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CONSTANT 
TEMPERATURE 

OVEN

AIR DRYING

The C enco C ylindrical Constant Tem perature O ven 
has a drying cham ber 14 Vs inches in d iam eter by 
10 y/ i  inches deep. It m ay be set to operate at any 
tem perature from a few degrees above that of the 
room to about 210° C. Constancy at any tem pera­
tu re  is well within the allowable range of tem pera­
ture variation for all ordinary work. Precision of 
regulation at 100° C is well within a variable of 1° C.

V A C U U M  D R Y I N G
with accessory

VACUUM CHAMBER

C H IC A G O  

1 700 Irving Park 

Road 

Lakeview  Station

KSmm

S C I E N T I F I C
I N S T R U M E N T S

New  York •  Boston • C H I C A G O

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

•  Toronto •  San Francisco

B O S T O N  

79 Am herst St. 

Cambridge A  

Station

9 5 0 5 0 A

Uniformity of tem perature distribution is excellent. 
D eparture from the average tem perature at any 
point in  the operating range is within 1° C. At 
maximum tem perature only 400 watts a re  requ ired  — 
about 40%  less than  requ ired  for an  electric toaster 
or flat iron.

95050A C en co -D eK h o tin sky  O ven, for 115 or 
230 volts A .C ..........................................$90.00

95055 shown in no. 9 5 0 5 0 A  Oven.

The need  for g reater speed  in  com pleting dry­
ing operations brought so m any requests for a 
vacuum  oven, similar to No. 95050A Cenco- 
DeKhotinsky O ven, that w e are now offering a 
vacuum  cham ber w hich can  be  inserted  into 
the cham ber of this oven. The cham ber made 
of tinned steel perm its em ploym ent of tem­
peratures as high as 150° C  and  pressures as 
low as a fraction of a millimeter. Complete 
with vacuum  connections and  dial vacuum 
gage, bu t w ithou t therm om eter.

95055 V acuum  C h a m b e r ....................$45.00
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A Special Service in a Special Way!
W h e n  r e s e a r c h  in d ic a t e s  c o m m e r c ia l  
q u a n t i t i e s  o f  r e a g e n t  c h e m i c a l s  m a y  
b e  a d v a n t a g e o u s ly  u s e d  in  y o u r  p r o ­
d u c t io n  p r o c e s s ,  c a l l  i n  B a k e r  & A d a m ­
s o n .  W e  a r e  i n  a  p o s i t i o n  t o  d i s c u s s  
t h e  f e a s i b i l i t y  o f  o b t a in in g  y o u r  r e ­

q u i r e m e n t s ,  a s s i s t  i n  d e t e r m i n in g  s p e c i f i c a t io n s ,  
a n d  p r o v id e  y o u r  n e e d s .  W h y  n o t  l e t  u s  p la c e  
o u r  k n o w le d g e  a n d  f a c i l i t i e s  a t  y o u r  d is p o s a l?  
A  g r o w in g  n u m b e r  o f  m a n u f a c t u r e r s  is  r e g u ­
la r ly  u t i l i z i n g  o u r  o r g a n iz a t io n  f o r  t h i s  p u r p o s e ,  
c o n f i d e n t i a l l y ,  o f  c o u r s e !

B & A  R E A G E N T S  O N  T H E  W A R  P R O D U C T I O N  F R O N T , :  # 2 ,  T H E  P E T R O L E U M  I N D U S T R Y

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 H  ^ £ _T fc 7ir K&oqjZMt

B a k e r  &  A d a m so n
Division o f G E N E R A L  C H E M IC A L  CO M PAN Y, 4 0  Rector St., N ew  York C .T ?  A r c û /s
Sales O ffices:  A tlan ta  • B altim ore • Boston • B rid g ep o rt {Conn.} * Buffalo • Charlotte (X . C.) • Chicago • Cleveland
Denver • D e tro it  • H ouston • K ansas C ity • M ilwaukee • M inneapolis • New York • P h ilad e lp h ia  * P ittsb u rg h

Providence (R. I . )  • S t. Louis - U tica  (N. Y .)
P acific  Coast Sales O ffices:  San Francisco  • Los Angeles • P acific  Northw est Sales O ffices:  W enatchee (W ash.) » Y akim a (W ash.) 

In  Canada: The Nichols Chemical Company, L im ited  • M ontreal . Toronto • Vancouver

Reagents play an important part in the production 
of 100 octane gasoline—the gas that gives our 
planes "extras” in speed and power.

The Petroleum Industry is using Reagents for 
many other war purposes, too. Petroleum research, 
which genie-like pulls such prime war essentials 
as toluene and glycerine from cracking towers, 
utilizes reagent chemicals regularly. The quality 
and uniformity of the oils and greases that lubri­
cate our military machines and war production in­
dustries are maintained with the help of reagents.

In the amazing "forward march” of petroleum 
chemistry, B &A Reagents have been widely used 
and accepted because they can be relied upon.

Manufactured by Baker & Adamson, a division of 

one of America’s largest chemical companies, they 
are backed by 60 years of experience in reagent 
manufacture.
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t l e ï o ié èor
Hoskins laboratory furnaces stand a lot of hard going. 

This is possible because of the fine durability of their 

Chromel elements. Our FD furnace show n here is designed  

to operate only on one given voltage. On 110 volts, this 

permits the use of w ire having 2 1/s times the cross- 

sectional area of the w ire used in a given furnace to run 

on both 110 or 220 volts. A lso  the Chromel unit is easy  

to get at, and easy  to renew. . . . This furnace m ay be 

had, equipped with a sm all, inexpensive pyrometer as  

shown. For full description of all 

Hoskins Electric Furnaces, ask for 

Catalog 58. . . . Hoskins M anufac­

turing Com pany, Detroit, M ichigan.

We have, at no charge to you, a  
handy little Heating Unit Calcu­
lator,  that show s how  to design 
Chrom el units o f 2 5 0  to 1000  
w atts. G lad  to send you one.

