate, 
must be protected against loss of carbon dioxide and, for ob
vious reasons, is kept in a stoppered flask of the type used in 
the titrations. The color standard must contain the same 
quantity of indicator as the titrated solution, and it must



approximate the solution which has been titrated to the bi
carbonate end point with respect to volume, bicarbonate 
concentration, total ion concentration, and temperature 
(10, 14).

Phenolphthalein is recommended for the indicator; thy
mol blue (27) appeared definitely less satisfactory. Excellent 
results were obtained with Simpson’s indicator (31), but its 
usefulness may be expected to show great variations, de
pending upon the ability of the experimenters to match 
shades of orange. The use of a one-color indicator, such as 
phenolphthalein, requires special attention to the selection of 
the proper indicator concentration. The intensity of colora
tion produced by such indicators in a solution of a definite 
pH is directly proportional to the stoichiometric concen
tration of the indicators (1). Thus, it is absolutely neces
sary to add equal masses of indicator to the titrated solution 
and color standard. As a matter of common sense, the quan
tity of indicator is chosen so as to produce a tint permitting 
precise colorimetric matching (22).

The coloration produced by phenolphthalein in a bicarbonate 
solution depends on the total ion concentration and the tem
perature of the solution (10, l'Jj). Cooling and addition of neutral 
salts were used (17) in order to obtain a “colorless” solution at 
the phenolphthalein end point. The shape of the pH curve makes 
it impossible, however, to obtain an abrupt change of color, and 
the adjustment to a definite shade of “colorless” is, of course, far 
more difficult than the reproduction of a pink which has been in
tentionally chosen because of its suitability for colorimetric 
matching. Comparison of the “colorless” solution with a sample 
of water reveals the definitely pink hue of the former.

A d ju stm e n t o f  Carbon D ioxid e E nd P o in t

The procedure for the adjustment of the carbon dioxide 
end point must depend essentially upon the concentration of 
the titrated solution (Figure 1). Tenth molar and stronger 
carbonate solutions are best titrated with the use of bromo- 
phenol blue to a greenish gray coloration, pH 4, taking care 
to  remove from the titrated solution by agitation as much 
carbon dioxide as possible. More dilute carbonate solutions 
are best treated with a slight excess of standard acid, boiled 
for the removal of the liberated carbon dioxide, cooled to 
room temperature, and then titrated back with standard 
alkali, using an indicator acting at approximately pH 7. The 
use of an end point close to pH 7 is essential for precise deter
minations of the titratable base of very dilute solutions. In 
the back-titration the pH of the solution follows the steep 
curve, I l ia , of Figure 1 and, around pH 7, a small volume 
of standard solution is able to change the color of the in
dicator. Curve I II  for the titration in the presence of carbon 
•dioxide indicates low precision of the adjustment of the end 
point and the necessity of using a color standard.

The suitability of the proposed procedures may be derived 
•from the results of the following experiments. Eleven 50-ml. 
portions of an approximately 0.1 molar solution of pure sodium 
carbonate decahydrate were titrated with 0.5 molar standard acid, 
using bromophenol blue as indicator. As the arithmetical mean 
of 11 determinations, 21.53 *  0.01 ml. of acid were required for 
the neutralization of the titratable base. Then the 0.5 molar 
standard solutions and the 0.1 molar carbonate solution were 
diluted ten times, using the same volumetric apparatus in the 
■dilution of all the solutions. Fifty-milliliter portions of the 0.01 
molar sodium carbonate solution obtained were now titrated 
with the use of 0.05 molar standard acid and standard alkali. 
The carbon dioxide was eliminated by boiling and bromothymol 
blue was used as indicator for the back-titration to pH 7. As the 
mean of 7 titrations 21.53 =*= 0.02 ml. of the 0.05 molar acid were 
required, which is in satisfactory agreement with the result of 
the former series of determinations.

The traditional use of methyl orange (17, 42) offers no de
cided disadvantages in the titration of strong carbonate solu
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tions. The change of color occurs in the pH range between
4.8 (yellow) and 3.0 (red). Curve I of Figure 1 indicates 
that with 1 molar solutions the color will gradually change 
before the equivalence point is reached. Beyond that point, 
one drop of standard acid will suffice to change the color 
from orange to red, and the appearance of red should, there
fore, be chosen as end point. In the calculation of curves I, 
II, and I II  it was assumed that no carbon dioxide is given 
off during the titration. If care is taken, however, to elimi
nate by agitation most of the carbon dioxide formed, the pH 
of the solution will approximately follow curve la, and a far 
more sharply defined change of the color of methyl orange 
will be obtained a t the end point.

Reinitzer (26) was probably the first to recognize the in
fluence of carbon dioxide on the color of methyl orange, but 
even today there seem to be differences of opinion concerning 
the suitability of this indicator. From Figure 1 it is obvious 
that methyl orange can be employed for the titration of ap
proximately 0.1 molar and stronger carbonate solutions, es
pecially if a color standard is used (3,15, 17, 23). The titra
tion of 0.01 molar or even 0.001 molar carbonate solutions with 
the use of methyl orange should not be attempted; it must be 
kept in mind that 100 ml. of distilled water need 1 ml. of 
0.01 molar acid and more than 10 ml. of 0.001 molar acid to 
acquire a pH of 4 (3).

P rocedure

The titration is carried out in a 250-ml. volumetric flask 
with long narrow neck and glass or cork stopper (37). Two 
more flasks of the same size, shape, and make are needed; 
one holds the color standard, the other is filled with plain 
water.

Of solid materials and strongly alkaline solutions, an 
amount that will require approximately 40 ml. of 0.5 N  acid 
to neutralize all the titratable base is transferred into the 
volumetric flask and treated with 50 ml. of distilled water 
which has been freed from carbon dioxide. If the sample 
contains large or moderately large quantities of carbonate, the 
distilled water may be “freed” from carbon dioxide by shak
ing it in a large flask while suction is applied. Special pre
cautions (9) are required for the determination of traces of 
carbonate. For the titration of dilute alkaline solutions it 
is advisable to use standard acid of such normality that ap
proximately 10 ml. are required for neutralization of the ti
tratable base of 80 ml. of sample.

The color standard for the bicarbonate equivalence point 
must resemble the titrated solution at this point in volume, 
bicarbonate concentration, total ion concentration, and tem
perature; furthermore, it must contain the same mass of in
dicator as the titrated solution. Obviously, an approximate 
knowledge of the composition of the sample is required.

Some U. S. P. sodium bicarbonate is stirred for about 3 minutes 
with distilled water. The mixture is transferred to a Büchner 
funnel, strong suction is applied, and the cake of salt is washed 
once with cold distilled water. When the bicarbonate begins to 
dry, the required quantity of the still slightly moist salt is weighed 
out on a horn-pan balance and transferred to the volumetric flask. 
The calculated quantity of neutral salt and distilled water, pre
viously freed from carbon dioxide, are added. The flask is im
mediately stoppered and then shaken until all solids have dis
solved. Finally, a 1 per cent solution of phenolphthalein in alco
hol is added from a medicine dropper or graduated pipet until the 
solution assumes a pink coloration. Approximately 0.1 ml. of 
the indicator solution will produce a tint satisfactory for colori
metric matching.

Exactly the same amount of phenolphthalein, as used in the 
preparation of the color standard, is added to the solution to be 
titrated. The titrated solution and the color standard are always 
kept stoppered. The flask containing the titrated solution is 
opened only for the addition of standard solution and then im
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mediately closed again. At the start of the titration, the standard 
acid is added in relatively large portions and, after every addition, 
the contents of the flask are vigorously shaken for about 20 sec
onds so as to establish equilibrium between the gaseous and the 
liquid phases. When the color of the titrated solution has bright
ened to pink, the standard acid is added in portions of 0.2 ml., 
single drops, and eventually fractions of drops. Simultaneously 
the time of shaking is the more prolonged the nearer the titration 
approaches the end point. When this point seems to have been 
reached, it becomes necessary to shake one full minute and to 
wait another minute before comparing with the color standard. 
It is advisable to shake the color standard just as often and as 
long as the titrated solution, to make certain that the equilibrium 
with the gaseous phase is established in the standard also. For 
the close matching of colors it is convenient to place the flasks on 
a large sheet of white paper. The flask with plain water will be 
found helpful when comparing the pink solutions. Strongly col
ored solutions cause fatigue of the eyes and must be kept away 
from the titration table.

For the titration to the carbon dioxide end point the stopper 
is removed and rinsed off into the titrated solution with 10 or 
15 drops of distilled water. After addition of the proper indica
tor, the titration is continued, shaking the solution from time to 
time to accelerate the escape of carbon dioxide. The choice of 
indicator and procedure for the adjustment of the end point have 
been discussed above. The use of standard alkali is permissible 
in the adjustment of both end points.

T a b l e  I. T i t r a t i o n  o f  T e s t  S o l u t i o n s
N aiC O i NaHCO>

G./l. a./i.
S olution  I C alculation

W arder’s m ethod  
W inkler’s m ethod

S olution  II  C alculation
W arder’s m ethod  
W inkler’s m ethod

1 2 .7 1 5 *  0.0032  
12.78 *  0.013

1 2 .7 0 8 *  0.0051  
12.60 *  0.023

13.446 *  0 .0027
13.38 *  0.019  
12.97 *  0.017

13.445 *  0.0027  
13.63 *  0.034
13.38 *  0 .0083

A ccuracy o f  th e  S u g g ested  P roced u re

The test material was a solution that contained known 
quantities of carbonate and bicarbonate in such proportion 
that the carbon dioxide tension of the solution approximated 
the partial pressure of carbon dioxide in the atmosphere. 
Thus it was hoped to overcome the difficulties arising from 
the variation of composition due to the exchange of carbon 
dioxide between liquid and air. Since the reliability of simple 
procedures for the preparation of pure sodium bicarbonate 
and pure sodium carbonate could be subject to controversy 
(IS, 19, 32, 41), it was decided to base all calculations on the 
analyses of these substances.

U. S. P. sodium bicarbonate was repeatedly washed with water 
and quickly dried. The salt thus purified was free from am
monium, chloride, and sulfate ions, as could be demonstrated 
by qualitative tests. Part of this bicarbonate was used for the 
preparation of anhydrous carbonate. Use of a platinum crucible 
and heating in a Stiihler block eliminated the possibility of con
tamination by combustion products of the Bunsen flame.

S t a n d a r d  A c id  a n d  A l k a l i .  The 0.5 N  standard solutions 
were prepared and kept in 7-liter stock bottles which were per
manently connected with the calibrated burets. A n  arrangement 
of washers and soda-lime tubes, similar to that employed by 
Lindner (18), prevented changes of the standard solutions by 
either evaporation of water or absorption of carbon dioxide. The 
stock bottles were filled with distilled water and then, using a 
gas diffuser stone of cylindrical form, air free from carbon di
oxide was bubbled through the water for 7 hours. After this 
treatment for the removal of carbon dioxide the calculated 
amounts of hydrochloric acid and oily lye, respectively, were 
added, the bottles were closed, and the contents were mixed by' 
shaking. Finally, the stock bottles were permanently connected 
to the burets.

For the determination of the titer, 25 ml. of the acid were meas
ured with the buret and precipitated with silver nitrate. The 
weight of the silver chloride was corrected for the buoyant effect. 
As the arithmetical mean of three determinations, 0.4S695 =*= 
0.00007 (=*=0.14°/oo) gram-equivalent weight per liter was found

for the normality of the acid. The titer of the standard alkali was 
determined at short intervals by titration with the standard acid. 
All titrations were carried out at a temperature of approximately 
25° C.; on very few occasions did it deviate from this norm as 
much as =<=4° C. With the temperature nearly constant and the 
solutions always dispensed by the same burets, any errors caused 
by the use of the 0.5 Ar standard solutions are automatically 
eliminated.

T i t r a t i o n  o f  P u r i f i e d  S o d iu m  B i c a r b o n a t e .  The determi
nation of the bicarbonate content was tried by weighing the car
bon dioxide obtained on decomposition. In one series of experi
ments carbon dioxide and water were liberated by heating the bi
carbonate at 2900 C. in a combustion tube; in the other series, the 
bicarbonate was decomposed with dilute acid. The precisions of 
both methods proved inadequate for the establishment of the 
degree of purity of sodium bicarbonate, and it was finally decided 
to measure the total alkalinity, which can be determined with 
high precision.

Five 1.4- to 1.8-gram portions of bicarbonate were titrated 
using methyl red as indicator. An excess of acid was added 
first and the carbon dioxide was removed by boiling for 2 minutes. 
After cooling to room temperature the end point was adjusted by 
titrating with standard alkali to yellow. The weight of the 
sodium bicarbonate was corrected for the buoyant effect. In 5 
determinations 24.443 =*= 0.003 ( ±0.12 °/0o) ml. of standard arid 
were required for the titration of 1.00000 gram of bicarbonate. 
From this figure the bicarbonate content was calculated (£) as
100.00 ± 0.02% NaHCOj. The presence of 0.1 per cent of sodium 
carbonate in the bicarbonate would increase the above value by 
0.06 per cent.

T i t r a t i o n  o f  S o d iu m  C a r b o n a t e .  Three 1-gram portions of 
the sodium carbonate were titrated with standard acid and alkali, 
using the same procedure as in the determination of the titratable 
base in sodium bicarbonate. The weight of the sodium carbonate 
was corrected for the buoyant effect. In 3 titrations 38.718 =*= 
0.008 ( ± 0.2°/oo) ml. of standard acid were required per 1.00000 
gram of carbonate. Calculation gives a content of 99.93 =*= 
0.024% Na2COj.

P r e p a r a t i o n  o f  T e s t  S o l u t i o n s .  Approximately 160 milli
moles of sodium bicarbonate and 120 millimoles of sodium car
bonate were dissolved to 1 liter of solution. The distilled 
water was boiled beforehand to expel the carbon dioxide dis
solved; for cooling the water to room temperature the flask was 
closed with a stopper carrying a soda-lime tube. The following 
quantities of salts were taken for the preparation of 1.00000 liter 
of test solution:

T est so lu tion  I 13 .4461  gram s of N aH C O j
12 .7 2 3 6  gram s of N ajCO i 

T est so lu tion  II  1 3 .4 4 5 0  gram s of NaHCO*
1 2 .7236  gram s of N a2CO* (9 9 .88% )

All weights were corrected for the buoyant effect, and the solu
tions were kept in stoppered flasks.

T i t r a t i o n  o f  T e s t  S o l u t i o n s .  All these titrations were 
carried out in 250-ml. volumetric flasks with long narrow 
necks, and for each experiment a 49.967 ±  0.0015-ml. por
tion of test solution was taken. During the titrations the 
scale of the acid buret was kept covered so as to eliminate 
bias in the adjustment of the end points.

In 10 titrations of test solution I, using the suggested procedure 
for the performance of Warder’s method the following volumes 
of standard acid were required :

12.38 *  0.011 ( * 0.90/ 00) m l., b icarbonate end point  
41.100 *  0 .0057( *0 .14°/oo ) m l., carbon dioxide end  point

These 10 titrations were carried out within 7 days from the 
preparation of the test solution. Twelve days later this solution 
was titrated, using Winkler’s method (43) as described by Kolt- 
hoff and Sandell (16), but employing strontium chloride in 
the place of barium chloride for the precipitation of carbonate. 
In 4 titrations the volumes of sodium hydroxide standard solu
tion required for the conversion of the bicarbonate to carbonate 
corresponded to 15.84 —0.02 (=*=1.3%o) ml. of the standard acid.

Since the time interval between the two series of titrations was 
obviously too long, another series of experiments was started and 
all the titrations were carried out within 3 days from the prepara
tion of test solution II. In 5 determinations using Warder’s 
method the following volumes of standard acid were required:

12.20 ■
41.056

0.02  (* 1 .7 5 * /o o ) m l., b icarbonate end p oin t  
* 0 .006( *0.14o/oo) m l., carbon dioxide end point
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In 4 titrations with the use of Winkler’s method, a volume of 
hydroxide solution was required which was equivalent to 16.345 ±  
0.01 (±0.62°/oo) ml. of the standard acid.

The results of the titrations are compiled in Table I. As 
indicated by the average deviations of the means, the signi
ficance of the deviations between experiment and calculation 
is, in general, doubtful. The deviations of the values for 
carbonate and bicarbonate obtained with. Warder’s method 
are probably of an accidental nature, and it appears that 
the method is able to give correct results (88). The limita
tions spring from its lack of precision as outlined below.

The results obtained with Winkler’s method deviate signifi
cantly from the calculated values. As already mentioned, the 
figure 12.97 is explained by loss of carbon dioxide while test 
solution I was standing for 12 days. I t  is obvious that carbonate- 
bicarbonate solutions can be stable only at a definite temperature 
in contact with air of a definite carbon dioxide pressure. Actu
ally neither of these factors was under control.

P rec is io n  o f  W arder’s M eth od

The following calculations are based upon the assumption 
that sodium salts are titrated, but substitution of the proper 
equivalent weights in the final equations permits their ap
plication to other carbonates and hydroxides. Titration to 
the phenolphthalein end point and the determination of the 
titratable base allow calculation of the hydroxide, carbonate, 
bicarbonate, and total carbonic acid. Bicarbonate-carbonic 
acid mixtures are not considered here, and it is understood that 
hydroxide and bicarbonate cannot occur simultaneously.

T h e  T i t r a t a b l e  B a s e ,  P Na, is calculated as a function of 
the volume, M, of standard acid required to reach the carbon 
dioxide end point. If S  represents the amount of sample, N  
the normality of the standard acid, and 2.3 one tenth of the 
equivalent weight of the constituent determined, the exact 
relation between P and M  is given by

titration from the bicarbonate end point to the carbon di
oxide end point:

4.4 NM2
(4)

This relation holds for mixtures of hydroxide and carbonate 
and for mixtures of carbonate and bicarbonate. Thus, the 
equation

SPco,
4.4 iV (5 )

is valid for the whole of the following discussion.
The precision of the result for total carbon dioxide ob

viously must depend upon precision hi of M i as well as on 
precision ¡j. of M . In other words, the precision of the deter
mined content of carbon dioxide will depend upon the pre
cisions of the adjustments of the bicarbonate end point and 
the carbon dioxide end point. The latter precision is a func
tion of the amount of titratable base present, as shown in 
Equation 2. The absolute precision of the adjustment of 
the phenolphthalein end point depends altogether on the 
amount of bicarbonate present a t this stage of the titration 
and is the same as obtained in the titration of an equivalent 
quantity of carbon dioxide with the use of standard alkali 
(18, 88). I t  has been demonstrated (IS) that the relative 
precision, hi/M 2, does not depend on the absolute amount of 
carbon dioxide present, if proper judgment is used in the se
lection of buret and concentration of the standard solution; 
the relative average deviation of a single adjustment of the 
phenolphthalein end point has been calculated from the ti
trations discussed above, and the values ±1.2°/oo (10 titra
tions) and ±l.G°/oo (5 titrations) were found. A value of 
±  1.5 °/oo appears a fair assumption, if the standard pro
cedure outlined in this paper is carefully followed :

•Pn» = 2.3 NM  
S

1000 M, = =*=1.5°/«

The precision of the determination of titratable base de
pends mainly upon the precision, n, of M—i. e., on the pre
cision of the adjustment of the carbon dioxide end point. 
The relative average deviation, n', of a single observation 
will not exceed 0.5 °/oo, if proper care is exercised and proper 
judgment is used in the selection of buret and concentration 
of the standard solution. In the two series of titrations listed 
in the preceding section, /j ' was found equal to ±0.45 °/oo 
(10 determinations) and ±0.32 %o (5 determinations), re
spectively. With the use of special precautions (8,9) the pre
cision of M  may be considerably improved, but m' =  ±0.5 %o 
must be considered a fair figure, if a standard procedure of 
titration is used. I t  follows (2) that the relative average de
viation, 7r'Na, of a single determination of the content P n» 
on titratable base is

= m' = 1000 j }  =  ±5»/« (1)

From the above two equations are derived the following 
relations which are needed later:

M

*  J L  
2000

SPtti
2.3 N

(2)

(3)

mi = 1.5 1000 (6)

The precision of the determination of the total carbon diox
ide follows from Equation 4:

tt'coj = Hi =  1000 V  Ml2 +  M2 
Mi

Substitution of the values obtained for n, m, and M t in 
Equations 2, 5, and 6 leads to

COJ

The first item under the root represents the average de
viation, ±1.5 °/oo, introduced by the adjustment of the phenol
phthalein end point, while the second item takes care of the 
average deviation, ±0.5°/oo, of the determination of the 
titratable base.