HOSKINS PRODUCTS
ELEC T R IC  HEAT TREA TIN G  FU RN A CES •  •  H EA TIN G  ELEM EN T A LLO Y S  •  •  TH ERM O CO U PLE AND  

LEAD WIRE •  •  PYROMETERS •  •  WELDING W IRi •  •  HEAT RESISTANT CASTINGS •  •  ENAMELING 

FIXTURES •  •  SPARK PLUG ELECTRODE WIRE •  > SPECIAL ALLOYS OF NICKEL •  •  PROTECTION TUBES
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STANDARD for Gravimetric, Gasometric
or Titrimetric Analysis

r
For purposes of standardization, 
Congress, in 1838, directed the 
Secretary of Treasury to furnish  
uniform balances to each state in 
the Union. The 50-pound balance  
a n d  th e  2 5 - p o u n d  b a l a n c e  
furnished are shown here.

Standardized as carefully as official weights and measures, M allinckrodt 

Analytical Reagents are refined to fixed and predetermined standards. 

Upon emptying one bottle of a M allinckrodt A. R. Chemical the analyst 

can s ta rt a fresh one with certainty of the same standards of purity.

W hy not request a catalogue of M allinckrodt Analytical Reagents and other 

laboratory chemicals.

ALWAYS SPECIFY REAGENTS IN MANUFACTURER'S ORIGINAL PACKAGES

MALLINCKRODT CHEMICAL WORKS
ST. LOUIS • PHILADELPHIA • MONTREAL

CHICAGO • NEW YORK . LOS ANGELES
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The F U L F I L L E D  PROMISE  

of a QUARTER-CENTURY AGO 

STRENGTHENS the PLEDGE of TODAY

X n  th e  face o f  a great em ergen cy  a q u a rter-  
cen tu ry  ag o , i t  w as n ecessary  to  crea te  a n ew  in d u stry  
in  A m e r ic a — th e  m a n u fa c tu r e  o f  h ig h -g ra d e  lab oratory  
a n d  p h a rm a ceu tica l g lassw are.

T h e  K im b le  G lass C om p an y is prou d  in d eed  o f  its  
a c h ie v e m e n t in  m e e t in g  d em a n d s d u rin g  th a t  em erg en cy .
I t  is  eq u a lly  proud o f  i t s  fu lf illm e n t  o f  a p led ge  m a d e  to  
sc ien ce  an d  in d u stry  a t  th a t  t im e , a  p led ge  to  d esign  an d  
p rod u ce , b y  A m erica n  lab or , lab oratory  an d  p h a rm a ceu ­

tic a l g lassw are to  eq u a l or su rp a ss th e  p rod u cts o f  E urope.

N ow  w e are a ga in  in  a grea t em erg en cy . G lass  
p rod u cts su c h  as K im b le ’s are u r g e n tly  n eed ed  by A rm y  
an d  N avy m ed ica l u n it s ,  b y  p u b lic  h e a lth  serv ices, b y  th e  
sk illed  p ro fessio n s w h ich  sa feg u a rd  th e  w h o le  A m erican  
p eop le , f ig h tin g  u n d er  arm s or serv in g  a t  h o m e . A ppara­
tu s is  n eed ed  in  in d u str ia l la b o ra to r ies  w here stra teg y  
a n d  ta c tic s  are w orked  o u t  to  w in  th e  B a tt le  o f  P ro d u c­
tio n . T h e  d em a n d s are v a stly  m o re  co m p lica ted  and  
ex ten sive  n o w  th a n  tw en ty -fiv e  years ago .

T od ay  th e  K im b le  o r g a n iz a tio n  ren ew s its  p led ge , 
and  is  d ev o tin g  every fa c ility  to  m e e t  th e  d em a n d s for 
m a ter ia l so  im p o r ta n t  to  u lt im a te  v ictory .

• • • T h e  V i s i b l e  G u a r a n t e e  o f  I n v i s i b l e  Q u a l i t y  • • *

KIMBLE GLASS COMPANY- —  VINELAND, N. J-
N E W  Y O R K  •  C H I C A G O  •  P H I L A D E L P H I A  •  D E T R O I T  .  B O S T O N  •  I N D I A N A P O L I S  S A H  F R A N C I S C O
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SURPASSING PERFORMANCE
Shown by impartial tests

Duo-Seal Pum ps are fa­
mous for their outstanding 
durability, qu iet operation, 
and  h igh  vacuum  p e r­
form ance— less than  .05 
m icron guaranteed .

Also supplied with a larger motor 
giving 57 liters free-air capacity 
per minute and a vacuum of 0.1 
micron  ................. $155.00.

PUMPS PRICED AS LOW AS
..................................... $39.50.

W . M. W elch Scientific Company
E stablished  188 0

1518 Sedgw ick Street Chicago, Illinois, U .S .A .

In every well equ ipped  laboratory, and  for countless 
industrial applications, a rotary oil type vacuum  pum p 
is essential. This W elch pum p answ ers the h igh  re ­
quirem ents of X-ray tube production and  the whole 
field of electron physics studies, as well as p roducing  
convenient vacuum s for distillations, vacuum  freezing 
and  drying.

W e now  have limited stocks for 
immediate shipment.

W AR R E Q U IR E M E N T S H AVE M A D E  U S  T R IP L E  
O UR PR O D U C T IO N  F A C IL IT IE S.

No. 1400-B (above) 
DUO-SEAL VACUUM PUMP 
Motor Driven. Vacuum to less than 0.1 
micron and free-air capacity of 21 liters 
per minute.......................................... $75.00.

No. 1405-H (at right)
DUO-SEAL PUMP, Motor Driven. Vacuum to less 
than .05 micron and free air capacity of 33.4 liters 
per minute.......................................................... $140.00.

Write for this 32-page Book. It's a scien­
tific treatise on vacuum pumps, methods 
and techniques, seals and gauges. It is 
free!
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A.H.T. CO. S P E C IF IC A T IO N

AIR DRIVEN S T IR R IN G  APPARATUS
A'NEW  MODEL, OF S IM P LE  DESIGN AND HIGH TORQU E, E S P E C IA L L Y  A T LOW SPEED S

R E P L A C E S ,  F O R  M A N Y  P U R P O S E S  
S T I R R E R S  W I T H  E L E C T R I C  

M O T O R  D R I V E

AIR DRIVEN STIRRING  APPARATUS, A. H . T. Co. Speci­
fication. A new.model, of simple design and high torque, espe­
cially a t low speeds; with piston drive, for operation a t variable 
speeds by means of compressed air or vacuum. Operates on 
pressures as low as 2 lbs. Recommended particularly  for use in 
laboratories where volatile liquids or explosive vapors make 
hazardous the use of m any electric stirrers.

The piston drives a s tu rdy  machined flywheel, 3M inches di­
am eter, and attached stirrer shaft. Air under positive or nega­
tive pressure reaches the piston cham ber through a hollow tube, 

diJWi 4 inches long, x ^ - in c h  o.d., by which the apparatus can be 
attached  to ordinary support stands. The adjustable chuck 

9224- takes m etal or glass rods M-incli diam eter. R ubber tubing l/ i -  
inch bore can be used to  connect the S tirrer to pressure or vacuum  
source.

M aximum speed, w ithout load, a t 15 lbs. air pressure is approxim ately 
2500 r. p. m., which can be reduced by changing the pressure a t the source. 
Requires approxim ately 1.3 cu. ft. of compressed air per m inute a t  above 
speed. Will mix 4 liters of alum inum  hydroxide 10% solution thoroughly in 
a 4 liter beaker using 15 lbs. air pressure.
9224. Stirring Apparatus, Air Driven, A. H. T. Co. Specification, as

above described^ with adjustable chuck and stirring rod of 
Monel metal 9 inches long with propeller 1 inches diame­
te r .........................................................................................  10-00

9224-A. Ditto, with adjustable chuck but without stirring rod... 8.50

9224-B. Ditto, without chuck or stirring rod but with shaft, ^-inch
diameter, extended approximately 2 inches for affixing stirring 
rods by means of rubber tubing secured by wire, etc. As sug­
gested by the Squibb Institute for Medical Research. Its 
use increases personal safety and permits the stirrer to be used 
either remote from, or a t an angle to, the shaft if pressure tub­
ing of suitable length is used for flexible connection. Without 
glass stirring rod or rubber connection..........................  7.65

9226. Stirring A ssem b ly , Air D riven, A. H . T . Co. S pecification , sim ilar to  ab ove b u t  
for use in  deeper b ath s or larger b o ttles . W ith  brace to  elim in ate  
“ w hip" and insure sa tisfactory  operation  in  deep containers. C om plete  
w ith  sup p ort w ith h eavy , sem i-circu lar base shap ed  to  fit around cy lin ­
drical vessels  up to  12-inches d iam eter and  w ith  cadm ium  p lated  stee l 
rod 30 inches long x 54-inch d iam eter. T h is su p p ort provides greater 
s ta b ility  and quieter operation  th an  th e  usual ty p e  sup p ort. W ith  
clam p holder b u t w ith ou t glass jar show n  in  illu stration .
L ength  of stirring rod, in ch es ..................................................  12 18
D iam eter of propeller, in ch es ......................................................_2___________2
E a c h ......................................................................................... 19.05 19 .55

9227. D itto , Stirrer on ly  w ith  ad justab le chuck and M on el m eta l stirr ing rod w ith  
propeller end.
Length  of stirring rod, in ch es .............................................  12__________18
E a c h ............................................................................................

9224-B.
W ith  sh a ft  for affixing  
stirring rods b y  m eans of 
flexib le rubber con n ection

14.25 14 .75

9226.
W ith  12-inch M on el stirr ing rod w ith  brace and w ith  
propeller end, com p lete on h ea v y  b ase w ith  30-in . rod

10% d iscoun t in  lo ts o f 12, No. 9224 to  9227 assorted

ARTHUR H. THOM AS COMPANY
R ET A IL — W H O L E S A L E — E X P O R T

LA BO RA TO RY APPARATUS AND REA G EN TS
W EST WASHINGTON SQUARE, PH ILA D ELPH IA , U. S. A.

Cable Address, “Balance” Philadelphia
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Potentiometrie Titrations
A Review with Bibliography
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THIS paper a ttem pts to cite the chief aspects of published 
work in the field of potentiom etric titra tions and related 
simplified m ethods th a t depend upon changes in electrode 

potentials a t the end points of titrations. The period in­
cluded is th a t from the tim e of a preceding review {162) to  the 
end of 1941. A partial review by the author based on this 
and other fields of electrotitration has appeared (166). M ore 
or less recent reviews of the field have been published by 
Lassieur (329), Fell (135), and Lederer (333). M ention 
should also be made of monographs or books in this field by 
Bottger (47), H iltner (229), Kolthoff and Furm an (299), and 
Muller (387). Useful data  on oxidation-reduction potentials 
are to be found in Latim er’s treatise (330).

The field will be reviewed under the general headings of 
Theory, A pparatus and Technique, and Applications.

T heory
T h e  A c i d - A l k a l i  F i e l d .  A  further detailed m athem at­

ical consideration of the appearance of inflections, the titra ­
tion error, and the relative u ltim ate accuracy of indicator and 
e. m. f. m ethods has been given by Roller (463) and by Kilpi 
(293,294) • The la tte r has considered in detail the m athem at­
ical theory of the equivalence point, buffer action, the step- 
wise titra tion  of dibasic acids, the theory of the titra tion  error, 
and basic dissociation constants in glacial acetic acid (293). 
The conclusions of these recent studies are not widely dif­
ferent from those of B jerrum  (1911). In  general, the appear­
ance of an inflection is governed by  the m agnitude of Kc 
(where K  is the ionization constant of the weak acid or base 
and c the concentration) relative to  K BOivont. In  aqueous 
solutions no inflection appears unless K c  is >  27K w. For 
practical analytical purposes K c  should be greater than
lO-io The classical potentiom etric m ethod is capable of 
about three times the sensitivity of titra tion  to  the color tin t 
of a reference solution.

The calculation of approxim ate ionization constants from 
titration curves is described in detail by  H ahn and Klock- 
mann (216, 219).

The theory of the differential titra tion  of a  strong or a weak 
acid by the general procedure of M aclnnes has been treated 
by Giraut-Erler (185, 186).

P r e c i p i t a t i o n .  The theory of second-class electrodes has 
been reviewed by  Ringbom (452; cf. 450, 451), w ith especial 
reference to titra tions w ith lead n itra te  as reagent.