D e t e r m i n a t i o n  o f  S o d i u m  C a r b o n a t e  i n  P r e s e n c e  o f  

H y d r o x i d e .  The carbonate content is calculated as a direct 
function of M 2:

P  NoiCOl "
10.6 NM t 

S

T h e  T o t a l  C a r b o n i c  A c i d  is always a direct function of The relative average deviation, x'.va!co:, which is equal to
M  — M i =  Mt, the volume of standard acid required for the tt'coj, is given by Equation 7.
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D e t e r m i n a t i o n  o f  S o d i u m  H y d r o x i d e  i n  P r e s e n c e  o f  

C a r b o n a t e .  The hydroxide content is calculated as a 
function of the difference, Mi — M t = 2Mi — M. The error, 
Aii, of the adjustment of the phenolphthalein end point will be 
doubled in the calculation of the determination. ■ The average 
deviation is given by

’'■’nbOii = 1000 V  (2 Ml)2 +  M2 
,1/, -  M-.

--V(*xu jffiSd'+(oi 2 K ’v"
(8)

D e t e r m i n a t i o n  o f  S o d i u m  C a r b o n a t e  i n  P r e s e n c e  o f  

B i c a r b o n a t e .  The carbonate content is a direct function 
of M i, and the relative precision, 7t ' n « ,c o „  is determined by

T a b l e  II. R e l a t i v e  P r e c i s i o n s  o f  D e t e r m i n a t i o n s  o f  
S o d iu m  H y d r o x i d e ,  S o d iu m  C a r b o n a t e ,  a n d  S o d iu m  

B i c a r b o n a t e
(In  sam ples contain ing sodium  carbonate and sodiu m  h ydroxid e or sodium  

carbonate and sodiu m  b icarbonate)
=*=7T/0 /oo of th e  D eterm in ation  of: 

N aO H  NajCO j N aH C O i
N aO H - 

N ajC O j R atio  
Grama

NajCOa- 
N aH C O i R atio  

Grama

10,000:1
1000:1

100:1

10:1
1:1
1:10

1 : 100 '
1:1000
1:10,000

0 .5 0 13,800
0 .5 0 1 '1300
0 .5 0 J 130

0 .5 6 13
1 .4 2 .8

11 1 .8

120 1 .8
1200 1 .8

12,000 1 .8

10 , 000:1
1000:1

100:1

10:1
1:1
1:10

1:100
1:1000
1 : 10,000

1 .5
1 .5
1 .5

a O bserved, 2 .8  and 4 .0  parts per thousand. 
b O bserved, 4 .3  and 5 .5  parts per thousand.

3 .0
3 .0
3 .0

the precision of the adjustment of the phenolphthalein end 
point only. The average deviation of a single determina
tion is expressed by

. • „ „ C O .  -  -  1 0 0 0  f t  -  - 1 . 5  y .  m

D e t e r m i n a t i o n  o f  S o d i u m  B i c a r b o n a t e  i n  P r e s e n c e  o f  

C a r b o n a t e .  The bicarbonate content is a direct function of 
the difference, M2 — Mi = M  — 2 M }. The uncertainty, ni, 
of the adjustment of the phenolphthalein end point is doubled 
in the calculation of the result of the determination. The 
average deviation of a single determination is given by

’t'nuHCOi = 1000 V ( 2 m i ) 2 +  M2 
M 2 -  M i

and

*■ N»HCOl !

V(2 xi-5 4Äi^)’+(°5 2Ääky^ «»)

The relative precisions of Table II have been calculated 
with the use of the above equations and Equations 11 and 12, 
which require no comment:

P ° ° l  =  J p g  P N alCO i +  f i i .H C O « (11)

P n a =  | ^ P n»OH +  -Pn m COj +  -Pn »HCO, (1 2 )

The precisions of Table I I  represent average deviations 
for single observations, and there is a chance of approxi
mately 3 in 1000 that deviations occur which are four times 
as large as those listed. The table shows tha t Warder’s 
method becomes unreliable whenever the mass of the deter
mined component is a small fraction of the mass of the second 
component. An improvement of the precision by refinement 
of the working technique is possible only for that type of mix
tures of little carbonate with much hydroxide, which is in
dicated in the table by framing with a broken line. The 
required changes of procedure have been described by Rather 
(26) and by Han and Chao (8, 9).
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Dumas Method for Organic Nitrogen
F R E D  SH E A  A N D  C. E . W A T T S, C o m m e rc ia l S o lv e n ts  C o rp o ra tio n , T erre I la u te ,  In d .

DIFFICULTY is frequently experienced in obtaining ac
curate results in the determination of nitrogen by the 

Dumas method, errors sometimes being introduced by too 
rapid combustion of the sample and by impurities in the car
bon dioxide. The error due to too rapid combustion is 
especially encountered in the analysis of liquid compounds of 
nitrogen of a semi-explosive nature which tend to dissociate 
suddenly on heating, and which cannot be analyzed accurately 
by the Kjeldahl method because of losses during digestion.

After considerable experimenting, several modifications of 
the standard Dumas assembly have been made, with the result 
that the apparatus described below can be depended upon to 
give consistently good results even with relatively unstable 
liquid compounds. Compounds giving “nitrogenous char
coal” and requiring additional oxygen as described by Spies 
and Harris (i) are not included in the scope of the present 
apparatus, since these compounds are a t the opposite end of 
the scale so far as ease of combustion is concerned. The 
present method is concerned with the analysis of compounds 
which burn too readily rather than too slowly. The modified 
apparatus makes use of both gas and electric heating, the 
former to secure the very low, easily controlled heat essential 
for the proper burning off of the sample. Near the exit end 
of the combustion tube, the electric furnace is preferable for 
heating the coppcr reduction section of the assembly. The 
complete setup is shown in Figure 1.

R eco m m en d ed  M od ifica tion s
The combustion boat is filled with a mixture of 50 per cent by 

weight of powdered copper oxide and 50 per cent by weight of 
calcium carbonate instead of with pure copper oxide. The use of 
this mixture allows the sample to burn off more slowly, because 
of the inhibiting effect of tne calcium carbonate, and prevents a 
sudden spurt of gas from forcing its way through the tube im
mediately after ignition of the sample.

Volatile liquids should be weighed in glass ampoules. The 
ampoule is then laid in the combustion boat and covered with 
the calcium carbonate-copper oxide mixture, taking care to have 
the open end of the stem beneath the surface. High-boiling 
liquids may be weighed directly onto a layer of the mixture in 
the boat; then, after re-weighing, the boat should be filled to 
cover the sample.

Pure copper in wire form is used instead of rolled copper gauze 
in the end of the combustion tube nearest the azotometer, to 
ensure tight packing of the tube and to obtain close contact of 
the gases with the surface of the hot copper. Copper in the form 
of short lengths of wire is more convenient to use than the spiral 
form and can be more effectively packed in.

The copper is easily made by reducing the regular 0.94-em. 
(0.375-incn) length of copper oxide wire with hydrogen gas in a 
combustion tube.

An electric furnace is used to heat the copper oxide and the 
pure copper wire in the azotometer end of the tube to a tempera
ture of 650° C., a dull red heat. Gas burners are used to ignite 
and burn off the sample, starting cold and gradually heating to 
a maximum of 550 ° C. The burner under the copper oxide spiral 
is lighted first. This prevents the gas from receding towards the 
rear end of the tube. After the spiral is red hot, the second burner 
is lighted with a low flame to allow the sample to burn off slowly. 
In this way the rate of gas flow from the burning sample can be 
regulated very satisfactorily. Towards the end the third burner 
is lighted to ensure carrying the last traces of gases from the 
sample into the furnace section.

Temperatures may be determined in advance of actual intro
duction of the sample by placing a thermocouple in the combus
tion tube and noting approximate setting of the rheostats and gas 
flames. A little experience will quickly familiarize the operator 
with the control of temperature in different sections of the tube.

A convenient method of checking the complete removal of 
nitrogen from the combustion tube is to take readings at 3- or
4-minute intervals after the combustion is apparently complete, 
recording the time and volume on a scratch pad. In this way a 
waste of time is avoided, as the increase in the volume of gas in 
the azotometer rapidly ceases and a constant final volume varying 
within only 0.1 ml. is obtained. Determinations may be made 
in from 35 to 50 minutes, using samples with a total nitrogen con
tent of 0.03 to 0.05 gram of nitrogen.

A two-way stopcock is attached at each end of the train. These 
are very helpful for the following reasons:

The combustion tube may be swept out with carbon dioxide 
while the whole apparatus is completely assembled without hav
ing to pass the carbon dioxide through the azotometer and reduce 
the absorptive power of the alkaline solution. Also the carbon 
dioxide itself may easily be tested for impurities when desired, 
simply by diverting the flow through the two-way stopcock into 
the azotometer.

The carbon dioxide supply can be connected to the opposite 
end of the train during the insertion of the sample. This allows 
one to reverse the flow of carbon dioxide and prevents air from 
entering the apparatus while the sample is being pushed into 
place.
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By careful use of both two-ways, at least 25 determinations 
may be made without repacking the train, although it may be 
necessary to burn off the copper spiral plug directly above the 
first gas burner every 4 or 5 determinations.

The stock azotometer tube has been cut off below the gradua
tions and a bulb sealed on between the graduations and the 
mercury trap. This bulb is approximately 5 cm. (2 inches) in 
diameter and is filled with small glass beads. The extra space in 
the bulb allows the use of an excess of caustic solution and the 
beads serve to break up the gas bubbles and thus facilitate com
plete absorption of the carbon dioxide by the alkaline reagent. 
With this modified azotometer there is no danger of exhausting 
all the alkali during one determination; in fact, the same solution 
has been used for two or more determinations.

A satisfactory source of carbon dioxide is dry ice, finely broken 
up and packed tightly in a 1-liter Pyrex Erlenmeyer flask. Care 
should be taken in filling the flask to avoid visible air spaces. The 
mouth of the flask is connected to the rear end of the combustion 
tube by a piece of bent glass tubing. The flow of carbon dioxide 
is regulated through a Tirrill burner connected by another piece 
of glass tubing as shown in Figure 1. A mercury safety valve 
obviates the risk of breaking the dry ice flask by inadvertent 
closing of the screw valve of the burner. The rubber stopper 
through which the outlet tubing passes is wired into the flask 
to withstand moderate pressure. For safety against possible 
breakage and to prevent too rapid evolution of carbon dioxide,

the flask is wrapped in a towel or placed in a container or shield 
of some sort.

This carbon dioxide generator, when set up and adjusted 
properly, will furnish a dependable supply of pure carbon 
dioxide for a period of about 10 hours.

The following typical results have been obtained using this
assembly:

N itrogen  N itrogen
F ou n d  Theoretical

% %
2 -N itro-3-h exan ol { 9  45 9 .5 2

2 -M eth y l-2 -n itro -l-b u ta n o l { 1 0  53 1 0 .5 3

3-N itro-4-h ep tan ol { | ; ® |  8 .7 0

3-M eth y l-3 -n itro-2-p en tan ol { 9 42 0 .5 2

L itera tu re  C ited
(1) S p ies  a n d  H a rr is ,  I n d . E n g . C h e m ., A n a l. E d . ,  9, 304 (1937 ;.

P r e s e n t e d  before th e  D iv is ion  of P h ysica l and Inorganic C hem istry  a t th e  
96th  M eetin g of th e  A m erican C hem ical S ocie ty , M ilw aukee, W is.

Methods of Representing Distribution of 
Particle Size

J . B . A U S T IN , U n ite d  S ta te s  S te e l C o rp o ra tio n , K ea rn y , N . J .

DISTRIBUTION of size in a particulate material is 
commonly represented by plotting either a frequency 

distribution curve showing the relative number of particles 
within each range of diameter, or a cumulative curve giving 
the fraction of the total number of particles which have a 
diameter greater, or less, than tha t indicated. The curve 
from the first method, which is essentially a differential 
method, resembles a probability curve (see Figure 1), but is 
usually skewed rather than symmetrical as is the normal 
probability curve. The second, essentially an integral 
method, gives an S-shaped curve resembling the ogive or 
integrated probability curve (Figure 2).

Each method has a number of disadvantages: A relatively 
large number of experimental points are required to fix the 
position of the curve, interpolation is sometimes difficult, and 
extrapolation may be uncertain. Moreover, it  is not easy 
to convert the data from one form to the other unless a great 
many measurements have been made. When the experi
mental data give the frequency distribution directly, a large 
number of observations must be made in order to determine 
the course of the curve, but when such measurements are 
available, it  is a simple m atter to convert them to the cumula
tive form. When, on the other hand, only data on the 
cumulative percentage oversize or undersize are available 
i t  is by no means easy to obtain the frequency curve, because 
the conversion involves measuring the slope of the cumulative 
curve along its length and this is usually uncertain unless 
the curve is determined by a great many observations. 
Because of these difficulties numerous efforts have been made 
to find an equation which fits the distribution curves so that 
it  can be used as a guide in interpolation, extrapolation, and 
in expressing the form of one curve in terms of the form of 
the other. The results of these efforts which have been re

viewed by Work (14), leave much to be desired. The simpler 
relations are not satisfactory, whereas the more successful 
ones, such as that derived by Rosin and Rammler (12) for 
broken coal, are somewhat cumbersome to use. I t  is. also 
clear that no single expression will fit the distribution in size 
for all types of material.

An alternative approach to the problem is to use a graphical 
rather than an analytical method and to devise a means of 
plotting which reduces the distribution curves to a straight 
line. If this can be done, the course of the curve can be com
pletely determined, in principle a t least, from two experi

mental observations, 
and in practice a small 
number of points com
monly suffices if the 
range covered is rela
tively wide. In addi
tion, interpolation is 
easy, the data can be 
extrapolated with rea
sonable certainty, and 
the consistency of a 
given set of measure
ments can be judged 
from the deviation of 
individual points from 
the best straight line 
through the set. Here 
again, no single method 
has been found which 
works for all mate
r ia ls , b u t  sev e ra l 
methods of • plotting,

F i g u r e  1. S c h e m a t ic  F r e 
q u e n c y  C u r v e , S h o w in g
T y p ic a l  D i s t r i b u t i o n  o p  

P a r t ic l e  S iz e
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P A R T IC L E  S IZ E

F ig u r e  2 . S c h e m a t ic  C u m u l a t iv e  C u r v e , S h o w in g  
T y p ic a l  D i s t r i b u t i o n  o p  P a r t ic l e  S iz e

method is very convenient. I t  was first used by Drinker (3) 
for the size distribution of dusts, was discussed further by 
Loveland and Trivelli (9), and has been studied in some detail 
by Hatch and Choate (7) and by Hatch (<?). Careful tests 
by Hatch and Choate show that it holds with satisfactory 
accuracy for pulverized silica, granite, calcite, and limestone. 
The author has also used it successfully for a number of other 
materials, as is illustrated by the lines in Figures 3, 4, 5, and 
6, which show typical cumulative curves plotted on log- 
probability coordinates.

Perhaps the most severe test is tha t made in Figure 3 
with data on ground quartz reported by Martin, Bowes, 
Coleman, and Lit tie wood (10). These measurements in
clude observations a t relatively short intervals over the 
whole range of sizes and the final values are the average of 
nine gradings of a single powder.

Another test on clay, using data reported by Norton and 
Speil (11), is shown in Figure 4. Again the points fall on 
a straight line, except for sizes below 0.5 micron. This 
deviation, which is systematic, may represent a slight system
atic error of measurement which is magnified by the extension

of the scale, or it may represent a true departure from the 
straight-line relationship. Even if it is a real departure, no 
serious error is introduced by assuming the straight line 
to hold clown to the smallest sizes. For example, a t a par
ticle diameter of 0.2 micron the observed value is 2.5 per 
cent, whereas linear extrapolation from the larger sizes gives 
5 per cent. Although this difference appears to be large on 
the graph because of the extension of the probability scale, 
it is in fact quite small and in many applications would be 
negligible.

Figure 5 gives data for soda ash and for sodium bicarbonate 
reported by Weber and Moran (13). The scatter of the 
points is greater than in the preceding tests, but there can be 
little doubt that the data are best represented by a straight 
line. Curve D in Figure 5 illustrates one advantage of this 
method of interpretation of the data. Measurements were 
not made over the whole range of sizes but were confined 
to particles of diameter greater than 40 microns. When 
these data are plotted in the ordinary way it is difficult to 
extend them very far beyond the limit of actual observations, 
but when plotted as in Figure 5, they can be extrapolated to 
smaller sizes with some degree of certainty.

Data for powdered alumina reported by Jones (8) are 
shown in Figure 6. In  this case the observations were not 
tabulated, so that it was necessary to read values from curves;

based on the use of special 
coordinates, have been de
vised and have been partially 
successful in 'th a t  they re
duce the cumulative curve 
to a straight line for a 
limited group of substances. 
One of these methods wras 
developed by investigators 
in the field of public health, 
another wras devised by 

coal technologists, but in each case a knowledge of the 
method and of its usefulness does not seem to have become 
widespread. As these methods have wide applicability in 
industrial chemistry and chemical engineering, it seems 
desirable to call attention to them, and to compare their 
usefulness.

10 2 0  3 0  s o
D IAM ETER  IN  A R B IT R A R Y  U M T S

F i g u r e  3 . L o g - P r o b a -  
b i l it y  P l o t  o f  S i z e  D is 
t r i b u t io n  i n  a  S a m p l e  o f  

C r u s h e d  Q u a r t z

L o g a r itlim ic -P ro b a b ility  C oord in ates

The most successful of these methods is to plot particle 
size on a logarithmic scale and cumulative per cent oversize, 
or undersize, on a probability scale—that is, a scale whose 
intervals are based upon values of the probability integral. 
As graph paper with these coordinates is available, this

5 10
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S IE V E  O P E  M UG  ( M/CROHS)

F ig u r e  5 . L o o - P r o b  a b il it y  P l o t  o p  S i z e  D is t r i b u t i o n  
i n  A l k a l i  C a r b o n a t e s

A . D en se  soda ash
B . L igh t soda ash
C. Granular sodiu m  b icarbonate
D . Pow dered sod iu m  bicarbonate

hence, this test is not to be given, the same weight as the 
others. Nevertheless, it is clear from Figure 6 that the data 
fall on a satisfactory straight line.

A study of these illustrations reveals the power of the 
method. If a few observations of cumulative per cent over
size, or undersize, give points which fall on a straight line 
when plotted on these coordinates, one is reasonably justified 
in taking this line for the cumulative distribution curve. 
The frequency distribution curve can then be constructed 
by taking the change in cumulative percentage for each small

increment of size. This is not the slope of the straight line— 
that is, the angle with the abscissa—because this is constant , 
but is the change calculated with reference to scales used. 
In Figure 4, for example, 24 per cent of the particles have a 
diameter less than 0.9 micron and 30 per cent have a diameter 
less than 1.1 microns, or 6 per cent have a diameter lying 
between 0.9 and 1.1, which gives a point on the frequency 
curve.

The examples given in the graphs are all based on dis
tribution by count. I t  can also be shown (6) tha t if this 
distribution gives a straight line, the distribution by weight 
(screen analysis) is a parallel straight line when plotted on 
the same coordinates. The exact relation between these 
lines is discussed in detail below.

In addition to the simple representation of particle size, 
the method has other possible applications. For example, 
in making concrete aggregates it is frequently desired to have 
a definite grading of the sand or gravel. If it is once estab
lished that the size distribution in the sand or gravel used is 
represented by a straight line on log-probability paper, and

F i g u r e  8 . A r it h m e t ic - P r o b a b il it y  P l o t  o r  S iz e  D is 
t r i b u t io n  i n  a  S a m p l e  o p  Z i n c  O x i d e
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if the optimum grading is known, then the straight 
line corresponding to this optimum distribution 
can be used as a standard and the degree of ap
proach to the desired grading can be determined 
from a small number of sieve measurements. 
Again, the straight-line plot may be useful in 
determining whether or not one has a representa
tive sample of a material for chemical analysis. In 
some materials, such as certain iron ores, the com
position is not uniform but varies with thfc size of 
the lumps, so that if a sample contains a larger 
or smaller proportion of fines than the ore as a 
whole, an erroneous analysis is obtained. If the 
grading of the ore as a whole is once established 
and if this grading plots on a straight line, then 
this line can be used as a standard for other 
samples. Thus, if two or three screening measure
ments on a particular sample give points which do 
not he upon this straight line, the sample is not 
representative and should be discarded. I t  is not 
impossible tha t a proper selection of fine or coarse 
particles will give a correct analysis even though 
the size distribution of the sample does not
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substitution of a linear scale of particle size for the logarithmic 
scale. Graph paper having arithmetic-probability coordi
nates is easily obtainable and is very convenient for this pur
pose. Materials which show an approximately normal dis
tribution are relatively rare and are found chiefly among sub
stances produced by a chemical process in which the par
ticles tend to a uniform size rather than among those pro
duced by crushing or grinding. One example is shown in 
Figure 8 in which data on zinc oxide reported by Green (Jf) 
are plotted on arithmetic-probability coordinates.

This method can, of course, be applied to any measurement 
of size, or indeed, to any variation which follows the normal 
probability law. This is illustrated by two examples given 
in Figures 9 and 10. Figure 9, which is based upon data 
given by Daeves (2), shows the observed variation in size 
of a number of drilled holes whose nominal diameter was
15.00 mm. In this case, a relatively few observations on the 
number of holes with diameter above a certain size, which can 
readily be made by means of several rods of known diameter, 
enable one to draw the complete distribution curve. Figure 
10 shows the variation in silicon content in pig iron produced 

by a blast furnace over a period of 6 months, 
and illustrates a close approach to a normal dis
tribution.

R o sin -R a m m ler  R e la tio n

A third method, which reduces the Rosin- 
Rammler relation for broken coal to a straight 
line has been described by Bennett (1). I t
consists in plotting cumulative per cent over
size on a log-log scale and size of lump on a 
log scale and is illustrated by the typical exam
ple shown in Figure 11. This distribution rep
resents a greater departure from the normal 
probability distribution than one which gives 
a straight line on log-probability coordinates. 
This method of plotting has had notable success 
for broken coal and Bennett has suggested that 
it may be applicable to other materials which 
are brittle and which contain minute cracks at 
which cleavage may start, but it  almost certainly 
does not have the wide applicability of the 
logarithmic-probability graph.

In principle, all three of these methods 
cover the entire range of sizes from zero to 
infinite diameter—that is, the cumulative per-

PARTtCLE SIZE tINCHES)

S iz e  D i s t r i b u t i o n  i n  R a w  C o a l  
t o  R o s in - R a m m l e r  R e l a t io n  ( a f t e r

P l o t t e d  A c c o r d -  
B e n n e t t )

conform to the standard, but the chance of obtain
ing just this selection is very small and it is much 
safer to use only samples which give a fairly close 
approach to the grading of the material as a whole.

Logarithmic-probability paper can be applied to 
distributions other than size. For example, Figure 7 

-shows the distribution of sulfur in iron taken a t 
different times from an “active mixer.” The curve 
was obtained with far less labor than that necessary 
in plotting a frequency or cumulative curve in the 
ordinary manner.

A rith m etic -P ro b a b ility  C oord in ates
For a few substances, distribution of size ap

proaches the normal probability distribution fairly 
closely. When this happens the cumulative curve 
plots as a straight line when particle size is plotted 
on a linear scale and cumulative per cent oversize, 
or undersize, is represented on the probability scale. 
This method differs from the preceding one in the

F i g u r e  11. 
in g
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centage reaches 100 only when the particle diameter be
comes zero or infinite—whereas in all measurements the 
observations cover but a finite range of size, since the 
cumulative percentage oversize becomes 100 for the small
est particle in the sample, whose diameter is greater than 
zero, and becomes zero for the largest particle, whose di
ameter is some finite size. This means tha t the methods 
cannot hold rigorously for the extremes in particle size. 
Experience shows, however, tha t in practically every case 
measurable departure occurs only above 99 per cent or below 
1 per cent, where observations are least reliable and where 
the extension of the probability scale becomes enormous. 
This limitation is, therefore, of little practical significance. 
I t  is possible that the deviation a t small sizes which appears 
in Figure 4 may arise from this cause.

C a lcu la tio n  o f  A verage D ia m eters

I t  has been shown by Green (5) that a number of properties 
of a powder—as, for example, the specific surface (surface 
area per unit weight)—can be calculated in terms of certain 
average diameters. The calculation of these diameters is 
greatly facilitated by the use of these methods of plotting.

The diameter, A, of a hypothetical particle having average 
surface area is

whence

= V2(jix2) 
2 n (1)

where n is the number of particles having diameter x. Simi
larly, the diameter, D, of a hypothetical particle having the 
average volume is

D <!]!(nd3) 

2  n (2)

where n is the number of particles having volume d. The 
average surface, s, and the average volume, v, of the particles 
are then given by

s =  a  A 2 

v  =  v D 3
(3)
(4)

where a  and v are shape factors depending upon the geometric 
shape of the particles. The specific surface, S, can be 
written

S — u tf/vpD 1 (5)

where p is the density of the particles, assumed to be the 
same for all. Now the summations 2(n<i2) /2 »  and '2(nd3)/'Zn 
can be expressed in terms of quantities which can be taken 
directly from a graph of the type shown in Figures 8 or 4.

A i i i t h m e t i c - P r o b a b i l i t y  C o o r d i n a t e s . The equation 
for the normal probability distribution is

2ti — (x ■ n — — e l 
a y /2 v

(6)

where n is the frequency of occurrence of particles having 
diameter x, 2n  is the total number of observations, M  is the 
arithmetic mean of the diameters, and can be regarded as a 
constant which fixes the position of the curve, and <r is the 
standard deviation, which determines the shape of the curve 
and is numerically equal to the difference between the values 
of x  for 50 per cent and 84.13 or 15.87 per cent.

Combining Equations 1 and 6

A 2 =
2 ( nx2) 

2  n
1

j"v/2xzji1
0  t o  (7)

A2 = M2 +  <r2 +  4<rAf/V2i (8)

Similarly, combining Equations 4 and 8

D3 =

whence

2  (nx3) 
2  n

= _ l _  r+<
a y /  2 x  J  — m

-  AOV2° ' d x  (9 )

D3 = M 3 +  +  3 a m  +  (10)
V27T v 27T

Now M, the mean size, and a, the standard deviation, can 
be read directly from a graph such as is shown in Figure 8, 
M  being the value of x for 50 per cent on the ordinate (0.49 
micron in Figure 8) and cr being the difference between the 
values of x corresponding to 84.13 or 15.87 per cent (0.09 
micron in Figure 8). Consequently, A2, D3, and in turn S  can 
be quickly computed.

L o g a r i t h m i c - P r o b a b i l i t y  C o o r d i n a t e s . The equation 
for the frequency curve using a logarithmic scale for size 
becomes

2n
l o g  aa y /2 n

— (log I  — log  M „ ) ' /2 log! <x„ (11)

where M , is the geometric mean of the values of x, and <r0 
is the geometric standard deviation. The value of M „ is the 
value of x corresponding to 50 per cent oversize and a, is 
given by the ratios

_  size at 84.13 per ccnt _  size at 50 per cent 
size at 50 per cent size at 15.87 per cent

Both parameters can therefore be obtained from the log- 
probability graph (see Figure 4).

Equations relating to Green’s average diameters to M g and 
crt have been derived by Hatch and Choate (7) and are

log A 2 = log +  4.6052 log2 a„ (12)
log D3 = log AV +  10.3617 log2 a, (13)
log S  = log a/pv — log Mt — 5.7505 log2 a, (14)

where the symbols have the same meaning as in Equations 
5 and 7.

The foregoing relations are based on frequency measure
ments by count. They have been extended by Hatch (6) to 
cover size-frequency distributions based on screen analysis 
and measurement by weight. He has shown tha t if a given 
distribution follows the logarithmic-probability relation by 
count it  must also follow it when measurements are made by 
weight (screen analysis); moreover, the curves for the two 
distributions plot as parallel lines on log-probability paper. 
The conversion can be made on the basis that

log Mg — log M0' — 6.9078 log2 a (15)

where M ,' and cr/ are, respectively, the geometric mean and 
geometric standard deviation derived from the weight (screen- 
analysis) curve. Scrcen measurements for this purpose 
should be carried out with sieves which have been calibrated 
by methods which are described in detail by Hatch.

R o s i n - P lAMM l e r  E q u a t i o n . The Rosin-Rammler equa
tion as given by Bennett (1) is

R = 100e- ( l / i ) * (16)

where R  is the percentage of the total number of particles 
which have a diameter greater than x, and x  and b are con
stants which characterize the distribution for each sample. 
(The symbol b has been substituted for the n  used by Bennett 
in order to avoid confusion with the symbol used for the
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number of particles having a given diameter.) The parame
ters x and b can be evaluated from a graph such as is 
shown in Figure 11. Equation 18 shows tha t when x = x, 
R  =  100/e =  36.79 per cent, so tha t the value of x  can be 
read directly as that value of x a t which the percentage over
size is 36.79, or a t which the percentage undersize is 63.21. 
This is illustrated in Figure 11 by the intersection of the line 
for the size distribution with the dot-dash horizontal line 
a t R — 63.21 per cent, in this case, x = 6.25 cm. (2.5 inches). 
The constant x is therefore a measure of the magnitude of the 
size of the particles considered and in this respect is analogous 
to M  and M„ in the preceding equations. The value of 
parameter b is given by the slope of the curve. I t  is a meas
ure of the dispersion of the distribution, tha t is, if b is large, 
the particles are closely grouped in diameter, whereas if 6 is 
small, the particles, are distributed over a relatively wide 
range. The constant b is therefore analogous to a in the 
preceding equations.

The form of Equation 17 makes it difficult to express 
Green’s average diameters, or the specific surface, in terms 
of x  and b.

S u m m a ry
I t  is desirable for many reasons to be able to plot a cumula

tive size-distribution curve as a straight line. If this can be 
done, the number of measurements can be reduced, inter
polation becomes easier, extrapolation becomes more reliable, 
the consistency of the observations can be judged a t a glance, 
the calculation of average diameters is facilitated, and the 
frequency distribution curve can be readily obtained. No 
single method of plotting which is applicable to all materials 
has been found, nor is it likely tha t one exists. There are, 
however, three methods which have proved successful for

certain classes of substances. The most widely applicable 
one is to plot particle size on a logarithmic scale and cumula
tive per cent on an integrated probability scale. I t  gives 
satisfactory results for crushed or ground materials such as 
silica, granite, limestone, clay, sodium carbonate, and alumina. 
The second is the Rosin-Rammler method which plots size 
on a log scale and cumulative per cent on a log-log scale; it 
has been notably successful with broken coal. The third 
method, which appears to have only a very limited appli
cability, is to plot size on a linear scale and cumulative per 
cent on the integrated probability scale.

These methods have a possible application to the determina
tion of whether or not one has a representative sample on a 
material whose composition varies with size of lump, and 
can even be extended to distributions other than size, such as 
the variation with time of the composition of pig iron from a 
given furnace.
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Improved Form of Jones Reductor
P . N IL A K A N T A N  A N D  N . JA Y A R A M A N , In d ia n  I n s t i t u t e  o f  S c ie n c e , B a n g a lo r e , In d ia

I N THE course of analytical work which 
involved the estimation of iron, the 

authors have found a modified form of 
Jones reductor very convenient.

In the usual form (1), shown at right of 
Figure 1, hydrogen collects just below 
the zinc column and cannot escape freely. 
This gives rise to two disadvantages in 
manipulation: (1) The free and steady
flow of the acid solution is impeded. (2) 
Since in resetting the reductor for a fresh 
experiment the zinc has to be washed 
thoroughly and all the accumulated gas 
displaced by distilled water, and since 
this cannot be accomplished easily either 
by passing a swift stream of water through 
the reductor or even by applying suction, 
it often becomes necessary to remove the 
reductor from its support to displace the 
gas. The improved form obviates both 
these difficulties. The wide tube is bent 
round at the bottom, as shown, and the 
gas which collects below the zinc rises in 
the narrow tube and is automatically 
pushed out by the solution. Hence, it 
cannot accumulate to any undesirable

a. A m algam ated  zinc granules
b. G lass w ool or asbestos pulp
c. G lass beads
d. Perforated porcelain disk

extent and thereby impede the flow. For 
washing the apparatus finally and for 
displacing any remaining gas bubble be
fore commencing a fresh experiment, all 
that is necessary is to run down water 
in a brisk stream through the tube with 
the stopcock fully open.
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Large-Size Extractor for Liquids
F R E D E R IC K  W . SC H R E IB E R  

934 B r ill S t . ,  P h ila d e lp h ia , P en n a .

DURING the isolation of certain alkaloids from aqueous 
concentrates, it became necessary to employ some 

method whereby sizable quantities of solution could be ex
tracted continuously with ether until alkaloid-free. Al
though many authors (1, 2, 4, 5, 7) have described large- 
scale apparatus for the extraction of solid material, the writer 
has been unable to find in the literature any description of a 
plant-size extractor for liquids. Employing 'the principles 
embodied in the liquid extractor described by Palkin (6), an 
apparatus has been built for the extraction of 40-liter batches 
of liquid by lighter-than-water solvents.

D escr ip tio n  o f  E xtractor

As shown in Figure 1, A is a glazed earthenware 60-liter crock 
equipped with lid. A hole 25 mm. in diameter has been drilled 
in the center of the lid, and a similar hole drilled in the side of the 
crock about 15 mm. above the 40-liter level. B is an ice bath

used when the material being extracted is unstable at room tem
perature. C and C' represent six hollow cylinders sealed at 
one end and constructed of Aloxite brand porous corundum 
(medium grade). These cylinders are attached by corks to the 
six legs of a radial glass manifold, which, in turn, is connected by 
means of 15-mm. glass tubing to the 500-cc. aspirator bottle, E. 
The remaining parts of the extractor consist of three Allihn 
condensers, F, F , F", a spherical condenser, G, a 12-liter Pyrex 
balloon flask, I ,  and miscellaneous glass fittings such as are found 
in every laboratory. K  is made of 40-mm. glass tubing, the 
short leg of which has been tapered to meet the T-tube at L. 
M  is a cork “umbrella” to prevent condensed moisture from run
ning into E.

O p eration  o f  E xtractor

The aqueous concentrate to be extracted is placed in A  and, 
if necessary, is diluted to 40 liters. The solvent (ether in this 
case) is placed in 7 along with the necessary acid solution, if the 
alkaloid is to be converted immediately into a salt. The solvent 
is brought to a boil by means of water bath J, the vapor passes 

up through K, is condensed by F, F', and G, and 
drops into E. The purpose of E  is to enable the 
operator to follow the rate of flow. The solvent 
passes from E  down into the porous cylinders, 
from which it emerges as a fine spray. As this 
spray rises through the aqueous liquid, it extracts 
the alkaloid and spills through the side outlet back 
into I. F" prevents hot vapors from I  from 
passing into A  and heating the liquid. Portions 
of solvent are drawn off at N  from time to time 
and tested chemically to determine completion of 
extraction.

This extractor has been in use in the writer’s 
laboratory for over a year for the extraction of 
the recently discovered ergot alkaloid, ergono- 
vine. At an approximate concentration of
0.025 per cent this particular alkaloid is com
pletely extracted by ether in 10 to 12 hours’ 
operation of the extractor, as evidenced by a 
negative test with Glycart’s modification of 
Smith’s reagent (8). Less than 500 cc. of 
ether is lost during an 8-hour extraction. The 
size of the setup can be varied to accommodate 
the volume of liquid to be extracted.
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The Services of Émile M. Chamot 
to Chemical Microscopy

suitable for the variety of work encountered in technical 
laboratories. Besides this, he had to do a great deal of what 
he calls “preaching” , by precept and example, to show chem
ists how illuminating microscopical studies can be, and how 
economical of time and labor. All this was inspired, not by 
any desire to glorify micromethods for their own sake or to 
monopolize a specialty, but simply because of his tireless per
sonal enthusiasm for the work and because he was convinced 
of its general value.

Chamot’s services as a chemist, a teacher, and a citizen have 
previously received tribute (2), but his unique role in the 
development of chemical microscopy can best be appreciated 
in terms of his career.

E d u ca tio n
As a boy in Buffalo, his birthplace, he enjoyed the formative 

hobby of nature study with the Naturalists’ Field Club, and 
was encouraged in biological and mineralogical pursuits that 
proved invaluable adjuncts to chemistry and microscopy.

In his student days at Cornell, his life interest was probably 
conditioned by his senior thesis under G. C. Caldwell in 1891, 
for it involved a great deal of microscopical work on the vari
ous crystalline phases obtained in the hydrolysis and reduc
tion of lead nitrate and nitrite. During the summer he 
supplemented this study by photomicrography of his prepara
tions. [Caldwell’s appreciation of the value of chemical 
microscopy was evidenced by more than one instance—a 
classmate, Lomax, had as a thesis topic the microscopical 
identification of alkaloids based on Wormley’s methods (5).] 
This, together with emphasis on plant constituents and toxi
cology in analytical chemistry under Caldwell, undoubtedly 
stimulated Chamot’s interest in the organic aspects of 
microscopy.