The chief novel trend in the precipitation field is the 
development of the principles of operation of so-called third-

class electrodes as indicators for titrations. The electrode 
systems are of the type: m etal,/solid Mi A /solid M 2A,
where Mi and M 2 stand for different m etals whose salts w ith 
A are slightly soluble. The electrode is desired to  be an 
indicator for the ions of M 2, for which no convenient solid 
electrode is available. The electrodes th a t have been inves­
tigated have been chiefly those which m ight indicate the 
concentration of calcium ion—e. g., silver-silver oxalate- 
calcium oxalate. The theory has been developed by Le- 
Blanc and H arnapp (332). The two solubility products are:

S, =  (B,+) (A~) and Ss =  (B2+) (A~)

where B t+ and B 2+ are the cations and A -  is the common 
anion. The effect of a small increase in the concentration of 
B i+ from (B2+)0 to (B2+)0 +  c is considered in term s of c, 
Si, S2, and (B2+)0. The expression th a t results for c is:

2S, +  S2 +, ,
2(5. +  S2) ( 2 )o +

J (2)Si +  S2)2 ,R _  Si (f, +\ j ___
A 4(5, +  S2)2 ( 2 )o Si +  Si ( 2 )o +  Si +  Sj

The condition c =  0 is the most favorable one for a  good 
indicator electrode because this means th a t no change in the 
cation content of the solution occurs through the formation 
or solution of the precipitate. The ideal condition is most

2jSj -j- Si
closely approxim ated when —=— ■— =  0.5. A sum m ary of

Z(i>i +  o 2)
the electrodes of this class th a t have been studied is given 
under Applications.

Polarometric Titrations. Although logically beyond the 
scope of this review, certain titrations based upon the drop­
ping mercury electrode are closely analogous to titrations 
with polarized electrode systems. In  the polarometric 
(amperometric) m ethod it  is often necessary to  p lot current 
vs. volume of reagent added w ith correction for the change in 
volume. The dropping m ercuiy electrode m ay serve as an 
indicator for ions such as lead, calcium, barium, sodium, 
etc., for which in general no satisfactory direct indicator elec­
trode can be prepared (2, 298, 300-308, 328, 358, 411, 413). 
This new technique is not limited to  precipitations, b u t has 
been shown to be applicable also to  oxidation-reduction 
titrations (541, 553). In  certain cases the end point is 
marked by  either an increase or decrease in current th a t is so 
ab rup t th a t plotting of d a ta  is unnecessary (306).

367
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O x i d a t i o n - R e d u c t i o n .  M ohr (379) has pointed out 
again th a t the equivalence potential is not a t  the average 
between the two standard  potentials of the higher and lower 
oxidation-reduction systems (cf. 299, pages 45-6), As is 
well known, this point is a t  a weighted mean of the two stand­
ard potentials. In  general, for the reaction aOxi +  6Red2 ^

oRedi +  bOx2, the equivalence potential is E e — — — 7-7—a +  0
where E 0 is the standard  potential for the higher and E"0 for 
the lower of the oxidation-reduction systems.

Travers (589) has considered the question of making pre­
dictions from oxidation-reduction theory. Irreversible effects 
a t  electrodes and slow rate-determining steps often make 
predictions difficult.

The detailed m athem atical theory of the course of e. m. f. 
during oxidation-reduction processes has been treated by 
Michaelis and associates (869-871) and by Geake (180). 
The polarographic technique has also proved to be significant 
in this field (398).

In the case of semiquinone formation, which was the chief 
point of interest in developing the theory, Michaelis formulates 
the transformations for substituted paraphenylene diamines, 
which are the types of compounds that were studied most ex­
haustively, as follows:

+  e

Rs
Reduced

form,
R

quinone,
S

+  e

+ N
I

B.
Totally oxidized 

form,
T

The respective concentrations of the three forms are symbolized 
by r, s, and t. The equilibrium constant is

e  = e ;  + RT  
2 F In X

2 -  X? +

R T  1n X  -  I *  V ( X  -  l )2 +  4AT2 -  X )/K  
2F " 1 -  X ±  V ( X  -  l )2 +  4X(2 -  X )/K

If the equilibrium constant of a particular semiquinone forma­
tion process is very small, Equation 4 reduces to the familiar 
equation for a process involving two electrons:

E  =  El +  R T  . r +  s +  /
2 F n (  x

- (f +t +ï)
whereas a t large values of K  the curve is composed of two 
branches, each of form corresponding to

P„ , R T  (Ox)
E  -  E t +  - y  in  ^

In  Figure 1 is given Michaelis’ plot of values of E  vs. values 
of X  for various values of the constant.

Geake (180) has given a detailed m athem atical analysis of 
the possibilities, including formation of slightly soluble 
interm ediate products.

M üller (399-402) has shown th a t an appropriate modifica­
tion of Equation 4 m ay be applied to a  study of semiquinone 
formation by  the polarographic technique. This is no t so 
accurate as the potentiom etric method, b u t perm its the study 
of labile radicals, and m ay also be applied in the range of 
over-voltage where the platinum  electrode is no t suitable.

Compulation of Inflections. W hen the plots of e. m. f. vs. 
milliliters of reagent are n o t sharp, or the corresponding ob­
servations do no t give a clear indication of the end point, it 
may still be possible to  estim ate the end point w ith fair pre­
cision, provided the reagent has been added in small equal 
increments. H ahn (217), H ahn and Klockm ann (218), Fen­
wick (136), and later Shibata (496) have dealt w ith this 
question.

An illustration will make clear the simple application of the 
change in the second difference quotients of e. m. f. with milli­
liters of reagent. Let Vi, Vi, 7 S, and Vt be volumes read at equal

K  — rt ( 1)

The relation r +  t = 2s must also hold.
If the solutions are properly buffered during the oxidation 

studies, the two possible stages of the process are represented by

E t? _i_ R T  . s
El +  T  n r

E  = E , + ^  \ n \

and for the complete process

E um  -  Em +  —  In -  Zr r
where

Em Ei +  Ei

Let the total concentration of substance be 

a = r +  s -f  i (2)

and let x be the molar concentration of oxidant added, starting 
with the pure reduced form of concentration r.

(3)

Upon combining expressions 1, 2, and 3 with the electrode ex­
pression and letting x /a  be represented by X , the following general 
equation is obtained:

F i g u r e  1 . E vs. X , F r a c t i o n  O x i d i z e d ,  f o r  V a r i o u s  V a l u e s  
o f  C o n s t a n t  K  o f  S e m i q u i n o n e  F o r m a t i o n
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increments of reagent and the corresponding e. m. f. values be 
E\, I'.-i, E$, and E\.