A year in Europe, after receiving his doctorate in 1897, was 
important, not primarily because of the training in toxicology 
with Macé, its primary objective, but because it brought him 
in contact with Behrens a t Delft. Chamot had previously 
familiarized himself with Behrens’ system of inorganic quali
tative microscopical analysis (1) but was fortunate in sharing 
in the detailed instructions which Behrens was giving to Kley, 
his new assistant, in preparation for the course that was 
about to be offered formally for the first time. Chamot was 
thus perhaps Behrens’ first pupil. On leaving, he asked how 
he could repay his master; the reply was “Start some courses 
in America.” Chamot has repeatedly acknowledged his in
debtedness to Behrens, whose novel methods and reagents 
still stand as the greatest contribution to chemical microscopy 
and have been improved but not supplanted by the work of

THE origin and advancement of a field of science are rarely 
to be ascribed to one man; Emile M. Chamot’s modesty 
would prevent him from accepting credit for creating chemical 

microscopy, but his pioneer work in developing it and in en
couraging its application certainly entitles him to be called its 
foremost exponent if not its father.

I t  was not merely a case of the time’s being ripe; although 
valuable methods and facts were already available in chemis
try  and in allied sciences, and microscopes were beginning to 
be used in chemistry and technology, the work was scattering 
and unrelated, its value was not generally recognized, and 
chemists showed little interest in the microscopical approach 
to their problems.

Chamot’s work involved the organization of existing in
formation and its presentation in a form usable by chemists, 
together with the development of methods and instruments

É m i l e  M. C h a m o t
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his followers, Emich, Donau, Schoorl, Denigès, Haushofer, 
Element and Renard, and others.

D ev e lo p m en t o f  C h em ica l M icroscopy

The first fruit of Chamot’s studies was a series of papers on 
microchemical analysis which appeared in the Journal of 
Applied, Microscopy between the years 1899 and 1902. In 
them he described a chemical microscope, which Bausch & 
Lomb had just produced in accordance with his specifications, 
and reviewed the equipment and methods for microscopical 
qualitative analysis; many original illustrations and new 
procedures were included.

As early as 1900, the Department of Chemistry at Cornell 
was offering two formal courses in microchemical analysis, a 
term each of inorganic and organic; in 1902 microscopy of 
foods was also given. (A photograph of the main chemistry 
lecture room in 1889 shows large charts of interference figures, 
and a 1-hour course in microscopy appeared in the announce
ment for 1890; evidently Caldwell’s interest considerably 
antedated Chamot.) These are probably the earliest courses 
in America in this field, though Hinrichs (S) a t St. Louis was 
active at about this time. Instruction in chemical microscopy 
has continued a t Cornell since the beginning of the present 
century, and Chamot continually developed and extended its 
scope; because he held at different times instructorships in 
almost all the courses of the department he was peculiarly 
fitted to recognize the value and the relationships of micro
scopical methods to the various divisions of chemistry in aca
demic, forensic, and technical work.

Fortunately, Caldwell's successor as head of the depart
ment, L. M. Dennis, believed strongly in the value of optical 
methods (courses in polarimetry and refractometry and in 
spectroscopy were offered as early as 1892), and Chamot was 
able to build up the equipment of the laboratory as need 
arose; a photograph shows a t least nine microscopes in 1905, 
and twenty or more in 1915.

At first the courses offered were primarily in microscopical 
analysis; soon it became evident, from Chamot’s own experi
ence and from that of his students, that many other aspects of 
microscopy were of potential value to chemists in industry and 
research, and a course in general microscopical methods cover
ing micrometry, quantitative estimations, and crystal studies 
was offered. At an alumni conference it was recommended 
tha t training in microscopical methods be required of all 
students specializing in chemistry at Cornell and when the 
degree of bachelor of chemistry was established in 1911, such a 
course was made part of its curriculum and has continued, 
although the degree has been superseded by that of chemical 
engineer. At a rough estimate, between two and three thou
sand American chemists have had a t least an introductory 
training directly under Chamot, and although only a fraction 
of these may have done much subsequent microscopical work, 
they have all had the benefit of his critical thinking and 
emphasis on careful observation and interpretation, as well as 
a  vivid recollection of the small-scale aspects of chemical phe
nomena so unforgettably demonstrated in the laboratory 
experiments which he devised.

Chamot’s influence outside his classes was ever widening, 
by lectures and consultation, continually stressing the impor
tance of direct and rapid microscopical approach to new prob
lems of industry and research. His stories of actual cases 
from his own vast experience, where a close-up showed holes in 
what appeared to be a blank wall, are still remembered by 
those who had the pleasure of hearing him a t meetings of 
local sections and other societies.

At first he had, like Behrens, used the term “microchemis
try ” , but with his growing realization of the importance of 
physical and physicochemical factors in chemical behavior,

and with the contemporary development of quantitative 
microanalysi$ by Emich and Pregl, he felt the need for a 
designation of the miscellaneous related kinds of microscopical 
work that chemists have to do, and coined the term “chemical 
microscopy” about 1914.

In 1915, his “Elementary Chemical Microscopy” embodied 
in book form the instruction that had hitherto been available 
only to his students. The reception of this work and of its 
successor, “Handbook of Chemical Microscopy” , by chemists 
and workers in allied fields is indicated by the fact that their 
purchases have always far exceeded those for class use. 
Chamot’s service to American chemistry was rendered more 
than inspirational, for he supplied the first compendium of 
selected information and methods of real utility to the inde
pendent investigator, not only for the analysis of minute 
samples but for technical studies where preparation methods 
and observations of physical conditions or properties were of 
primary importance. Chamot’s book greatly aided in the 
spread of instruction in chemical microscopy, by his students 
or by faculty members in other institutions. By 1920, one or 
more courses closely patterned after those at Cornell were being 
offered in a t least three other universities, and the number has 
increased several times since then.

As his students have gone out into industry they have car
ried his inspiration, and have been willing to “try  the micro
scope first instead of last.” In many of the larger research 
and control laboratories extensive applications of chemical 
microscopy have been the direct result of his teachings and of 
his forceful presentation of its potentialities in new fields.

His influence has not been confined to America; students 
from abroad, correspondence with investigators in other 
countries, and references to his work in foreign journals attest 
this. In 1924-25 he was an exchange professor in France, 
representing seven eastern universities. His lectures and 
conferences a t a score or more of educational institutions 
aroused much interest in chemical microscopy, and were an 
important contribution to science in the country of his fore
bears.

Unfortunately, during this busy period of absence, the 
Technical Photographic and Microscopical Society, of which 
he was a founder and the first president, declined and has 
since been disbanded, but its existence was indicative of the 
dissemination of microscopical methods in various fields of 
technology at that time. Their importance received official 
emphasis in the following statement, from the report of a 
committee of the National Research Council, on “The Educa
tion of the Research Chemist” : “The microscope has come 
to be so valuable a part of research laboratory equipment 
that every research chemist should be well trained in its 
use” (4). Chamot’s “preaching” was the direct cause of this 
attitude and of the leadership which American chemists 
have maintained in the broader applications of chemical 
microscopy.

Modest and shunning publicity, Chamot has given freely 
of advice and experimental assistance in innumerable investi
gations, without thought of personal recognition. His 
knowledge of biology has been invaluable, not only in his 
early work on toxicology and in his later development of 
sanitary chemistry and food analysis at Cornell, but also be
cause it enabled him to cooperate with botanists, animal 
histologists, and bacteriologists, with intelligent insight and 
novel and convincing microscopical methods of attack.

The services of Professor Chamot received conspicuous 
recognition by the award in 1937 of the Longstreth Medal of 
the Franklin Institute “for meritorious work in chemical 
microscopy” , but he derives far greater satisfaction from the 
contributions his students have made to the extension of this 
field, and from the increasing utilization of its methods by 
chemists, geologists, biologists, and metallurgists.
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Relieved from teaching duties, he continues active in re
search and writing. Long may the light of his life work 
illuminate chemical microscopy; its secondary radiations will 
ever continue to clarify obscurity of observation and inter
pretation in the realm of microns.
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Determination of Bismuth in Biological Material
A Photom etric D ithizone Method

D O N A L D  M . H U B B A R D  
K e tte r in g  L a b o r a to r y  o f  A p p lie d  P h y s io lo g y ,  U n iv e r s ity  o f  C in c in n a t i ,  C in c in n a t i ,  O h io

RECENT experimental studies on the physiological be
havior of bismuth required an adequate analytical 

method for dealing with less than 5 micrograms in biological 
material.

A spectrographic method has been developed by Cholak
(S) by means of which quantities of 1 microgram or more can 
be determined, but the literature failed to disclose the exists 
ence of a chemical method with the requisite sensitivity. 
Tompsett (S) has'described a method for the determination 
of bismuth in biological material using thiourea following the 
isolation of bismuth with diethyldithiocarbamate, but he 
gives no analytical data and does not discuss the application 
of the method to amounts of bismuth below 5 micrograms. 
Haddock (6) determines bismuth colorimetrically as the 
iodobismuthite ion following its isolation with dithizone, 
but his method applies only to values between 5 and 100 
micrograms. Fischer (5) pointed out the high sensitivity of 
dithizone in the detection of bismuth, and suggested the 
possibility of using a "mixed color” technique in the determina
tion of bismuth with dithizone (4).

A method based on these suggestions is reported herein. 
Unlike lead (7), however, bismuth is not extracted quanti
tatively from mixtures of extraneous salts and must therefore 
be isolated as the sulfide before proceeding with the dithizone 
extractions. The method has the necessary sensitivity and 
has proved reliable for all ranges of concentrations likely to 
be encountered.

R ea g en ts
Ordinary high-grade chemicals may be used for all steps up 

to the point of separation of bismuth from lead (extraction 2). 
Since any lead present in the reagents used beyond this point is 
estimated as bismuth, reagents for the final step must be purified. 
The precautions to be taken are as follows:

Ammonia used to prepare the ammonia-cyanide mixture is 
freshly distilled in glass. Potassium cyanide as a 50 per cent 
(weight by volume) aqueous solution is treated with dithizone 
in chloroform (20 mg. per liter), the dithizone entering the aque
ous phase being reduced to a minimum by repeated treat
ment with clear chloroform (2). The purified solution is then 
diluted with distilled water to the proper strength as required 
for the ammonia-cyanide mixture (7). The dithizone used to 
prepare the extraction solutions for extractions 2 and 3 is purified 
ana the chloroform used for solution is redistilled and specially 
treated to prevent oxidation, by methods previously described 
(I, 7). Nitric acid (1 +  99) used in extraction 2 is prepared from 
nitric acid once distilled in quartz (specific gravity 1.40) and the 
distilled water is further redistilled from a Pyrex glass still.

G lassw are
The graduated Squibb (Pyrex) separatory funnels used (7) 

must be clcaned meticulously with hot nitric acid (1 +  1) and

distilled water to ensure removal of any bismuth present as sur
face contamination from previous use. This cleansing must be 
repeated for funnels used in extraction 2 to prevent contamina
tion by surface lead.

A p p aratu s
A Bausch & Lomb spectrophotometer is employed for density 

measurements. Readings are taken with the monochromator 
set of 505 mu. The instrument is equipped with matched pairs 
of cells, which have been described previously (7).

P rocedure
P r e p a r a t i o n  o f  S a m p l e s . Samples of biological material are

E repared for analysis by dry or wet ashing methods as described 
y Cholak (3) except that 1 mg. of coppcr is added to serve as 

an entraining agent during the isolation of bismuth as the sulfide. 
The filter paper containing the sulfides is treated with 25 ml. of 
nitric acid (1 +  9), in the original beaker used for gassing, and 
the mixture is gently heated to effect solution of the sulfides. The 
filter paper and free sulfur are removed by filtration through a 
type 3G4 filter of fritted glass (Jena). After alternate washing 
of the filter with hot nitric acid (1 +  1) and hot distilled water, 
the filtrate and washings are returned to the original beaker and 
evaporated to low volume.

E x t r a c t i o n  1 ( R e m o v a l  o f  C o p p e r ) .  The sample thus pre
pared is transferred to a 125-ml. graduated Squibb-type separa
tory funnel by alternately washing the beaker with hot nitric 
acid (1 +  1) and with hot distilled water. After dilution to 50 
ml., 3 drops of thymol blue (Clark and Lubs) and 5 ml. of potas
sium cyanide solution (10 per cent weight by volume) are added 
and the pH of the solution is adjusted to 9.5 with concentrated 
ammonia. Bismuth and lead are extracted as the dithizonates 
by successive additions of 5-ml. portions of dithizone in chloro
form (20 mg. per liter). The number of 5-ml. portions used 
serves as a preliminary guide to the amount of bismuth present, 
since each 5-ml. portion extracts approximately 25 micrograms 
of bismuth. Bismuth dithizonate imparts a bright orange color 
to the chloroform phase. The last 5-ml. portion, which should 
show no change in color, is withdrawn as completely as possible. 
The aqueous layer is shaken twice with 2-ml. portions of clear 
chloroform and the chloroform phases are added to the previous 
extracts. The aqueous phase is then treated with 2 ml. of con
centrated nitric acid and the solution is readjusted to pH 9.5 
with dilute ammonia (1 +  9). Ten milliliters of dithizone solution 
are then added as above and withdrawn, followed by one 5-ml. 
portion. The combined extracts containing bismuth and lead 
dithizonates plus uncombined dithizone in chloroform are next 
washed with 25 ml. of distilled water. After separation of the two 
phases the aqueous phase is shaken twice with 2-ml. portions of 
clear chloroform; the latter are added to the chloroform phase, 
but the wash water is discarded.

Depending upon the amount of bismuth present, either the 
whole or an aliquot of the total extract containing not more than 
50 micrograms of bismuth is taken for extraction 2. This is 
shaken twice with 25-ml. portions of nitric acid (1 +  99). The 
chloroform-dithizone phase is discarded and the collected acid 
phase is treated with clear chloroform to expell the last traces 
of the dithizone-chloroform phase.
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E x t r a c t i o n  2  ( R e m o v a l  o f  L e a d ) .  T o  t h e  a c i d  a q u e o u s

Ehase obtained above, 3 drops of ?n-cresol purple (Clark and 
ubs) are added and the pH of the solution is adjusted to 2 by 
the addition of dilute ammonium hydroxide (1 +  9). Bismuth 

is now extracted by successive additions of 5-ml. portions of 
dithizone in chloroform (20 mg. per liter) in the same manner as 
in extraction 1, except that the dithizone solution used is treated 
with nitric acid (1 +  99) to ensure removal of lead. The range is 
now definitely placed and the chloroform fractions are collected 
in a clean separatory funnel. (Separatory funnels used for this 
step as well as the step to follow must be scrupulously clean.) 
Bismuth free from lead (9) is now brought into solution as the 
pure nitrate in 50 ml. of nitric acid (1 +  99) by the use of two 
25-ml, portions of acid as in extraction 1.

E x t r a c t i o n  3 ( E s t i m a t i o n  o p  B i s m u t h ) .  For the final esti
mation, bismuth is extracted a third time by means of chloroform- 
dithizone solutions of various strengths, depending upon the 
range. The technique of estimation is identical with that de
scribed previously for lead (7) except for the following modifi
cations:

1. The 50 ml. of nitric acid (1 +  99) containing pure bismuth 
nitrate are freed from entrained chloroform either by applying 
air suction over the surface to remove droplets of chloroform or 
by normal evaporation. Excess chloroform at the base of the 
liquid is drawn off as completely as possible (#).

2. Potassium cyanide, purified as described under "reagents”, 
is used to make the ammonia-cyanide mixture.

3. To guard against lead contamination the chloroform phase 
containing bismuth dithizonate plus excess dithizone is removed 
directly through the funnel stem into the proper-sized cell (2), 
traces of water in the stem having first been removed by swabbing 
with an ordinary pipe cleaner folded at one end to produce a 
snug fit.

4. A reagent blank need not be considered since bismuth is 
not a common contaminant of reagents used (3).

5. The ammonia-cyanide mixture and all chloroform solutions 
of dithizone are stored in a refrigerator to increase their stability
(2). As a further safeguard the dithizone solutions are stored in 
lightproof containers.

6. The concentrations of the various dithizone solutions have 
been increased, as shown in Table I.

T a b l e  I. D i t h i z o n e  C o n c e n t r a t i o n

D ith izon e V olum e
R ange C oncentration  U sed C ell

M icrogram s M g ./li te r  M l. M m .

0 -  5  6  10 50
0 -2 5  12 25 25
0 -5 0  24 25 12

Working curves obtained for the various ranges by the 
use of pure bismuth nitrate solution in chloroform-saturated 
nitric acid (1 +  99) are obtained in a manner similar to that 
used for lead (7). The slopes of the curves for corresponding 
ranges are somewhat steeper, however, in the case of bismuth. 
Pure metallic bismuth is used to prepare the nitrate solutions.

A n a ly tica l R e su lts
In Table II are listed results obtained by the analysis of 

100-ml. urine samples (in triplicate) containing known added 
quantities of bismuth. In Table I I I  are listed results ob
tained by the analysis of 10-gram samples of rabbit blood 
(in triplicate) containing known added quantities of bismuth.

D iscu ss io n
Interfering elements are stannous tin, monovalent thallium, 

and lead. Stannous tin is oxidized and removed during 
the course of analysis (7). Monovalent thallium and lead 
are removed during extraction 2; the former, however, has 
not been encountered in biological material.

In order to prevent the precipitation of Ca++, Fe+++, and 
POt ions when the solutions are adjusted to pH 9.5, ex
cessive amounts of ammonium citrate must be added. When 
this has been done the writer has been unable to extract 
bismuth quantitatively from prepared solutions of biological 
material such as blood and urine, even though he followed the 
procedure, outlined by Haddock (6), of using a relatively 
strong chloroform-dithizone solution (1 gram per liter) for 
extraction. However, no difficulty was encountered when

the bismuth was first isolated as the sulfide, copper being used 
as the entraining agent to effect the removal of minute quan
tities. The excess copper added does not complicate the 
method, since it is “complexed out” by means of potassium 
cyanide in the first extraction.

T a b l e  II. A n a l y s i s  o f  U r i n e

R ange U sed B ism u th  A dded BiBmuth Found
M icrogram s M icrogram s M icrogram s

0 -  5 N il 0 .1
0 -  5 N il N il
0 -  5 N il 0 .1
0 -  5 1 .0 1 .1
0 -  5 1 .0 1 .0
0 -  5 1 .0 1 .2
0 -  5 5 4 .8
0 -  5 5 4 .9
0 -  5 5 5 .0

0 -2 5 15 1 4 .5
0 -2 5 15 1 5 .0
0 -2 5 15 1 5 .0
0 -5 0 50 49
0 -5 0 50 50
0 -5 0 50 50
0 -5 0 500 470
0 -5 0 500 470
0 -5 0 500 480

However, excessive amounts of potassium cyanide en
trained in the combined extract obtained during extraction 
1 subsequently prevent the complete extraction of bismuth 
as the dithizonate from the acid phase adjusted to pH 2. 
For this reason the combined dithizone extracts are washed 
with distilled water before proceeding to the conversion of the 
bismuth dithizonate to bismuth nitrate with nitric acid (1 +  
99). All the potassium cyanide is not removed, but the 
portion remaining is not harmful.

T a b l e  III. A n a l y s i s  o f  B l o o d

R ange U sed B ism u th  A dded B ism u th  Found
M icrogram s M icrogram s M icrogram s

0 -  5 N il N il
0 -  5 N il 0 .1
0 -  5 N il 0 .2
0 -  5 1 .0 1 .2
0 -  5 1 .0 1 .0
0 -  5 1 .0 1 .0
0 -  5 2 .5 2 .6
0 -  5 2 .5 2 .4
0 -  5 2 .5 2 .5
0 -  5 5 .0 5 .0
0 -  5 5 .0 4 .9
0 -  5 5 .0 5 .0

0 -2 5 15 15
0 -2 5 15 15
0 -2 5 15 1 4 .5
0 -5 0 50 47
0 -5 0 50 48
0 -5 0 50 48

Particularly important was the discovery that when quan
tities of bismuth in excess of 50 micrograms are extracted dur
ing extraction 1, some bismuth dithizonate as well as some 
pure dithizone remains in the aqueous phase. This is due, 
of course, to the partition coefficient of the bismuth dithi- 
zonate between the two phases. The greater solubility of the 
bismuth dithizonate in chloroform suggested a means for par
tially overcoming this difficulty: The aqueous phase following 
its initial apparent complete extraction is reacidified with 
nitric acid, and extracted again with dithizone after again ad
justing the pH to 9.5. Preliminary washing of the extracted 
aqueous phase with the 2-ml. portions of clear chloroform is 
also beneficial, since an appreciable amount of bismuth dithi
zonate is removed from the aqueous phase—frequently it is 
enough to cause a decided color change in the chloroform 
used. The following experiment indicates the magnitude 
of the loss likely to occur. When 50-microgram portions of 
bismuth as the pure nitrate were taken through the extrac
tion procedure without regard to re-extracting the aqueous 
phase in extraction 1, only 86 per cent of the added bismuth 
was recovered. On the other hand, when the aqueous phase
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from extraction 1 was treated as described above, recoveries of 
99 per cent were obtained.

An efficient method was adopted for preparing and keeping 
dithizone solutions. A chloroform-dithizone solution (6 mg. 
per liter) prepared from purified dithizone and chloroform re
distilled and treated with hydroxylamine (1, 7) has been in 
use intermittently for a period of 6 months without showing 
signs of deterioration.

Positive findings for the blank determinations shown in 
Tables I I  and I I I  are not due to bismuth, but are due partly 
to errors in density readings and partly to the fact that minute 
quantities of lead introduced through contamination after 
extraction 2 have been estimated as bismuth.

Although the analytical results shown in Tables I I  and III  
have been obtained with 10-gram samples of blood and 100- 
ml. samples of urine, the method can be applied to larger or 
smaller samples, depending upon the concentration of bis
muth present and the amount of material available.

S u m m a ry

A photometric “mixed color” dithizone method for the de
termination of bismuth, applicable to biological material, has 
been devised. Quantitative extractions are made possible by

isolating the bismuth as the sulfide, interference by other 
metal sulfides being prevented by complex salt formation 
with potassium cyanide and specific separation of the bis
muth at pH 2.

Although used specifically for the analysis of blood and 
urine samples, the method is applicable to other materials. 
I t  is very sensitive; amounts of bismuth below 5 micrograms 
can be determined with a high degree of accuracy and 95 per 
cent recoveries have been obtained for quantities above 50 
micrograms.
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P r e s e n t e d  before th e  D iv is ion  of M icroch em istry  at th e 97th  M eetin g  of 
th e  A m erican C hem ical S oc ie ty , B altim ore, M d.

Microidentification of Metrazole in Mixed 
Aqueous Solutions

V IN C E N T  E . ST E W A R T , C h em ic a l L a b oratory  o f  th e  F lo r id a  S ta te  R a c in g  C o m m iss io n , M ia m i, F la .

METRAZOLE (cardiazole) has become recognized as a 
stimulant, and its identification must be of increasing 

interest to the toxicologist. The literature contains but 
little information of this nature.

The method of Wollner and M atchett (1, 2) is well adapted 
for the extraction and separation of alkaloids and other drugs 
which the toxicologist may encounter in body fluids. Because 
of its pronounced solubility in water, metrazole is not so 
readily extracted by this method as the alkaloids, unless 
appreciable amounts are present. The faintly ammoniacal, 
aqueous solution is extracted with ethyl acetate in a special 
extraction device (1) and the solvent is evaporated. The 
residue is taken up with a few milliliters of chloroform in a 
special microseparatory tube (2). This solution is extracted 
first with a small portion of 5 per cent potassium hydroxide 
and then with 0.5 N  hydrochloric acid.

Amphoteric alkaloids such as morphine are contained in 
the alkali extract, strongly basic alkaloids such as strychnine 
appear in the acid extract, and weakly basic alkaloids such 
as caffeine remain dissolved in the chloroform. When a 
small amount of metrazole is present it is found entirely in 
the chloroform fraction. Traces of metrazole occur in the 
alkali extract when a considerable amount is present in the 
original solution. Metrazole is recovered by evaporation 
of the chloroform, and the residue is taken up in a drop of 
0.1 N  hydrochloric acid on a microscope slide for the micro
crystalline test.

Metrazole in very dilute solution fails to form microcrystals 
with the usual alkaloidal reagents. In more concentrated 
solutions microcrystals and amorphous precipitates are 
formed with some reagents. Zwikker (8) has suggested a 
hydrochloric acid solution of cuprous chloride as a reagent 
for metrazole, claiming a sensitivity of 1 in 40,000. He pre
pares this reagent from cupric chloride and sodium sulfite im

mediately before use, stating that the reagent cannot be 
preserved.

The author prepares a satisfactory reagent by dissolving 
cuprous chloride (Baker’s) in dilute hydrochloric acid. This 
operation requires considerably less time than the preparation 
of Zwikker’s reagent. However, this reagent also must be 
prepared daily, since it is converted rapidly to cupric chloride.

For routine use a 5 per cent solution of cupric chloride in 
0.5 N  hydrochloric acid seems to be much more satisfactory. 
This reagent is stable and does not have to be prepared daily; 
furthermore, its sensitivity is comparable to that of cuprous 
chloride reagent. One drop of a metrazole solution 1 to 
1000 (about 50 micrograms) with a drop of the reagent, upon

F i g u r e  1. M e t r a z o l e  w i t h  C u p r i c  C h l o r i d e  R e a g e n t , 
D i l u t i o n  1 t o  1000 ( X  100)
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partial spontaneous evaporation, gives an abundance of 
crystals which are visible even to the naked eye. Even with 
a metrazole solution so dilute as 1 to 10,000 (about 5 micro
grams), a few microcrystals are formed. In these more dilute 
solutions it is advisable to allow the drop to evaporate com
pletely before examining it under the microscope. Then the 
addition of a drop of water will dissolve the readily soluble 
cupric chloride crystals, leaving the well-formed metrazole 
crystals plainly visible.

The microcrystals are characteristically clusters and ro
settes of fine needles, mostly exhibiting arborescent forms 
resembling a fir tree, and polarizing poorly. Cupric chloride 
crystals polarize brilliantly and are considerably different 
in form, so that they scarcely could be confused with metrazole 
crystals. None of the principal alkaloids or other common 
drugs which the author has tested with cupric chloride reagent 
gave microcrystals which might be confused with metrazole. 
These alkaloids in mixed aqueous solution with metrazole 
did not appreciably inhibit its separation and identification.

For obvious reasons the results of animal experimentation 
and data on the mode of elimination of metrazole cannot be 
made public a t the present time.

M odified  M eth o d  o f  W olln cr a n d  M a tc h e tt
S e p a r a t i o n  a n d  I d e n t i f i c a t i o n  o f  M e t r a z o l e  i n  B o d y  

F l u i d s . Small amounts (1.0, 0.5, 0.1, and 0.05 mg.) of metrazole 
were added to 100-ml. samples of body fluids (and washings). 
Twenty-five grams of ammonium sulfate, c. p., were dissolved 
in each sample (2), and the solution was made faintly ammoniaeal 
to litmus paper. The solution was then extracted with ethyl 
acetate in the special extraction device (/), and the solvent was 
filtered and evaporated to dryness on the steam bath.

The residue was taken up by washing repeatedly with small 
portions of chloroform (total volume about 3 ml.) and trans

ferred to a microseparatory tube (2) by means of a medicine 
dropper. A 0.25-ml. portion of 5 per cent potassium hydroxide 
was added to the tube, which then was shaken about 6 minutes 
in a blood pipet shaker, and centrifuged, and the alkali layer 
was removed to a second tube by means of a Wright pipet. 
This alkali extraction was repeated once. Then the chloroform 
solution was extracted with 0.5 ml. of 0.5 N  hydrochloric acid 
by shaking 2 minutes, centrifuging, and transferring the acid 
layer to a third tube. The acid extraction was repeated once 
with 0.25 ml. of 0.5 N  hydrochloric acid, and the chloroform 
solution was filtered and evaporated to dryness on the steam 
bath. The residue was taken up in one drop of 0.1 N  hydro
chloric acid and transferred to a microscope slide and one drop 
of the cupric chloride reagent was added to it.

Microcrystals were formed in the three samples which con
tained 1 .0 , 0 .5 ,  and 0 .1  mg. of metrazole, but not in the 
sample which contained 0 .0 5  mg. Therefore, the smallest 
amount of unchanged metrazole which can be extracted and 
identified by this method is about 0.1 mg. (100 micrograms) 
per 100 ml.

S u m m a ry

A toxicological method for the extraction and separation 
of metrazole from mixed aqueous solutions with other drugs 
is described, which is capable of extracting and identifying 
0 .1  mg. of metrazole in 1 0 0  ml. of aqueous solution. Cupric 
chloride is suggested as a reagent for the detection and identi
fication of metrazole. The sensitivity is 1 part in 1 0 ,0 0 0 .

L itera tu re  C ited
(1) Wollncr and M atchett, I n d .  E n g .  C h e m ., Anal. Ed., 10, 31 (1938).
(2) Wollner and M atchett, unpublished work.
(3) Zwikker, J. J. L „ Pharm. Weekblad, 71, 1170-82 (1934).

A Microbiological Assay for Riboflavin
E . E . SN E L L  a n d  F . M . ST R O N G

U n iv e r sity  o f  W isc o n sin , M a d iso n , W is.

I N A recent critical article, Ellinger (6) discussed the 
errors involved in the chemical and physicochemical 

methods for the quantitative estimation of riboflavin in 
biological products, concluding that a t present biological 
assay provides the most reliable method for the estimation 
of this vitamin. The disadvantages of current biological 
methods for riboflavin are common knowledge. They are 
expensive, time-consuming, and have limited applicability 
because of the quantities of material required for assay. In 
addition, the reliability and accuracy of such assays are open 
to question (8). For example, the value of the Bourquin- 
Sherman unit (3) in terms of pure riboflavin as reported in 
the literature (or as it may be estimated from data in various 
papers) varies from less than 2 to approximately 5 micro- 
grams per unit (1, 2, 9,14).

In previous papers (16, 17) riboflavin was shown to be 
essential for the growth of certain lactic acid bacteria, and 
the amount of growth was found in some cases to be directly 
proportional to the concentration of riboflavin in the culture 
medium. The growth-promoting activity of various isomers 
and homologs of riboflavin was also determined (16). The 
naturally occurring substance proved more active than any 
of the synthetic variants, while degradation products pro
duced from riboflavin by light were completely inactive.

The present paper describes an assay method for ribo
flavin in natural materials, which has been developed on the 
basis of the above information.

S to ck  C u ltu re  a n d  In o c u lu m
The organism used for assay purposes is carried in this 

laboratory as Lactobacillus casei; it is probably identical with 
the Bacillus casei e of Freudenreich (5). The requirement of 
this organism for riboflavin and other growth factors has 
been previously described (17, 18). Stab cultures of the 
organism are carried in yeast-water agar containing 1 per 
cent of glucose. The method of preparing and carrying 
cultures is indicated in the following diagram:

^-Stock culture

Stock culture b Culture c Culture d, etc.

Inoculum e— »-Inoculum/ — »-Inoculum g, etc.
1

Assay tubes h
From the original culture, a, a series of stab transfers (b, c, d, 

etc.) are made into yeast water-glucose agar. After 24 hours’ 
incubation at 37° C. these are stored in the refrigerator. At least 
one tube, 6, is reserved as the stock culture. The other tubes 
(c, d, etc.) may be used to prepare inoculum as described below. 
If assays are to be made on each of several successive days, one 
need not grow inoculum from stock cultures (c, d) each day, but 
can transfer a drop of inoculum e to a similar tube, /, which is 
incubated for use the next day. Inoculum cultures should not be 
used after they are more than 36 hours old. One should return 
to a stock culture about every 5 days to minimize chances of con
tamination and of bacterial variation. New stock cultures cor
responding to b, c, and d are prepared at monthly intervals from 
a tube such as b of the preceding month.



B a sa l M ed iu m
The riboflavin-free basal medium used is a modification 

of tha t developed in previous studies (16, 17). I t  contains 
photolyzed, sodium hydroxide-treated peptone, 0.5 per cent; 
glucose, 1 per cent; sodium acetate, 0.6 per cent; cystine,
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F i g u r e  1. R e s p o n s e  o p  L. casei t o  P u r e  R i b o f l a v i n

0.01 per cent; inorganic salts; and riboflavin-free yeast 
supplement equivalent to 0.1 per cent yeast extract. The 
constituents are prepared and kept as follows:

P h o t o l y z e d ,  S o d iu m  H y d r o x i d e - T r e a t e d  P e p t o n e .  A 
mixture of 40 grams of peptone (Difco Bacto) in 250 cc. of water 
and 20 grams of sodium hydroxide in 250 cc. of water is exposed 
in a 25-cm. crystallizing dish to light from a 100-watt bulb with 
reflector at a distance of approximately 30 cm. for 6 to 10 hours, 
and is then allowed to stand at room temperature for an addi
tional 18 to 14 hours (24 hours in all). The sodium hydroxide 
is neutralized with glacial acetic acid (27.9 cc.), 7 grams of anhy
drous sodium acetate are added, and the mixture is diluted to 
800 cc. This solution contains the equivalent of 5 per cent of 
peptone and 6 per cent of sodium acetate, which is ten times the 
concentration of these materials in the final medium. I t is 
preserved under toluene. The above treatment destroys other 
substances (18) besides riboflavin which are essential for growth 
of the assay organism. These are supplied in the yeast supple
ment.

Y e a s t  S u p p l e m e n t .  T o  a solution of 100 grams of Bacto- 
yeast extract in 500 cc. of water 150 grams of basic lead acetate 
(Horne’s sugar reagent) dissolved in 500 cc. of water are added, 
and the precipitate is filtered off. (This yeast extract consists 
of dry matter from a clarified water extract of autolyzed yeast 
and is prepared for use in bacteriological culture media. It 
may be obtained from the Difco Laboratories, Inc., Detroit, 
Mich.) Ammonium hydroxide is added to a pH of about 10.0, 
and the precipitate formed is again filtered off. The filtrate is 
just acidified with glacial acetic acid, the excess lead precipitated 
with hydrogen sulfide, and the lead sulfide filtered off and dis
carded. All the riboflavin is removed by this treatment. The 
filtrate is made to a volume of 1000 cc., and stored under toluene 
in the refrigerator. One cubic centimeter of this preparation is 
equivalent to 100 mg. of the original yeast extract.

I n o r g a n i c  S a l t s .  Solution A consists of 25 grams of potas
sium hydrogen phosphate and 25 grams potassium dihydrogen 
phosphate dissolved in 250 cc. of water. Solution B consists of 
10 grams of magnesium sulfate heptahydrate, 0.5 gram of sodium 
chloride, 0.5 gram of ferrous sulfate heptahydrate, and 0.5 gram 
of manganese sulfate tetrahydrate dissolved in 250 cc. of water. 
Five cubic centimeters of solution A plus 5 cc. of solution B 
contain inorganic salts for 1000 cc. of basal medium.

C y s t i n e .  A solution of cystine hydrochloride containing 
1 mg. of cystine per cc. is prepared, and kept under toluene.

S ta n d a rd  R ib oflav in  S o lu tio n s

For a stock solution, pure crystalline riboflavin is ac
curately weighed and dissolved in warm 0.02 N  acetic acid. 
A convenient concentration is 100 micrograms per cc. This 
solution is kept in the refrigerator under toluene. For use 
from day to day, a more dilute solution (10 micrograms per 
cc.) is prepared from the stock solution by dilution with 0.02 
N  acetic acid. [Synthetic d-riboflavin of a t least 99 per cent

purity (Merck and Company, Inc.) was used as the primary 
standard throughout this investigation. ]

P rocedure
The fermentations are carried out in ordinary chemical'or 

bacteriological test tubes (16 X 150 mm. to 20 X 150 mm.). 
A metal or wire rack which holds each tube separately and up
right and which can be autoclaved without damage is very con
venient, but not necessary if the tubes are properly marked. If 
50 assay tubes are to be set up from stock solutions of the above 
concentrations, 50 cc. of photolyzed, sodium hydroxide-treated 
peptone solution, 50 cc. of cystine hydrochloride solution, 5.0 
cc. of yeast supplement, 5.0 grams of glucose, 2.5 cc. of solution 
A, and 2.5 cc. of solution B are mixed, the pH is adjusted to 
6.6 to 6.8 with sodium hydroxide, and the mixture is diluted to 
250 cc. Five cubic centimeters are pipetted into each of the 50 
tubes, and a suitable aliquot of the riboflavin-containing ex
tract is added. The contents of each tube are then diluted, 
where necessary, to give a total volume of 10 cc. Thus as much 
as 5 cc. of liquid may be added with the sample. The volumes 
indicated should be measured with an accuracy of ±0.1 cc. 
The tubes are plugged with cotton, sterilized in the autoclave 
at 1 kg. per sq. cm. (15 pounds per sq. inch) pressure for 15 
minutes, and allowed to cool. The tubes are then ready for in
oculation.

In o c u la tio n  and In c u b a tio n
For inoculum, a stab from a stock culture is made into a sterile 

tube of basal medium to which has been added 0.5 to 1.0 micro
gram of riboflavin per 10 cc. The culture is incubated 24 hours 
at 37°, and the cells are centrifuged out aseptically and resus
pended in an equal volume of sterile 0.9 per cent sodium chloride 
solution. One drop (ca. 0.05 cc.) of this suspension is used to 
inoculate each assay tube. The inoculated assay tubes are in
cubated at 37° to 40° C. for 1 to 3 days.

S ta n d a rd  Curve
With each set of assays there are set up duplicate tubes 

containing, per 10 cc. of medium, 0.0, 0.05, 0.075, 0.1, 0.15,
0.2, and single tubes containing 0.3 and 0.5 microgram of 
riboflavin. Titrations or growth data secured from these 
tubes allow the construction of a standard curve (Figure 1).

D e te r m in a tio n  o f  B a cter ia l R esp o n se
Two methods have been used to determine quantitatively 

the response to added riboflavin. The first involves measure
ment of the turbidity produced by the growth of the organism.

The Evelyn photoelectric colorimeter (7) has been employed 
for this purpose with excellent results, using the 540 mu filter. 
The galvanometer is adjusted to read 100 with the uninoculated 
basal medium in the colorimeter tube. The assay tubes are 
well shaken to suspend all bacterial cells uniformly; medium and 
cells are then transferred to the colorimeter tube and the per
centage of incident light transmitted is read directly from the 
galvanometer. Overhead lights must be off while such readings 
are being made to prevent stray light from being reflected into 
the photoelectric cell by the turbid suspension.