Ei Et E j E k Ei
E. m. f. 0.422 0.437 0.458 0.475 0.489

Vx Vi Vz VA 7»
Volume of reagent 30.20 30.40 30.00 30 .80 31.00

AZ?/Aml. 7 .5 10. 5 8.,5 7
A*#/Ami.* 3 .0 - 2 . 0 - 1 . 5

Di Dt

The end point lies between 30.4 and 30.6, since the values of 
A‘‘E /  Ami.2 change sign, and the end point is calculated to be at
30.4 +  0.2 X 3~7p~9 =  30.o2. In general, the volume to be added
to the last buret reading before the change in sign of the AlE/ml.2
values is jr—-¿ - jr  X volume increment, using the numerical
values of Di and D% without regard to their signs.

The deviation between the theoretical and actual volumes 
:n titrations w ith unsymm etrical curves has been discussed by 
Murgulescu and Dr&gulescu (404), and by  H ahn, Frommer, 
and Schulze (214)• H ahn (206, 213) has treated  the effect 
of errors and interferences upon accuracy, and the subject of 
titration  errors has been handled m athem atically by Shakh- 
keldian (493). H ahn (209) and H ahn and Klockm ann (215) 
describe the m ethods of deriving equilibrium constants from 
titration data.

A pparatus and  T ech n iq u e
E l e c t r o d e  D e v i c e s .  An excellent type of salt bridge 

with a ground-glass stopper built in each end of the bridge 
(Figure 2) has been described by Irving and Smith (252). A 
bridge w ith sintered-glass ends is 
described by Laitinen (818).
Goto (190) has described the use 
of micro filter tubes, or tubes pro­
vided w ith either ground-glass 
joint, sintered glass, or a  stop­
cock to construct reference elec­
trodes free from diffusion effects.
Some of the commercially avail­
able forms of electrodes th a th av e  
been developed for pH  m easure­
ments m ay be used alm ost in­
definitely in titrations w ithout 
serious diffusion errors. Lykken 
and Rolfson (347) have advo­
cated the use of such electrodes.

Vance (597) has advocated 
the more general use of the 
silver-silver chloride electrode 
for reference in acid-alkali titra ­
tions. Capillary electrodes of 
platinum and silver have been 
proposed as indicator electrodes 
by Poup6 (434).

Iiiltner (229) attaches the upper ends of reference and in­
dicator electrodes, w ith insulation to prevent short circuits, to 
a stout piece of wire bent to  fit the rim  of a beaker (Figure 3). 
Herzog (228) has proposed the use of flanged tubing, 
or tubes cut from the tops of test tubes, to  hold electrodes 
'vhich are m ounted in  rubber stoppers. The author has for 
many years m ounted electrodes in holes drilled in Bakelite, 
the electrode m ount being held in  place by  a ring of rubber 
tubing (165). Sholes (499) advocates protecting platinum  
electrode wires w ith glass to  a point below the surface of the

F i g u r e  2 .  S a l t  
B r i d g e

T ap ered  g lass rods fit 
sn u g ly  through  ground-  

g la ss  con n ections.

E l e c t r o d e

H o l d e r

W ire w  serves as a 
su p p ort for elec­
trodes a and  b and  
w ill fit severa l sizes  
and ty p es  o f b eak ­

ers.

liquid tha t is titra ted . The question of strain  in glass and the

failure of electrodes sealed through 
glass has been treated by G arre tt et 
cil. (177).

Atanasiu and Velculescu (13, 24) 
have proposed the platinum-nickel 
electrode pair as a universal indi­
cating system for neutralizations, 
oxidation-reduction titrations, and 
argentom etry. In  the last field the 
system appears to be unreliable, 
according to a few experiments
by the au thor’s students. B etter 
combinations are available for the 
other fields.

Erbacher (128) has proposed the 
use of Ostwald decade boxes in 
a W heatstone bridge arrangem ent 
for potentiom etric titrations.

S i m p l i f i e d  D e v i c e s  f o r  D e ­

t e r m i n i n g  E n d  P o i n t s .  The dif­
ferential method has been further 
applied to the use of hydrogen 
electrodes in precision measure­
ments by  M aclnnes and Cow- 
pertliwaite (351). Tungsten elec­

trodes have been used by Abichandani and Ja tk a r ( /) . The 
method can be recommended in general for any  type of 
problem where the use of a reference electrode presents diffi­
culty. Orloff (423) uses the method, w ith platinum -lead 
peroxide electrodes, for controlling on an industrial scale 
the conversion of chrom ate to  bichromate.

Guzmd,n and associates have used a thermocouple as a 
source of e. m. f. for polarizing electrodes (203) and have used 
the silver-platinum electrode system short-circuited through 
a sensitive galvanometer (i =  7 X 10 ~6 ampere per division) 
in the titra tion  of the halides (204). The phenomena are
analogous to  the dead-stop m ethod of Foulk and Bawden. 
The la tte r m ethod has been extended by  Clippinger and 
Foulk (93) to  acid-alkali titrations with the addition of iodate 
and iodide or of hydrogen peroxide to  serve as an electro­
metric indicator. In  titrations with silver, cyanide acts as a 
depolarizer. In  certain types of titra tion  sodium n itrite is 
added to keep the anode depolarized.

Gay (179) has proposed the use of a small dry cell to polarize 
a tungsten-platinum  electrode pair, in series w ith a 1500- 
ohm resistance, and a 0-1 milliammeter as indicating instru­
ment. Under certain circumstances rather large currents 
can flow to or be drawn from the electrodes. The apparatus 
was found satisfactory for titra tions with 0.1 N  oxidants or 
reductants th a t show large breaks in  potential, bu t was 
rather unsatisfactory for th e  titra tion  of vanadyl solu­
tion with potassium perm anganate (error 0.06 ml. in 25.00 
ml.).

M ultiple-electrode pairs have been proposed as a means of 
expanding the change in e. m. f. near the end point and thus 
making it possible to  use cheaper instrum ents. Szebellddy 
and .T6n&s (558) placed the three duplicate electrode systems, 
connected in  series, in the titra tion  vessel and in two side 
tubes sealed to  it. Upon shaking liquid into the side tubes 
three cells are created if electrical leakage across the wet 
glass surfaces is prevented by paraffin oil. Wolf (621) used 
four bimetallic electrode pairs connected in  series and built 
as a  stirrer. Upon stopping and lifting the  stirrer or lower­
ing the vessel, four cells are formed by cups, one below each 
electrode pair.