This procedure cannot be used when turbid or highly colored 
extracts are being assayed for their riboflavin content. 
Corrections for the turbidity of extracts added are not 
generally valid, since the turbidity is frequently altered by 
the acid produced during the growth of the organism.

In the second method, which is of general applicability, 
the acid produced during growth is measured. Contents 
of the assay tubes are transferred to a 125-cc. Erlenmeyer 
flask with 10 to 20 cc. of distilled water and titrated to pH
6.8 to 7.0 with 0.1 N  sodium hydroxide. Bromothymol blue 
is a satisfactory indicator. A color-comparison flask aids in 
recognition of the end point, which is reproducible to ^  0.1 cc.

P eriod  o f  In c u b a tio n
Turbidity of cultures grown in the basal medium here de

scribed reaches a maximum in approximately 24 hours, 
remains constant for about 48 hours, and then slowly de
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creases. Turbidity measurements are therefore best made 
a t the end of 24 hours. Acid production, however, increases 
steadily for 3 to 4 days, so that the method is more sensitive 
if the cultures are titrated after the longer interval. How
ever, practically the same results are secured when shorter 
incubation times are used. In the work described below acid 
production has been measured after 72 hours’ incubation ex
cept where otherwise stated.

E v a lu a tio n  o f  B a cter ia l R esp o n se  in  T erm s o f  
R iboflavin

The response of the organism to pure riboflavin in a typical 
fermentation is shown in Figure 1. The turbidity measure
ments were made after 24 hours’ incubation. Since within a 
limited range turbidity and acid production are directly 
proportional to the concentration of riboflavin, the response 
elicited by an unknown sample can be evaluated in terms of 
riboflavin by interpolation on the standard curve. To yield 
valid results the riboflavin content of the assay cultures must 
fall on the straight-line portion of the curve above 0.05 micro- 
gram per 10 cc.—i. e., between 0.05 and 0.25 microgram per 
10 cc. in Figure 1. Preferably each sample should be assayed 
a t three levels which fall within this range with duplicate 
tubes a t each level. The values obtained a t the three levels 
are averaged for the final result.

The results of assays of “unknown” solutions of pure ribo
flavin by this method are shown in Table I. Similar results 
have been obtained by several independent observers in this 
laboratory. No difficulty is experienced in determining to 
=*= 5 per cent even a few hundredths of a microgram of riboflavin 
per cubic centimeter when pure solutions are being analyzed.

T a b l e  I. R e c o v e r y  E x p e r i m e n t s  w i t h  P u r e  
R i b o f l a v i n

T u rbid im etric A ssay
A cid im etrio  A ssay R ib o R ib o 

R iboflavin R iboflavin R e- flavin flavin R e
present fou nd  covery p resent found covery
M icro- M icro M icro M icro-

gram s/cc . gram s/cc . % gram s/cc . gram s/cc . %

0 .0 1 9 8 0 .0 2 0 1 10 1 .5 0 .0 1 3 0 .0 1 3 100
0 .0 7 1 0 .0 7 4 1 0 4 .2 0 .0 6 4 0 .0 6 3 9 8 .4
0 .2 5 2 0 .2 5 1 9 9 .6 0 .2 3 6 0 .2 2 5 9 5 .5
0 .6 7 2 0 .6 8 5 10 1 .9 0 .5 5 0 .5 9 1 0 7 .0
2 .2 0 2 .1 0 9 5 .5 1 .9 7 2 .0 0 1 0 1 .5

A p p lica tio n s  to  N a tu ra l P ro d u cts

For extraction of riboflavin from natural products auto- 
claving the finely divided material a t 1 kg. per sq. cm. (15 
lb. per sq. in.) pressure for 15 minutes with a large volume 
of water is recommended. Extraction with boiling 0.1 N  hy
drochloric acid and subsequent neutralization are also effective. 
In the latter case not more than 50 mg. of sodium chloride 
should be added to the assay tubes with the aliquot to be ana
lyzed. Amounts greater than this first increase, then decrease 
the response of the test organism to a given quantity of ribo
flavin. I t  was demonstrated in separate experiments that 
the biological potency of a dilute solution of riboflavin in 0.1 N  
hydrochloric acid was not detectably affected by autoclaving 
a t 1 kg. per sq. cm. (15 lb. per sq. in.) pressure for 30 
minutes.

Several lines of evidence have been used to guard against 
possible interfering substances:

Assays are made at different levels, and only those assays 
which give concordant results at the different levels are regarded 
as reliable.

Recoveries of known quantities of pure riboflavin in the 
presence of the natural material have been made.

T a b l e  II. R i b o f l a v i n  A s s a y s  o n  M i l k  a n d  L i v e r

R ib o
flavin
A dded R iboflavin  Found R ecovery

A m ount per Gram Per Per gram of A dded
Sam ple A ssayed 41 Sam ple tube sam ple R ib oflavin

M icro - M  xero M icro
M g. grams gram gram s %

M ilk  A 50 N one 0 .0 9 7 1 .9 4
60 N one 0 .1 2 6 2 .1 0
75 N one 0 .1 4 6 1 .9 5

A v. 2 .0 0

17 1 .7 6 0 .0 6 2 3 .6 4
2 5 .5 1 .7 6 0 .0 9 4 3 .6 8
34 1 .7 6 0 .1 3 2 3 .8 8

A v. 3 .7 0 97
M ilk B 50 N one 0 .0 8 1 1 .61

60 N one 0 .1 0 0 1 .6 8
75 N one 0 .1 3 6 1 .81

A v. 1 .6 9

17 1 .7 6 0 .0 6 1 3 .5 8
2 5 .5 1 .7 6 0 .0 9 2 3 .6 0
3 4 .0 1 .7 6 0 .1 2 4 3 .6 5

A v. 3 .6 1 109

Fresh beef 2 .0 1 N one 0 .0 8 2 4 1 .0
liver 3 .0 2 N one 0 .1 3 4 4 4 .6

4 .0 2 N on e 0 .1 7 2 4 2 .8
6 .0 3 N one 0 .2 4 1 4 0 .2

A v. 4 2 .2
1 .0 2 2 4 .4 0 .0 7 0 6 8 .6
1 .5 4 2 4 .4 0 .1 0 0 6 5 .0
2 .0 4 2 4 .4 0 .1 4 6 7 1 .5
3 .0 8 2 4 .4 0 .2 1 4 6 9 .5

A v . 6 8 .6 108

P h oto lyzed 100 N one 0.00 0.00
m ilk serum 200 N one 0.00 0.00

200 0 .5 0 0 .1 0 0 .5 0 100
200 0 .7 5 0 .1 5 0 .7 5 100

P h oto lyzed 2 .4 N one 0.00 0.00
liver extract 2 .4 4 1 .6 0 .0 9 5 3 9 .6 95

2 .4 6 2 .5 0 .1 4 8 6 1 .6 9 8 .7
3 .2 N one 0.00 0.00
3 .2 3 1 .3 0 .1 0 0 3 1 .3 100
3 .2 4 6 .9 0 .1 5 5 4 8 .5 103

°  Expressed in  term s of w eight of th e  original sam ple.

The riboflavin in various extracts has been destroyed by the 
least drastic and most selective method available—namely, by 
the action of visible light on the extract at pH approximately 
7.0—and recoveries of pure riboflavin in the presence of the 
photolyzed material have been made.

Assays have been made on samples which have also been 
assayed for riboflavin by other biological methods, and the results 
compared.

Tne sensitivity of the organism to inhibition by various re
agents has been investigated.

Most of this evidence was collected in connection with 
assays on samples of milk, liver, and yeast.

The data presented in Table I I  indicate that the apparent 
riboflavin contents of milk and liver samples as determined at 
different levels were satisfactorily constant, and that added 
riboflavin was recovered with an error of 10 per cent or less. 
The milk was diluted with distilled water and aliquots equiva
lent to the amounts indicated were added directly to the 
assay tubes. The milk serum was prepared by making the 
milks lightly acid with acetic acid, warming briefly to 80° to 
90° C. and filtering. The clear serum was photolyzed by 
readjusting to pH 7.0, adding a few drops of chloroform as a 
preservative, and exposing a 0.5-cm. layer of the solution 
for 24 hours a t room temperature (25° or less) to the light 
from a 100-watt bulb with reflector a t a distance of 25 cm. 
Sufficient water approximately to balance evaporation was 
added during the photolysis, and the final solution was diluted 
accurately to the original volume.

The liver was ground and divided into two parts and the 
riboflavin to be recovered was mixed into one portion. The 
samples were then extracted by boiling for 5 minutes with 3 
volumes of 0.1 N  hydrochloric acid, and the residues were 
centrifuged off and re-extracted twice by the same procedure.
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The turbid extracts were neutralized and suitable aliquots taken 
for assay. The photolysis was carried out as above described 
on a portion of the neutralized extract from which insoluble 
m atter had been removed by centrifuging.

The results of microbiological and ra t assays on the same 
samples of various materials are summarized in Table III. 
Extracts for the bacterial assay were prepared by autoclaving

T a b l e  V. R i b o f l a v i n  C o n t e n t  o f  B i o l o g i c a l  M a t e r i a l s

T a b l e  I I I . C o m p a r a t i v e  R i b o f l a v i n  A s s a y s  o f  N a t u r a l  
P r o d u c t s

M ateria l
M icrob iological A ssay  

D irect E xtract

-R ib o fla v in  C on ten t0-
R at A ssay

M icro
gram s

D ried  grasses 
Sam ple I  . . .
S am ple II  . . .
Sam ple I II  
Sam ple IV  

D ried  oa t p lan t 3 0 .3
Skim -m ilk  pow der 1 7 .1
D eb ittercd  y east a  3 9 .2
D eb ittered  y ea s t  6 . . .
D eb ittered  y ea s t  c 3 4 .7
Y east ex tract 1 4 9 .6
N ond eb ittered  y east 3 1 .8

a Per gram  dry w eight.

M icro-
gram s

2 4 .4
2 4 .1  
22.6  
2 3 .9
3 1 .2

3Ś1.5
3 6 .5
3 3 .6

32*. 8

M icrogram s

20.0
2 5 .0
22.0 
20.0
3 5 .0
1 7 .0  
37

(3 8 .8 )
(3 4 .4 )

(1 4 5 .6 )
(3 2 .0 )

B ourquin-
Sherm an

units

1 7 .7
1 5 .7
6 6 .5
1 4 .6

the weighed sample with 100 times its weight of water at 
1 kg. per sq. cm. (15 lb. per sq. in.) pressure for 15 minutes. 
The extract and residue were then diluted to a volume of 100 
cc. for each gram of sample taken, solid material was removed 
by centrifugation, and an aliquot was assayed for the ribo
flavin content. In some cases, as indicated in Table III, 
the suspension was assayed directly. The average value for 
the Bourquin-Sherman unit calculated from these data is 2.19 
micrograms per unit. The values for the riboflavin content 
of yeast samples given in parentheses in column four were 
calculated from the Bourquin-Sherman units with this factor.

The data presented in Table IV indicate roughly the sensi
tivity of L. casei to a number of miscellaneous materials. 
These results indicate tha t the organism is resistant to a 
variety of toxic materials in concentrations higher than those 
ordinarily encountered in biological extracts.

T a b l e  IV. S e n s i t i v i t y  o f  Lactobacillus casei t o  I n h i b i t i o n  
b y  V a r i o u s  S u b s t a n c e s

chloride.

S ub stan ce E x ten t of
T ested C oncen tration  

M icrogram s/cc .
Inh ibition

C u + +“ 40 C om plete
Cu + + 20 Ju st noticeable
M n + + 40 N one
Fe + + + 40 N one
Zn + + 40 N one
B a + + 50 Ju st noticeable
Pyrid ine 500 N one
E th an ol 2,000 N one
M eth an ol 2,000 N one
KC1 1,000 N one
N aC l 20,000 N one

n, F e , and Zn w ere tes ted  in  th e  form  of th e  su lfa tes;

R ib oflav in  C o n te n t  o f  V ariou s B io lo g ica l M ater ia ls
The riboflavin content of several natural products as de

termined by the present method is compared in Table V with 
values given by other investigators for similar products. 
Where several samples have been analyzed, the range ob
tained is given. Assays on milk, milk serum, skim-milk 
powder, dried whey, egg white, and egg yolk were made di
rectly. A hydrochloric acid extract of the beef liver and 
soybean meal was assayed, while the extract for assay of the 
dried pork liver was obtained by autoclaving with water and 
centrifuging off the insoluble residue.

M icro
b iological Literature M eth od  of

M ateria l A ssay V alues A ssay Reference
M icrogram s per gram

B eef liver, fresh 4 4 .0 3 5 .6 C olorim etric 4
15-17 Ph otom etric 13

R at liver, fresh 3 4 .0 15-17 P h otom etrio IS
Pork liver, vac

uum -dried 9 2 -104 100 Chick 16
Liver m eal, com 

m ercial 5 0 .0
W hole m ilk 1 .5 - 2 .5 1 .7 - 2 .4 R at 12

1 .0 - 1 .5 Fluorim etric 10
M ilk scrum 1 .3 - 1 .9
D ried  w hey 23 30 C hick 16
Skim -m ilk  pow 

der 17 20 C hick 16
Soybean  m eal 3 .0 3 .0 C hick 16
E g g  w hite, fresh 3 .1 4 -5 C olorim etric 6
E gg  yo lk , fresh 7 .6 5 -6 C olorim etric 0

C o n sta n cy  o f  A ssay R esu lts
The degree of constancy which may be expected when 

assays are run on the same product a t different times is indi
cated in Table VI. The second assay was made 2 weeks 
after the first. The maximum difference is about 8 per cent.

T a b l e  VI. C o n s t a n c y  o f  A s s a y  R e s u l t s

Sam ple

B eef liver, fresh  
R at liver a, fresh  
R a t liver b, fresh  
Skim -m ilk  pow der

R ib oflavin  C ontent  
A ssay 1 A ssay  2

M icrogram s per gram
4 2 .2
3 3 .0  
3 6 .9
1 7 .0

4 5 .7
3 1 .2
3 4 .3  
1 7 .2

D iscu ss io n
R e l i a b i l i t y  o f  t h e  M e t h o d .  From the results reported 

in this and previous papers it  is evident tha t riboflavin is 
indispensable for growth of L. casei. A growth response 
caused by the addition of any material to the riboflavin-free 
basal medium may therefore be regarded as a reliable qualita
tive indication of the presence of riboflavin in tha t material. 
The high degree of structural specificity required for activity 
(16), the identity of all flavins so far isolated from natural 
sources (11), and the complete inactivity of photolyzed ex
tracts of biological materials (cf. Table II) strongly support 
this view.

While it has unfortunately not been possible as yet to test 
such substances as riboflavin phosphate and Warburg’s 
flavin-adenine dinucleotide (19), it  is very probable tha t the 
bacteria respond not only to free but also to the various com
bined forms of riboflavin. Thus several materials, such as 
yeast and liver, which are known to contain most of their 
riboflavin in combined forms, give values by the bacterial 
assay which are as high or higher than those found by several 
other methods.

The reliability of the response as a quantitative measure 
of riboflavin and riboflavin only is more difficult to establish, 
since inhibition or stimulation of the organism by substances 
introduced with the sample to be assayed is possible. The 
question of inhibition seems to be satisfactorily settled by 
the data in Table IV, by the successful recovery of pure 
riboflavin added to the sample, and particularly by the re
covery of riboflavin in the presence of photolyzed extracts, 
which would presumably still contain any inhibitory sub
stances originally present.

Stimulation of the organism, which would produce falsely 
high values for riboflavin, might conceivably result from the 
presence of food materials or of unknown growth factors in 
the sample. The former possibility seems remote in view of 
analyses of known amounts of riboflavin which were carried 
out with a medium containing twice the usual amount of



350 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 11, NO. 6

glucose and peptone. The apparent riboflavin content was 
increased less than 10 per cent by the extra food materials 
available to the organism.

Since the addition of a single pure substance, riboflavin, to 
the basal medium permits growth through repeated subcul
ture (16), it follows that the medium so supplemented con
tains all the accessory growth factors essential for L. casei. 
The possible existence of other nonessential but stimulatory 
substances which are not supplied with the yeast supplement 
cannot be overlooked. The assumption has been made in 
the above work that the effect on growth of such stimulatory 
factors will be negligible in a medium which contains subop
timal quantities of an essential growth factor (riboflavin). 
The validity of this assumption is supported by the quantita
tive recovery of pure riboflavin in the photolyzed and un- 
photolyzed extracts as described above. In each case the 
amount of photolyzed material used was comparable to the 
amount of the original sample required for the assay. The 
destruction of stimulatory substances other than riboflavin 
during photolysis, although possible, appears unlikely in view 
of the mild conditions employed.

The comparative assays summarized in Table I I I  offer ad
ditional support for the reliability of the bacterial method, 
although the questionable accuracy of the ra t assay makes 
it difficult to evaluate such evidence. Few critical tests of 
the specificity of the ra t or chick assay method for riboflavin 
have been made.

S o u r c e s  o f  E r r o r .  The presence in the assay tube of 
large amounts of solid material from the substance being 
assayed affects the assay adversely. Thus when recoveries 
of pure riboflavin were attempted in the presence of the 
residue from the hydrochloric acid extraction of liver de
scribed above the results were high and variable, although the 
residue alone showed a riboflavin content of zero. Similarly, 
if substances naturally low in riboflavin, such as the cereal 
grains, are added directly (after grinding) to the medium for 
assay, the riboflavin contents calculated from the different 
levels do not agree. Thus in these cases one must resort to 
extraction. Obviously, too, the smaller the riboflavin con
tent of a substance, the more extract must be added in order to 
obtain sufficient riboflavin to fall within the specified range, 
with the consequent addition of larger amounts of extraneous 
substances which may affect the assay result. In cases, 
therefore, where assays a t different levels do not check closely 
enough, or where recoveries of added riboflavin are seriously 
in error, further purification of the extract assayed is indicated.

On the other hand, incorporation of inert solid material 
such as Filtered in the medium did not affect the recovery of 
added riboflavin. Similarly, the small amount of solid 
material added in the assay of milk and milk products ap
parently did not interfere, since accurate recoveries of added 
riboflavin were obtained in the presence of such material.

The method requires the maintenance of a pure culture of 
L. casei. Contamination of the assay tubes with other micro
organisms produces false results through riboflavin synthesis 
and associated growth phenomena.

U s e f u l n e s s  o f  t h e  M e t h o d .  The assay is applicable 
to crude extracts or in some cases to the whole ground sample, 
so that extensive preliminary purification with attendant 
losses of riboflavin is unnecessary. I t  requires very small 
amounts of sample, no elaborate or unusual equipment, and 
is relatively rapid. Routine analyses now under way in this 
laboratory have shown that one operator can conveniently 
carry out 15 to 20 assays per working day. The accuracy 
of the method is of the order of ±  10 per cent.

S u m m a ry
A biological assay for riboflavin, which is based on the 

essential nature of this substance for the growth of Laclo-

badllus casei, is described. The reliability of the method is 
supported by agreement of the assay results a t different levels, 
recovery of added riboflavin, successful determination of ribo
flavin in the presence of photolyzed extracts, and specificity 
of structure required for activity.