S tansby and Fitzgerald (545) have devised a semiautomatic 
arrangem ent w ith m ultiple electrodes for speeding the routine 
application of the m ethod to  large num bers of similar samples 
per day. A m ounting for m ultiple electrodes in com parative
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F i g u r e  4 .  C i r c u i t s  f o r  C o n t i n u o u s  I n d i c a t i o n  i n  P o t e n t i o m e t r i c  T i t r a t i o n s

Left, H iltn cr ty p e  (230 ) Riohl, W illard and Hftger ty p e  ( e /5 )

lip .  From  50 ,000 to  200 ,000  ohm s l i t .  50 ohm s
lie . 1000 ohm s R i. 480  (E t  — 22 0 ). E t  is  transform er v o ltage
11,. 20 ohm s i l .  0  to  150 m icroam peres
lit. 2000 ohm s

studies lias been described in  detail by  Frediani and W arren 
(150). Tronstad (594) devised an autom atic apparatus for 
estimating copper.

V a c u u m - T u b e  V o l t m e t e r s .  As new types of radio tubes 
are developed, new or revised circuits are applied either in the 
field of pH  measurement or for titration  purposes. Circuits 
for measurem ent of pH  with glass electrodes have reached a 
high degree of excellence. Detailed papers th a t have special 
m erit are those of Cherry (54) > M üller and Dürichen (897), 
G ilbert and Cobb (184), Stadie (544), Rosebury (465), and 
M orton (384)', m any other papers are im portant in this 
field. A review of this field is beyond the scope of this paper, 
and the reader is referred, for a critical discussion and review 
of the various types of circuits for use with the glass electrode, 
to the recent monograph by Dole (112).

The circuits th a t are finding most favor for continuous 
observation during titrations involve a W heatstone bridge 
network in the ou tput circuit. Some of the simpler circuits 
are shown in Figures 4 and 5. Circuits w orthy of special 
mention are those of Baldinger (31), Compton and Haring 
(94), E hrhard t (126), Garm an and Droz (175), Goodwin 
(1S9), H ahn (207), H iltner (280), M üller (394, 895), Müller 
and Dürichen (396, 397), N ottingham  (419), Pollatschek 
(483), W est and Robinson (609, 610), and Willard and Hager 
(615).

The use of the visual tuning tube for indication of a sudden 
change in potential a t  the end of a titra tion  was first described 
by Smith and Sullivan (515). Subsequently, Serfass (486) 
described still simpler circuits th a t give the same general per­
formance as th a t of Smith and Sullivan. Instrum ents based 
on this principle are commercially available.

The idea of using the same vacuum tube as both polarizing 
and measuring device has been developed by Kassner el al. 
(275) and by M asaki and Iiirabashi (365). The use of radio 
tubes to  construct autom atically operated titra tion  as­
semblies has been described by K ordatzki and Wulff (310, 
625). H ahn (211) has criticized the work of Kordatzki and 
Wulff. A tube-operated circuit to  close the stopcock of the 
buret was described by  Shenk and Fenwick (495).

An ingenious circuit which gives a pulsation proportional 
to  the change produced by each drop of reagent (pulse 
amplifier) has been developed by Baker and M uller (30). 
The maximum pulse per drop of reagent m arks the end point. 
Another manner in which a vacuum  tube voltm eter m ay be 
used to get differential readings is to  reset the m eter after 
each drop is added and a  steady reading is found, as proposed 
by Clarke, Wooten, and Com pton (92).

M i c r o m e t h o d s .  The microchemical aspects of the poten­
tiom etric m ethod have by no means been neglected. Ash­
croft (11) has given an excellent review on the general subject 
of electrochemical m ethods in microchemistry, w ith bibliog­
raphy. A similar review has been made by E h rh a rd t (125). 
Chirkov (85) has studied microchemical applications of 
potentiom etry, noting impulses in e. m. f. ra ther than  plotting 
e. m. f. readings.

Suitable types of microburets are described by M ika (375) 
and by Lochte and Hoover (340). Krum holz (313) (Figure 
6) and Raspopov and Finkelshtein (447) place the beaker on 
a platform  th a t is rotated to effect stirring. The sa lt bridge 
(318) is one w ith sintered glass or small capillary ends. A 
novel scheme due to Schwarz (482) consists in supporting the 
small quan tity  of liquid to  be titra ted  (1 drop) on a metal 
ring which is one of the electrodes. The other electrode tip 
and the  buret make contact w ith the drop, which is agitated 
very gently by a  magnetically operated vibrator to  which the 
ring electrode is fastened. Micro hydrogen electrodes have 
been described by Frediani (149) and by Lobering (342) and 
micro quinhydrone electrodes by M ikawa (376), LaM er and 
A rm bruster (319) for studies of heavy water solutions, Fuhr- 
m ann (161), and Itano  (256).

A list of typical detailed applications of microtechnique in 
potentiom etric titrations follows:

Acidimetry, using glass electrode (Partridge and Bowles, $7)  
Amino nitrogen (Roche and Roche, 462) ,
Bromide, 0.25 mg. in the presence of 25 mg. of chloride (Vladi­

mirov and Epstein, 603)
Chloride, 0.25 ml. of 0.0001 ¿V solution in alcohol or acetone 

titrated within a few per cent of the correct value (Schwarz and
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F i g u r e  5 .  C i r c u i t  o p  C o n t i n u o u s - R e a d i n g  P o t e n t i o m e t r i c  I n d i c a t o r

(176)
B i. 1.5 v o lts  
D i. 45  v o lts  
ll \ .  1000 ohm s  
Jii. 2000 ohm s

T h is circu it is easy  to con stru ct and h as g iven  good  serv ice in  th e h and s o f num erous workers.

R t. 2500 ohm s
R i.  50 ,000  ohm s
M .  0 to  50 m icroam peres

with known mixtures. Sergeev and Yavorskil 
{488) determined pH  by trying various 
buffers until a galvanometer showed no de­
flection when connected between antim ony 
electrodes in the buffer and the unknown, 
respectively. Oxygen in air m ay be deter­
mined by its effect upon the polarization of 
the carbon electrode of a dry cell, according 
to  Moiseev {380).

E l e c t r o d e s  f o r  pH  M e a s u r e m e n t .  A 
complete review of this field is beyond the 
scope of this paper. A selection of im portant 

' papers and reviews has been made.
Antim ony Electrode. Good bibliographies 

of earlier work on this electrode are to be 
found in papers by Vellinger {600) and G u6ron 
{19S) and in Bottger’s monograph {47). 
Papers th a t deal with the theory of the elec­
trode and with precision measurem ents are 
those of Ball {3k), Ilovorka and Chapm an 
{249), Parks and Beard {425, 426), Perley 
(428), and AVulff, K ordatzki, and Ehrenberg 
(626). Relative to  the standard hydrogen 
electrode a t  25° C., E sb =  0.2552 +  0.05893 
pH from pH  2 to  8, according to  Hovorka 
and Chapman (249). This work is in good

Sclilosser, 484)- For concentrations of chloride greater than 2.5 
mg. per liter, maximum error 1.2 per cent (Bruevich and Varto- 
lomeeva, 76)

Lead, titrated with fcrrocyanide (Schwarz, 482)
Mercury, titrated with potassium iodide in range 1 microgram 

to 1 mg. (Schwarz and Kantor, 483)
Silver in the range of a few micrograms (Ziircher and Hocpe, 

630; Spychalski, 543)
Sodium, via one of the triple uranyl acetates and eerie sulfate 

(indirect titration of UIV to UVI), (Linder and Kirk, 336; Kryulov 
and Kolarova, 314)

Thallium (Berg and Fahrenkamp, /¡2)
Titanium (Klinger el at., 297)

The paper by Schwarz (482), in which the titra tion  of a 
single drop of liquid is described, covered the titra tion  of 
halides with silver nitrate, sulfuric acid w ith sodium hy­
droxide, lead w ith ferrocyanide, ferricyanide with iodide, 
iodate, and thiosulfate, and brom ate with arsenite. Prior 
to the period now under review some of these m ethods as well 
as others had been studied on a micro scale (cf. 299, page 
149; H ahn, 210; and Zintl and Betz, for details).

C o n c e n t r a t i o n  C e l l s .  The use of suitable concentra­
tion cells makes possible a micro- or macroestimation of sub­
stances. B oth titra tion  procedures and direct measurements 
of the e. 111. f. values of concentration cells m ay afford useful 
analytical information.

Johnson and Low (267) developed the work of Johnson 
(266) to  make possible the estim ation of the end point of the 
adjustm ent process in atom ic weight studies. Furm an and 
Low (169) developed a concentration-cell m ethod for estim at­
ing traces of chloride in various salts. They noted effects 
of iodide ion upon the silver-silver chloride electrode. H ahn 
(208) noted th a t bromide ion affected the potential of the 
calomel half-cell and suggested th a t this type of effect might 
be used for the determ ination of bromides in chlorides. Low 
and Pryde (344) developed a concentration-cell m ethod based 
upon the ferric-ferrous electrode for the indirect estim ation of 
fluorides in various solutions. Drewski (122) used the con­
centration-cell technique for the estim ation of iodine numbers. 
Valmari (596) used a somewhat similar idea for the estim ation 
of n itrate and n itrite and the indirect estim ation of potassium 
in the cobaltinitrite; a calibration curve was established

F i g u r e  6 . T y p i c a l  A s s e m b l y  f o r  
P o t e n t i o m e t r i c  T i t r a t i o n s  o n  

M i c r o  S c a l e

T h e  b eak er, h o ld in g  5 m l. o f so lu tio n , i3 
turn ed  to  cau se stirr in g . T h e  electrod es are 
of co n ven tion a l d esign  b u t of sm a ll d im en ­

sion s.

agreement w ith work of Perley (428). K ing (295) has 
m easured the salt error of the antim ony electrode.

Gas Electrode. K rueger and Kahlenberg (311) studied thé 
effects of various gases—hydrogen, oxygen, argon, and 
helium—upon m etal electrodes. They reported small definite 
effects due to  the  inert gases as well as to oxygen and hydro­
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gen. I t  is by no means certain th a t the observed effects 
were not due to trace impurities or electrode strain, etc.

Glass Electrode. Fundam ental inform ation is to be found 
in the papers by M aclnnes and associates [350-355), Dole 
and associates (112-120, 174), Gross and Halpern (105, 196), 
and Laug (331). The measurem ent of the pH  of distilled 
water has been studied by Burton el al. (7S). M etal-con­
nected glass films function as glass electrodes according to 
Thompson (576). Shielding by a solution is described by 
Adler (5). Detailed information is to be found in a mono­
graph by Dole (112).

Hydrogen Electrode. A review of the applications has been 
given by Gu6ron (198). Because of the practical advan­
tages th a t are associated with the use of the glass electrode, 
relatively little new work on the hydrogen electrode has ap­
peared in the last decade.

Mercury-Mercuric Cyanide Electrode. Tomicek and Pribil 
(5S6) have shown th a t this electrode measures changes in 
hydrogen-ion activity  in alkaline solutions.

Oxygen Electrode. The mechanism of this electrode has 
been studied by Hoar (21$), who considers the well-known 
irreversibility as due to a film of oxide th a t is rather im­
pervious except for cracks and pores. T arta r and associates 
(567, 568) have concluded th a t adsorption effects play a 
large role in the behavior of the electrode.

Quinluydrone Electrode. Im portant studies of this electrode 
have been m ade by Harned and W right (224), Hovorka and 
Dearing (250), and Morgan, Lam mert, and Campbell (321, 
322, SSI, 882, 8S3). The reproducibility and reliability of 
the electrode under proper conditions have been am ply con­
firmed. Coons (95) has adapted the electrode to continuous 
pH measurement.

Tellurium-Tellurium Oxide Electrode. Studies by Bravo 
(56), Getm an (1S3), and Tomicek and Feldm ann (5S0) 
show th a t this electrode m ay be used for measurements in 
the range pH  5.3 to 11.5.