The results compare well with other bioassays for riboflavin 
on the same products. The method is rapid, and requires 
only very small amounts of sample.
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C o r r e c t i o n .  In  the article on "Analytical Balances in Quan
titative Microanalysis” [In d . E ng . C h e m .,  Anal. E d ., 11, 226 
(1939)] the following corrections should be made:

"1 0 0 ”  “ 1000 f "In Table I - should read J .

In Equation 9, substitute “P” for “M ”.
The last two items in Table II should read as follows:

G ./l. /  Cm. mm. Cu. m m .
Cl as A gCl in  sea  w ater 20 0 .2 4 7  75 190
P  as p ho3phom olybdate in  serum  0 .2  0 .0 1 6  480 1200

A. A. B e n e d e t t i - P ic h l e r



A Modified Buret for Microanalysis of Gases
D A V ID  C . G R A H A M E  

U n iv e r s ity  o f  C a lifo rn ia , B erk eley , C a lif.

I N USING the method for the microanalysis of gases de
scribed by Blacet and Leighton (1), the author experienced 

considerable difficulty because of the tendency of the mercury 
levels to drift up or down the capillary buret during the time 
required to take the readings. A method of avoiding this 
difficulty has been described by Blacet, MacDonald, and 
Leighton (2), but an alternative method, used in this labora
tory, has proved to have valuable additional advantages.

The drift iii the mercury levels is evidently due to the fact 
that a small displacement of the upper level downward, for 
example, causes a marked increase in the pressure of the gas 
and of the pressure of the mercury in the rubber pouch a t the 
base of the buret. This increased pressure makes the gas 
contract and the rubber pouch distend, both of which cause 
the upper mercury level to move downward again. If the 
rubber is not sufficiently stiff, the sample of gas may even be 
lost into the base of the buret in this manner.

This difficulty may be readily overcome by maintaining the 
upper mercury level in a horizontal rather than a vertical 
capillary tube. The same principle has been employed in a 
different manner in an apparatus described by Swearingen, 
Gerbes, and Ellis (3).

A simple method which does not occupy an undue amount of 
space is shown in Figure 1, which is similar to the buret described 
by Blacet and Leighton except that the water jacket now follows 
the capillary tube up and over the bend at the top. The water 
jacket is made from a Pyrex buret sealed at the two ends with 
picene wax (not with de Iihotinsky cement, since this slowly 
disintegrates under water). The capillary tube which runs 
through the buret is placed near the front surface of the buret, 
rather than centered, so that the lower mercury level can be 
read from the buret graduations without danger of serious paral

lax errors. Two lines, A and B in Figure 1, are marked on the 
horizontal portion of the capillary, one close to the bend, the other 
close to the end of the water jacket. I t is convenient to choose 
positions for these marks such that the volume of the capillary 
jetween the marks and the zero of the buret is an integral num
ber of the units of volume employed. This may be readily accom
plished if the apparatus is calibrated after assembly but before 
the horizontal arm of the water jacket is sealed on at C-C'.

Readings are taken In' drawing the gas into the buret in the 
manner described by Blacet and Leighton and adjusting the up- 
per level to coincide with A or 11. The lower mercury level is 
read from the graduations on the buret. Water from a large 
vessel is circulated through the water jacket. Since its tempera
ture never deviates largely from room temperature, no appreci
able error arises from the fact that a small fraction of the gas 
extends beyond the end of the water jacket when B is used. 
This arrangement has been adopted to relieve the operator from 
eyestrain during the adjustments. For measuring very small 
volumes of gas (less than about 20 cu. mm.) A must, of course, be 
used. The temperature of the water in the water jacket is 
conveniently read from the thermometer arranged as in Figure 1.

In  a buret of this type the mercury shows no tendency what
soever to drift in the manner described. If the mercury in 
the movable cup (shown by dotted lines) is always brought 
to a fixed level when a reading is to be made, the pressure 
on the sample of gas will be the same in consecutive readings 
unless large barometric changes have occurred. The time 
required for most analyses is short enough to permit one to 
ignore entirely all pressure corrections, which is a consider
able simplification over the procedure ordinarily followed.

A marked advantage of this type of buret is that it can be 
cleaned without being dismantled. The “scum” carried into 
the buret is carried by the upper mercury thread, and since 
this is not ordinarily drawn into the vertical portion of the 
capillary tube, only the horizontal portion requires cleaning. 
To clean the buret the mercury cup is removed and a beaker 
containing a cleaning solution of potassium dichromate and 
concentrated sulfuric acid is put in its place. Before the tip 
of the buret is submerged in the solution, however, the 
mercury in the buret is drawn back until the level of the 
thread is about 10 cm. below the bend, D. The cleaning solu
tion is then drawn into the buret up to D but no farther. After 
several hours the acid is expelled and distilled water is drawn 
up in its place. The buret is dried after several such rinsings 
by evacuating the capillary, an operation which must be 
done with some care to avoid drawing mercury into the hori
zontal tube.

Minor advantages of the buret here described are that 
only one reading is taken from the calibration curve for each 
measurement and that the volume may be recorded directly 
without taking differences.

S u m m a ry

A modification of the Blacet-Leighton gas microburet is 
described. The mercury threads are easily adjusted and do 
not drift from their set positions. Corrections for pressure are 
not ordinarily required. The buret may be cleaned without 
dismantling.

L itera tu re  C ited
(1) Blacet and Leighton, I n d . E n g . C u e « . ,  Anal E d . ,  3, 266 (1931).
(2) Blacet, M acDonald, and Leighton, Ibid., 5, 272 (1933).
(3) Swearingen, Gerbes, and Ellis, Ibid., 5, 369 (1933).
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DANIEL Bagley Hall a t the University of Washington 
houses the Department of Chemistry and Chemical 

Engineering and the College of Pharmacy. Funds for the 
construction, amounting to SI,250,000, were supplied by 
state and federal grants. The structure has three and one- 
half floors with four wings, the over-all dimensions being 
260 X 380 feet. Approximately one acre of ground area is 
covered, the total volume being 2,400,000 cubic feet. The 
cost has been estimated at 52 cents per cubic foot.

A study of the requirements of a new building under the 
supervision of S. G. Powell and the author had provided 
fundamental designs of general laboratory space when funds 
were allocated for construction. All designs, plans, and 
acceptances of bids were completed within the ninety days 
specified under terms of the federal grant. The information 
presented in the publication of the National Research Coun
cil, “Construction and Equipment of Chemical Laboratories”, 
was of great value, as was also a joint report by Carl F. 
Gould and H. K. Benson on the inspection of eleven recently 
constructed laboratories in the United States. Special as
sistance was rendered by Professor Hoover of Wesleyan 
University and Dr. Coleman of Mellon Institute. The plans 
and specifications were prepared by F. A. Naramore and 
Granger and Thomas, associate architects.

THE building is of reinforced concrete construction and 
surfaced outside with brick. Partitions are of hollow tile, 
and those forming laboratory walls are to remain unpainted.

All laboratories have access to natural lighting, the inner 
volume of the structure being utilized for corridors, lecture 
rooms, and storage. A subbasement contains the mechanical 
equipment, such as air washers and conditioners, ventilation 
fans, heaters, steam distributors, and reducing valves. The 
space above the third floor is used for fume ducts, fans, and 
water-distillation equipment.

The areas enclosed by the inner corridors have been given 
over to stock storage, dispensing, and lecture rooms. A 
volume of 150,000 cubic feet has been provided for general 
storage and dispensing rooms. The service division has a 
small reconditioning room equipped with the usual facilities, 
including paint gun, buffing wheel, and soaking tanks. T hat 
division also has charge of the refrigeration plant, distilled 
water, hydrogen sulfide, and variable voltage supply. The 
refrigeration plant supplies ice for the boxes on the various 
floors, sharp and normal refrigeration to the biochemistry 
laboratory, and cooling coils for the unit operations labora
tory. Hydrogen sulfide is delivered from the cylinders to 
manifolds a t reduced pressures into iron pipes for use in 
general chemistry. Electrical energy is brought to the labora
tory at 2300 volts alternating current and is transformed to  
120 and 208 volts for lighting and the usual motors and 
heaters. Variable-voltage transformers for alternating cur
rent and generators and batteries for direct current located 
in the electrical supply room are under the supervision of the 
service division. The Barnstead still delivers 10 gallons per 
hour of distilled water to a 270-gallon aluminum storage

BAGLEY HALL, UNIVERSITY OF WASHINGTON
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Upper left. O n e  o f  F o u r  A n i m a l  R o o m s . 
K e y h o l e  S t a n d a r d s  U s e d  f o r  S h e l v i n g

Upper right. T y p i c a l  R e s e a r c h  L a b o r a t o r y

Left. U n i t  O p e r a t i o n s  L a b o r a t o r y . 
S t e a m  t o  L i q u i d  H e a t  E x c h a n g e

tank from which distribution is made through aluminum pipe 
and valves, the latter having silver seats.

Eight lecture rooms containing a total of approximately 
840 seats are available. The arrangement of the two larger 
rooms with the adjoining supply room for lecture table experi
ment equipment is working very nicely. The large lecture 
hall has a soundproof booth with sound and silent projectors, 
multiplex controls a t the lecturer’s station, and down-draft 
hood on the lecture bench; 3 per cent of the chairs are for 
left-handed students.

Rooms for graduate research were designed to be occupied 
by two to four persons. The distribution of these rooms 
about the building has permitted an economical use of floor 
space. Facilities available in such rooms include compressed 
air, oxygen, 15 kw. of 120- to 208-volt 60-cycle alternating 
current, variable-voltage (0 to 400) alternating and (0 to 150) 
direct currents, in addition to hot and cold water, gas, steam, 
fume hood, and fire protection. Vibrationless piers have 
been installed in some rooms.

Some interesting features were developed in the arrange
ment of the analytical laboratories. A centrally located room 
equipped with ball mills, power-driven sieves, and dividers 
furnishes space for the preparation, storage, and indexing 
of the 63,000 unknowns carried by this division. The wide 
corridor connecting the two main analytical laboratories is 
used for the work in electrolysis. Each laboratory is pro
vided with a Kjeldahl room of 144 digestion capacity.

The chemical engineering laboratories contain small- and 
large-scale equipment for the study of unit operations, unit 
processes, and technical analysis of industrial materials.

The primary services in these rooms furnish 
steam up to pressures of 175 pounds per 
square inch, 3-phase 60-cycle alternating 
current up to 400 amperes at 208 volts, 
variable-voltage direct current up to 150 
amperes, gas, water, compressed air, and 
fume ducts, so that semiplant equipment 

can be operated. A machine shop is operated in conjunc
tion with this division.

The laboratory for unit operations has space for such tall 
equipment as absorption towers, fractionating columns, and

L a b o r a t o r y  S p a c e  D i s t r i b u t i o n

Third Floor  
Inorganic and general chem istry  
A dvanced  inorganic chem istry  
Organic chem istry  
A dvanced  organic chem istry  
G raduate research

T ota l

T ota l

M axim um
S tud en t

C apacity

G round or F irst Floor 
P h ysica l chem istry  
A dvan ced  p hysical chem istry  
E lectrochem istry  
Industrial chem istry  
U n it processes 
U n it operations
C hem ical engineering undergraduate research  
G raduate research

T ota l
M ain  or Second  Floor  

B iochem istry  
A dvanced  biochem istry  
M icrochem istry  
Q u an tita tive ch em istry  
A dvanced  q u a n tita tiv e  ch em istry  
Library
G raduate research

T ota l 
Floor  
A rea 

Sq. F t.

144 2050
12 700
45 770
84 1650
72° 1800
80° 5400
63 880
56 4655

556

108 1030
10 450
30 590

240 3600
36 1000
48 1800
24 3000

496

2563 8000
10 520

429 4450
10 750
25 2500

3037

a B ased  on six  hours per week per stud en t.
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evaporators. Equipment for the study of crushing, grinding, 
and separation of solids is located in a small adjacent room 
for the localization of any dust problems. Other noteworthy 
features are positive floor drainage, equipment anchors along 
the walls, chimney flue through the roof, an ice machine for 
supplying refrigeration to equipment, and a 5-ton overhead 
traveling crane. The floors or ceilings over this laboratory 
have been fitted with cored holes each of approximately 1 
square foot area, so tha t apparatus requiring GO feet of 
elevation may be installed.

The importance of the pulp and paper industry in the 
Pacific Northwest and the need for adequate training of 
graduates entering that field led to the inclusion of a series of 
laboratories specially equipped for class work and research in 
this field. A small digester room contains a waste gutter, 
a special chimney flue with individual fan to remove relief 
gases, four rotating digesters for sulfite and alkaline cooking, 
a semiplant stainless-steel digester with external heating and 
circulation; also necessary washers, screens, beater, bleacher, 
thickener, and test equipment for the pulp produced.

Situated between the pulp laboratory and the unit process 
laboratory is the control laboratory where chemical control 
tests are performed in the semiplant processes in chemical 
industry; the student may operate these on a small scale.

A number of special laboratories are provided. A large 
laboratory for research in unit operations and high-pressure 
reactions adjoins the unit operations laboratory and has large 
service lines, floor gutter, keyhole equipment, anchor stand
ards, and other features. A high-pressure compressor fur
nishes compressed gases for hydrogenation and studies in high- 
pressure operations. A large-capacity blower furnishes air 
for submerged combustion investigations. Another labora
tory contains space for sixty undergraduate students for

senior thesis work. The control laboratory is designed for 
use by students doing research on pulp and paper, or unit 
process problems. Many small laboratories for individual 
students are available for carrying on advanced problems.

THE mechanical equipment of the building is necessarily 
extensive and intricate. Dictates of economy and main
tenance resulted in exposed piping on ceilings with most 
vertical work concealed in shafts. Ventilation of the entire 
building is by means of warmed washed air from basement 
fans and foul air is removed by exhaust fans in roof level 
rooms. Although no cooling coils have been installed, the 
temperature of the water used in washing the air and the 
general climate of the region assure a definite lower dif
ferential within the laboratories on the hottest summer days. 

The following are required for the operation of the building:
Plenum fresh air, cubic feet per minute 18,500
Total air supply, cubic feet per hour 9,000,000
Hood exhaust fans 46
Transformer room, cubic feet 10,000
Lighting intensity: 15 foot-candles over all laboratory tables 

and 20 foot-candles in lecture rooms.
Fume exhaust system: vitrified tile pipe.
Waste lines: extra heavy cast iron with ceramic tile for vertical 

risers in concealed work.
Steam is obtained at boiler pressure from the central plant of 

the university at 185 pounds and distributed in the building at 
125, 15, and 2 pounds.

Black enamel cast-iron sinks are used throughout. These are 
fitted with Corrosiron plugs and tailpieces to the waste lines.

Laboratory benches were designed by the separate divisions 
and constructed locally. Birch tops of 2-inch stock and fir 
frames were selected. Gutters were entirely eliminated, each 
student having access to a sink. The student capacity of the 
General Chemistry Laboratories was increased 300 per cent by 
replacing the drawer and locker type of desk by that of the single 
drawer.
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New
ELECTROLYTIC
A N A L Y Z E R S

For Investigation 
For Large Scale Analyses

SLOMIN ELECTROLYTIC ANALYZER
For Investigation, Research an d  Standardization  

of Methods an d  Sm all Scale Control
A small, portable, inexpensive instrument for fast, accu

rate, economical analysis of ferrous and non-ferrous metals 
and alloys; metals in biological materials, food, soils, etc.; 
electroplating solutions and electro-deposits; forensic ma
terials and micro and semi-micro specimens.

It operates directly from standard 110 volt circuits, 
requiring no auxiliary rheostats or generators. The entire 
apparatus is contained in a light weight aluminum casting. 
Being completely portable and simple to operate, it is 
equally well suited for analysis in the plant at the point of 
operations as it is for critical laboratory research.

Voltage selection in steps of 0.1 volt from 0 to 10 volts 
permit progressive separation of a number of metals, with 
decomposition voltages differing by more than 0.1 volt, in a 
single sample. Current range, 0 to 3 amperes.

The instrument is supplied with a comprehensive labora
tory manual containing 50 analytical procedures for 
determination of various metals and alloys. These man
uals may be purchased individually for only 7oc per copy.

S-29445 Slomin Electrolytic Analyzer, High Speed, 
Portable, one position. For operation from 110 volt A.C., 
60 cycle single phase circuits, with special beaker but with
out electrodes.................................................................S125.00

S-29446 Ditto, but for 110 volt D.C. circuits.........S125.00

SARGENT ELECTROLYTIC ANALYZER
For High Speed, Large Volume Routine 

Electrolytic Analyses

There is one problem common to every laboratory whose schedule 
requires the daily performance of a large number of electrolytic analy
ses—that of inadequate speed. The principal obstacles to high speed 
methods have been completely eliminated by the new Sargent High 
Speed Electrolytic Apparatus.

It employs high current densities and a larger electrode area resulting 
in a correspondingly large reduction in time required per analysis.

The design of the analyzer is a marked departure from convention. 
Simplicity is its chief advantage. There are no complicated stirring 
mechanisms, no awkward clamping and supporting arrangements 
which are common sources of mechanical breakdowns and expensive 
replacements.

In the Sargent Analyzer, electrolytes are thoroughly agitated electro- 
magnetically. Electrodes arc held in an all Bakelite head . . .  no metal 
other than platinum is exposed to corrosive fumes. Vertical and hori
zontal adjustment of electrodes is made by simply applying slight pres
sure of the hand. Each beaker position is cooled by individual cooling 
coils connected in series.

The obviously simple manipulative technique combined with the 
high current densities used means that you can now perform analyses 
quickly and efficiently in about Vj the time previously consumed . . . 
your work capacity will be increased by as much as 66%.

Literature completely describing this apparatus and a manual of
high speed electrolytic methods will be sent free of charge on request

S-29405 Sargent High Speed, Magnetic Stirring, Heavy Duty, Water 
Cooled, Parallel Circuit Model Electrolytic Analyzer. Without elec
trodes or motor generator.

Number of positions.............................................................  2 6
Each.....................................................................................S275.00 S700.00

5 H R G E H T
L f l B O R H T O R V  S U P P L I E S
E .H .S argen t  & C om pany ■ 155 E a s t  S u p e r i o r  S t . ,  Chicago
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Determination of Mercury
REAG ENT— s-D ip h e n y lc a r b a z id e  

M ETHOD— C o lo r im e tr ic

HEFEIIENCE— L aird  a n d  S m ith , In d . Eng. C h e m A n a l .
Ed., 10,  576 (1938)

• T he a c c u r a c y  of m ercury determ inations m ade colorim etri- 
cally with s-diphenylcarbazide is confirmed by the  work of the 
above authors. The maxim um  color is formed in 15 m inutes and 
is stable for several hours. Control of the  acidity  is shown to  be 
essential. An abstrac t of the  procedure recommended will be for
warded upon request.

E astm an s-D iphenylcarbazide is supplied in a purified grade 
especially for accurate analytical work. I t  is carried in stock for • 
im m ediate shipm ent. . . . E astm an K odak Com pany, Chemical 
Sales Division, Rochester, N. Y.

Visit the K o d a k  B uilding at the N e w  Y o rk  W o rld ’s Fair

E A S T M A N  O R G A N I C  C H E M I C A L S

T h e

MACROCRYSTAL CRUCIBLE
P aten ted

N O W  B E I N G  S H O W N  A T  T H E  W O R L D 'S  F A I R

This NEW  developm ent is the  result of years of re
search effort to  develop a platinum  crucible th a t w ill 
render even more efficient and longer service. The 
vessel has a heavy w all, the  m etal structure of w hich  
consists of relatively  few and very large crystals.

The MACROCRYSTAL crucible, having a stabilized 
grain structure, removes the danger of fa ilu re /esu lting  
from accidental grain grow th . I t is less subject to 
chemical a ttack  or hydrogen diffusion.

Other recent developments are shown in  our new catalog N o. i j .

&
T H E  A M E R I C A N  P L A T I N U M  W O R K S ,  N E W A R K ,  N . J .

S E E  O U R  E X H IB IT  IN T H E  
H A L L  O F  METALS B U IL D IN G
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Q P I P M T I F i r  g l a ss  a p pa r a t u s  co.J t l L l l  I I r l U  BLOOMFIELD, N.J.

Automatic Acid Burette
WITH NEW PLASTIC ADAPTER

J-812 Polystyrene Adapter each 1.50

Modern joint construction has greatly 
improved the strength, appearance, and use
fulness of interchangeable ground glass joints. 
Illustrated here is our J-1447 Distilling Appa
ratus.

“RE-ENFORCED JOINTS” greatly in
crease the strength of glass joints and reduce 
breakage.

“STRAIGHT THROUGH” joints elimi
nate pocketing of liquid in an apparatus.

On your next special or standard apparatus 
employing ground glass joints insist on the use 
of “RE-ENFORCED” and “STRAIGHT 
THROUGH” joints.

No. J-1447A distilling apparatus, as illus
trated, 1000 cc. capacity, complete $29.45.

#  Fits all 5 pint screw cap 
acid bottles.

#  Conforms to the highest 
safety standards.

#  Only one control.

#  Automatic zero.

#  Polystyrene adapter.

%  “NO-LUB” stopcock needs 
no grease.

J-814A
ACID BU RETTE WITHOUT ADAPTER

CAPACITY GRADUATED
C.C. INTERVAL

5 0  1 - 1

100  1 -1
2 5 0  5 - 1

VACUUM DISTILLATIO N
W ITH  THE NEWEST GROUND GLASS 

JO IN TS THE “RE-ENFORCED”
AND THE “STRAIGHT TH R O U G H ”

COMPLETE

6 .5 0

6 .5 0  

8.00



AhsoWte
yiscosW

according to 
the Falling Ball Principle

HÖPPLER 
VISCOSIMETER
Because of its extreme accuracy,
w id e  s c o p e  a n d  e a s e  o f  o p e r a t io n , V iscosity  range:
the Höppler Viscosimetcr offers from 0.01 to 1,000,000 C entipoises
new possibilities in viscosity A ccu racy : 0 .1 %  to  0 .5 %
measurement. So accurate is
the Falling Ball Principle by
which viscosity is measured, that T h e  fa ilin g  tim e of
the Höppler Viscosimetcr is tlic ball m ultip lied
often used as a standard for i>y otlJer g iven  fac- 

i*i • i • . tors show s th e ab-
c a u b r a t in g  o th e r  in s tr u m e n ts .  so lu te  v isco s ity  in

I ts  wide range permits mea- centipoises.
surement from gases (hydrogen,
air, carbon dioxide, etc.) to
heavy, thick liquids, such as
syrups, cylinder oils, viscous
greases, tars and asphalts.
A t leading laboratory s u p p ly  dealers

B u lle t in  H V 251 on  request

F F S H -S C H U R M A N  C O R P O R A T IO N , U . S . A G E N T S  
254 E a s t  43rd  S tr e e t ,  N e w  Y o rk  C ity

Fish-Schurrrm

M ore th a n  800,000 H ELLIG E G lass C olor S ta n d a rd s  
ha v e  b e e n  so ld  in  d iversified  fie ld s th r o u g h o u t  th e  
w o r ld . T h ey  are p e r m a n e n tly  r e lia b le  a n d  p e rp e  tu a lly  
g u a r a n te e d  a g a in s t  fa d in g , e lim in a te  gu essw o rk , a n d  
are e c o n o m ic a l, c o n v e n ie n t  a n d  e a sy  to  u se .

H ELLIG E CO M PA RATO RS, in c o rp o ra tin g  th e se  
n o n -fa d in g  s ta n d a r d s  for pH  a n d  n u m e r o u s  o th e r  
t e s t s ,  are e n jo y in g  a n  in c re a s in g  p o p u la r ity . In v e s t i
g a te  to d a y !

S en d  for B u lle t in  N o . 605

H E L L I G E ,  I N C .
3718 N o r th ern  B o u levard  L o n g  Is la n d  C ity , N .Y .

W h e n  Coors Chem ical and Scientific porcelain W a re  reaches the finishing depart
m ent it is in a very fragile form and  is termed green ware. This ware as it comes 
from the molds, has unfinished edges, im perfe ctly  fo rm ed  lip s for pouring, and  
other imperfections. It is very interesting to watch the g ir ls  in the finishing d e 
partment shape the ware into perfect form. Handles have  to b o  affixed, ho le s  
punched, ed ges sm oothed, lips shaped for pouring. O n e  y o u n g  lady in the pic
ture herewith has before her what appear to b e  miniature clay doughnuts. She  
picks one up, rubs it with a wet sponge, works with a knife, m assages and caress
es that object until it is perfectly smooth, then she very deftly affixes it to a cover 
and, it is placed on a shelf before her, it has becom e the h a n d le  for a crucible 
cover. Spo n ge s and water assist in the sm oothing of edges; handles are shaped  
where necessary, and "stuck on." Adro it are the knife w ielders as they cut, carve 
and shape; and as you  watch, each piece of ware from the sm allest crucible to the 
largest evaporating dish is perfectly finished.

Coofi Chemical and Scientific Poccelain Ware it  ^  ^  J  E )  C -
ttOfhed by leading Laboratory Supply  ™

Uoutet throughout the ivortd. P O R C E L A I Nr n LA D  A M  V

w ith

HELLIGE

COMPARATORS
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NON-FADING
GLASS COLOR STANDARDS

for
S u p erior

pH
CONTROL

a n d
WATER

ANALYSIS

M i c r o s c o p e

with

w id e

a d a p ta b i l i t y

INDUSTRIAL AND ENGINEERING CHEMISTRY

MICROSCOPES
MICROTOMES
PHOTOMICROGRAPHIC
EQUIPMENT

REFRACTOMETERS
COLORIMETERS
SPECTROMETERS
PROJECTORS

Spencer Lens Company

The Spencer No. 33 Mi
croscope is adaptable to 
almost any type of mi
croscopic observation, 
because it accommo
dates all Spencer microscope accessories.
I t  is designed for convenience in quickly chang
ing magnifications or types of illumination, for 
photomicrography, for measuring, counting or 
the examination of materials. I t has many 
exclusive Spencer features.
Spencer instruments have earned world-wide 
recognition for their optical excellence and 
mechanical perfection . . .  for their lifetime pre
cision features.

Write Dept. T 48 for catalogs describ
ing Spencer laboratory instruments.
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WHATMAN 
Filter Papers

f o r  Iron  a n d  A lu m in u m  
H ydrox ides

T he filtra tio n  of Iron and 
Aluminum Hydroxides can be one 
of the most time wasting, exas
perating procedures in analytical 
chemistry unless the proper paper 
and technique are employed.

In filtering these gelatinous sub
stances, the addition of small quan
tities of pulp made by macerating 
WHATMAN Ashless Tablets in 
distilled water is a great time saver, 
facilitating filtering, washing and 
drying.

WHATMAN Filter Paper No. 
41-H should always be used when 
the precipitate must be weighed. 
This hardened ashless paper filters 
rapidly, can be washed repeatedly 
without pulping and removed from 
the funnel without danger of tearing.

When only the removal of the 
precipitate is required as in Zinc 
Analysis, WHATMAN No. 4, a 
very rapid filtering qualitative 
grade, is recommended.

Whichever grades of WHATMAN 
your work requires, you will fmd 
them uniformly reliable, immediately 
available and reasonably priced.

Sam ples cheerfully supplied .

H. REEVE ANGEl & CO., Inc.
7-11 S p ru ce S t . N ew  Y ork , N . Y .
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recent CAMERON 
pH RECORDER installations

settling tanksSTARCH

PAPER ...........bleacher and head box
TEXTILE  wool scouring

SEW ERAGE........... chloride control

R E SE A R C H ........... ferm entation studies

The CAMERON pH Recorder AUTOMATICALLY notifies your 
machine operator when the pH of vat liquor change? from optimum 
range set! This “production policeman” will eliminate losses 
through spoilage, guaranteeing a uniform product and provide 
you with a permanent record!

Only the glass electrode may be 
used, without “poisoning,” in 
such a variety of solutions as the 
bleaching liquor of the paper 
plant, the caustic wool scouring 
solution in the textile plant or 
the turbid media in a fermenta
tion vat. The CAMERON is 

basically and fundamentally correct! Your physicist immediately 
recognizes the standard Wheatstone bridge circuit, in which Dr. 
Cameron has incorporated an lippley Standard Cell for basic 
calibration. It is automatically restandardized, a Cameron fea
ture! The Recorder does NOT depend on trick conversion vacuum 
tubes for its stability!

□  We’ll gladly send sample charts, plant layout and literature, 
if you are interested in reducing costs through AUTOMATIC 
pH recording! Tell us your application, please, for definite 
quotation!
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Subscription Rates
American Chemical Society Publications

1. Journal American Chemical Society....................................  $ 8.50
2. Chemical Abstracts..................................................................  12.00
3. Industrial and Engineering Chemistry.

a. Industrial Edition........................................... $3.00
b. Analytical Edition.......................................... 2.50
c. News Edition...................................................  1.50
3a and 3b together...............................................  5.00
3a, 3b and 3c (i. e., complete journal)............. 6.00

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, $1.50; 2, $2.10; 3a, $1.20; 3b and 3c, $0.60 each; 3 
complete, $2.40. Canadian postage one-third these rates.
Single copies of current volumes, 75 cents each, except 3b ($.50) and 
3c ($.10).

BACK N U M B E R S AN D  V O LU M ES

Jour. Am. Chem. Soc., Vols. 28-60 (only ones available), each.............  S 9.00
Index to Vols. 1-20........................................................  1.00
Single copies, some prior to Vol. 28, each..........................................  .80

Chemical Abstracts, Vols. 1-32, including 1st and 2nd Decennial
Indexes..............................................................................................  645.00

Vols. 9-15, each.......................................................................................  20.00
Vols. 16-32, each.....................................................................................  15.00
Single copies, except Index Nos., each................................................ .80
Annual Index, each year........................................................................ 2.50
2nd Decennial Index, 5 Volumes.......................................................... 50.00

Ordered with 3rd Decennial Index before June 1, 1939, or
for replacement.......................................................................  25.00

3rd Decennial Index, 5 Volumes..........................................................  100.00
Contingent discount of 50% t0 individual members, contributing firms, 
educational institutions and public libraries in the United States. 

Industrial and Engineering Chemistry
Industrial Edition, Vols. 1-30.............................................................  270.00

Vols. 9-30, each...................................................  9.00
Single copies, each..............................................  .80

Analytical Edition, Vols. 1-10.............................................................  40.00
Vols. 4, 5, 7, 9, 10, each..................................... 4.00
Single copies, when available, through Vol. 8,

each .................................................................  .60
Single copies, Vols. 9-10, each..........................  .50

News Edition, Vols. 1-16, each...................................................  2.00
Single copies.........................................................  .10

Volumes not priced singly, available only in complete sets.
Members, for personal use, 20% discount from above prices, except complete

sets, Decennial Indexes, and single copies of the News Edition.
Advance payment is required in all cases and must be made by postal order 

or check payable in D. S. currency on a bank in the United States.
DOMESTIC SHIPMENTS. Single copies are sent by mail. Full volumes 

and sets are sent in the United States and Canada express collect.
FOREIGN SHIPMENTS. Additional charge for postage. Foreign ship

ments will be sent by mail either at purchaser’s risk or by registered mail at 
postage cost plus 5% of invoice additional for registry; minimum charge, 75 
cents. Large shipments will be delivered free, if desired, to responsible forward
ing agents in New York, 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.

Subscribers desiring their journals 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 at 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.

Address communications relating to the foregoing to 
CHARLES L. PARSONS, Business Manager, Mills Building, Washington, D C.
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N E W  BOOKS

CASEIN
and Its Industrial Applications

E d w i n  S u t e r m e i s t e r  a n d  F r e d e r i c k  L. B r o w n e  

A.C.S. Monograph No. 30 
Second Edition, Completely Rewritten 

Casein production in the U. S . has in the last decade leaped 
into an important position. Technical research on many 
new casein products has brought about such far-reaching 
changes in manufacturing processes that a second greatly 
expanded edition of this Monograph, originally published 
in 1927, became essential.
In addition to increased use in the paper, leather and glue 
industries, three spectacular developments have tremen
dously enlarged the demand for casein, namely, plastics; 
casein paste paint; and casein fibre, which may soon rival 
rayon in commercial importance. These recent develop
ments are described in detail and critically evaluated.
On the theoretical side great progress has been made to
ward a better understanding of this complex protein. The 
organic and physical chemistry of casein are discussed at 
length, and avenues for further research are opened up.

CHAPTERS
Introduction.
Casein in Milk and Its Isolation, Frederick L. Browne.
The Organic Chemistry of Casein, Ross Aiken Gortner. 
The Physical Chemistry of Casein, Frederick L. Browne. 
The Manufacture of Casein, Arnold 0 . Dahlberg.
Testing and Analysis of Caseins, Edwin Sutermeister. 
Storage of Casein, Albin H. Warth.
Casein Plastics, George H. Brother.
Casein Glues, Frederick L. Browne and Don Brouse.
Casern in Paper Making, Edwin Sutermeister.
Casein Paints, Albin H. Warth and Frederick L. Browne. 
Casein in the Leather Industry, Edwin S. Cavett. 
Alimentary and Medicinal Uses of Casein, Henry A. 

Sehuette.
Miscellaneous Uses of Casein and Statistics, Edwin Suter

meister and Louis A. Olney. Index.
448 Pages Illustrated, 13 Chapters $6.50

PROPERTIES OF

GLASS
G e o r g e  W. M o r e t  

The Geophysical Laboratory, Washington, D. C.
Monograph No. 77 

The swift emergence of glass from a sphere of limited utility 
to a position of eminence in which it is now challenging the 
supremacy of both steel and cotton makes this treatise on 
its properties indispensable to all engineers, chemists and 
physicists. The researches of the past two decades have 
resulted in important advances in our understanding of the 
constitution and structure of glass.
Dr. Morey’s book, more than 10 years in preparation, gives 
detailed and critical discussions of all phases of the physics 
and chemistry of glass, including viscosity, heat capacity, 
optical and elastic properties, strength, hardness, etc. It 
deals fully with the extent to which these and other proper
ties are affected by the composition and annealing tech
nique. The chapters, entitled respectively “The History 
of Glass” and “The Constitution of Glass” in themselves 
constitute a broad treatment of subjects of general interest. 
The attempt has been made to include all measurements on 
glasses of known composition. The many tables contain 
a wealth of valuable data.
561 Pages 20 Chapters, Illustrated S12.50

Reinhold Publishing Corp.

16 “Firsts”
prove

COLEMAN  
Leadership

•

l Q ' i A  ^ le  2 0 0  Coleman pH Elec-
* S '* *  • trom eter w as introduced. The first 

portable Glass Electrode meter, this instrument 
incorporated in the o rig ina l model:

1. Sealed G la ss  and  Sealed Reference Electrodes.

2. Sm all, rugged, practicable G la ss  Electrode.
3. The orig ina l “ A P "  adjustment.

4. A  practicable im pulse  am plifier.
5. Com pensated  Electrode M ounting.

"I Three eventful years had e la p sed —
■ *  ̂  pH w as now a practical industrial

procedure. Competition had begun to develop . 
Based on the experience o f this period Coleman  
engineers d eve lop ed  and o ffe r e d — again  first:

6. M e ta l-G la ss  sealed. Guaranteed Electrodes.

7. A  tuned G la ss  Electrode Circuit.
8. Com pensated  extension  leads.

9. A  greatly im proved im pu lse  Am plifie r.
10. Autom atic Temperature Com pensation.

1  Q O Q  Two more years which saw  the fe a -
■ *  *  tures originally utilized by us in 1934

used wholly or in part b y  a ll com petitive instru
ments. More important, this period saw  Coleman 
engineers leading with still more original features:

11. A  reproducib le paste liqu id  junction.

12. Continuous F low  Tubu lar Electrode.

13. Solution pH Temperature Com pensation.
14. Stable metal connected Electrodes.

15. Autom atic "n u l l  C ircu it" pH  meters.
16. Autom atic Electron ' ‘S ign ante ."

Bring your pH problems to us and b e  assured o f  the 
latest developm ents. The ingenuity o f  Coleman 
engineers has been  proven by the unquestioned 
superiority o f Coleman pH equipment. The services 
o f these engineers are at your disposal. W rite 
us today.

A
V COLEMAN

COLEMAN
ELECTRIC CO., INC.
310 MADISON ST. MAYWOOD, ILL.
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S E T T I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2  T O

Ba k e r  ^  A dam so n
Divis ion of G E N E R A L  C H E M IC A L  C O M P A N Y ,  40  Rector St., N e w  York £ , H f \ c M s
Atlanta • Baltimore * Boston • Buffalo • Camden (N. J.) • Charlotte IN. C.l * Chicago • Cleveland • Denver • Houston • Kansas City 
L o i  Angeles • Milwaukee • M inneapolis • Montezuma (Ga.I • Pittsburgh • Providence IR. I.) • San  Francisco * St. Lou is»  Utica IN . Y.) 
Wenatchee (W ash.) • Yakima fW ash.) • In Canada: The N ichols Chemical Company, Limited • Montreal • Toronto ■ Vancouver

V O L U M E T R I C

G R A V I M E T R I C

C O L O R I M E T R I C

PHOSPHORUS
DETERMINATIONS
W h e th e r  it is the phosphorus content of a steel, a 

detergent, or a food; whether it is a rapid determination 

or an accurate determination down to the fourth decimal 

place, Baker and Adam son has a reagent suitable to 

the purpose.

F O R  S E P A R A T I O N  OF  P H O S P H O R U S -
CODE NO.

1114 Acid Molybdic, Reagent 
1120 Acid Nitric, C.P., A.C.S.
1293 Ammonium Hydroxide, C.P., A.C.S.
1302 Ammonium Nitrate, Crystal, Reagent, A.C.S. 
2122 Potassium Nitrate, Crystal, Reagent, A.C.S.

F O R  V O L U M E T R I C  A N A L Y S I S - - - - -
2052 Phenolphthalein, Powder, Reagent, A.C.S. 
2255 Sodium Hydroxide, Pellets, Reagent, A.C.S.

—  F O R  G R A V I M E T R I C  A N A L Y S I S - - - - - - - - - -
1286 Ammonium Chloride, Granular, Reagent, A.C.S. 
1909 Magnesium Chloride, Crystal, Reagent, A.C.S. 

Filter Paper

 F O R  C O L O R I M E T R I C  A N A L Y S I S - - - - - - - - - - - -
1208 Acid Trichloracetic, Crystal, Reagent 
1795 Hydroquinone (Hydrochinone)
2130 Potassium Phosphate, Monobasic, Reagent, A.C.S. 
2301 Sodium Sulfite, Anhydrous, Powder, Reagent, A.C.S.