Tungsten and Molybdenum Electrodes. These electrodes 
which have been found in the past to  be approxim ate pH 
indicators have been reinvestigated by Brintzinger and Rost 
(62). B y empirical calibration with the aid of buffers it was 
found possible to  measure pH  within 0.1 pH  unit.

E l e c t r o d e s  f o r  A c i d - B a s e  T i t r a t i o n s .  I t  is obvious 
th a t the better pH  indicators are the most reliable electrodes 
to use when establishing the course of pH  vs. milliliters of 
reagent. If the interest is merely in estim ating end points, 
m any simplified devices m ay be used.

Antimony Electrode. The use of this electrode in the 
titration  field has been further studied by Bottger and 
ijzebcll6dy (49), Britton et al. (70), H ahn (205), and Kauko 
and Knappsberg (276). The la tte r studied the effect of 
partial pressure of oxygen upon the behavior of the electrode.

Bimetallic Electrode. Numerous studies of possible com­
binations have been tested:

Aluminum vs. Rose metal (French and Hamilton, 151)
Copper vs. tungsten (Teis and Vagner, 569)
Ferroalloys and various alloys and metals—e. g., iron-nickel 

vs. molybdenum; iron-nickel vs. tungsten; also other ferroalloys 
(Banchetti, SO). Brass, copper amalgam, iron oxide, pyrites; 
titanium, silver, iron, nickel, lead, copper, and tin in various 
pairs have been tested by Boltunov and Vorsina (55).

Gold vs. rhodium in fused salt baths (Lux, 345)
Platinum vs. Carborundum (Khlopin, 289)
Platinum vs. chromium (Wolf, 621)
Platinum vs. graphite (Tikhonov, 577)
Platinum-nickel (Atanasiu and Velculescu, 22) 
Piatinum-antimony, platinum-tantalum (Boltunov and Ivrog- 

ius, 54)
Platinum-niclirome (Mazzuclielli, 368)
Platinum vs. V2A steel, ferroalloys, etc. (Banchetti, 36’)
Silicon vs. silicon carbide (Boltunov and Isakova, 53)
Tungsten vs. nickel (Furman and Low, 168)

These systems m ust be used with caution in working with 
dilute solutions. M any of them  function well for titrations 
of strong acids and bases. In  general, it is best to use one 
electrode which is known to be a  good indicator electrode— 
e. g., antim ony—and another which is a  reference electrode— 
e. g., silver— in solutions containing chlorides.

The germanium-germanium dioxide electrode m ay be used 
for acid-alkali titrations (415).

A glass electrode of low resistance has been developed by 
Jd inson  (268). The glass electrode has been used very fre­
quently for all types of titrations (cf. 72, 73). A num ber of 
specific instances are pointed out in the sum m ary of poten- 
tiometric acid-alkali titrations.

The oxygen electrode has been studied further by Butler and 
Armstrong (79).

A palladium hydride electrode has been found suitable for 
titrations of organic bases dissolved in ethanol or acetone 
(475).

The attraction of a silk thread toward one electrode as the 
solution passes from acid to alkaline has been proposed as an 
electrometric indication (83S).

The tellurium-tellurium oxide electrode may be used for 
titrations (Brouwer, 75, 5S0).

The tungsten electrode has been studied by Britton and 
Dodd (64).

A p p lica tion s
S u m m a ry  o f  I’o te n t io m e tr ie  A p p lica tio n s  o f  A c id -A lk a li 

T itr a t io n s

P r e c i p i t a t i o n s .  Aluminum, using antimony indicator elec­
trode (Kanning and Krath, 272)

Aluminum, in presence of nitrates (Madzhagaladze, 356; 
Stcfanovskil, 546)

Aluminum, titration, using galvanometric method (Martin, 
362)

Aluminum, effect of various anions (Whitehead et at., 611) 
Copper (Beebe, 39)
Gold (Britton and Dodd, 65)
Iron (Kanning and Krath, 272; Shisakov, 497; Zaides, 627) 
Lead as Ph(OH)2Pb(CNS)2 in presence of other ions (Hayek, 

225)
Magnesium, antimony electrode, (Malvea and Withrow, 359; 

Berraz and Christen, 43; Itano and Tsuji, 258)
Mercuric ion (Britton and Wilson, 73)
Mercurous ion (Bennett, 41)
Oxalates of lead, barium, etc., adsorption of hydrogen or 

hydroxyl ion (Tannaev, 561)
Platinum (Britton and Dodd, 66)
Uranium (Britton and Young, 74)
Zinc (Prytz, 438)
R e a c t i o n s  i n  A q u e o u s  S o l v e n t s .  A c id s ,  a m in o  a n d  p o ly ­

p e p t id e s  ( B a ls o n  et at., 34, 35)
Acids, dibasic (Ingold and Mohrhenn, 251)

Diearboxylie, unsaturated (Ashton and Partington, 12) 
Fatty  (Lottermoser and Ghose, 343)
Imino (Litzinger and Pickett, 339)
In alkaloids (Drewski, 123)
In colored liquids (de Lingo and Thaler, 337; Thaler and 

de Lingo, 572; Minnaev, 378)
Alkali, in phenates, unsaturated oxygen electrode (Kargin and 

Usanovich, 273)
Alkalinity, in sea water (West and Robinson, 610)
Amino acids, polypeptides (Balson et at., S3)
Ampholytes (Konikov, 309)
Antipyrine, antimony electrode (Gurevich, 199)
Boric acid, quinhydrone electrode (Wilcox, 618, 614) 
Carbonates (Aumeras and Marcon, 27)
Carbon dioxide, glass electrode (Wilson et at., 618)
Carbonic acid and sodium bicarbonate (Liander, 335) ; glass 

- electrode (Dorello and Rowinski, 121)
Chromic acid, glass electrode used (Nuess and Rieman, 414) 
Dichromate, platinum electrode (Ruiss and Babalova, 467) ; 

platinum-lead oxide electrode (Sabinina and Moralev, 472) 
Fumaric, maleic, and succinic acids (Cattelain and Couchet, 

SI)
Gallic and gallotannic acids, differential method with hydrogen 

or tungsten electrodes (Sunthankar and Jatkar, 555)
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Hypochlorite, platinum electrode (Abribat, 3)
Nitrogen, formol titration, antimony electrode (Roche and 

Roche, 461)
Organic acids, volatile (Craig, 96)
Phosphoric acid and phosphates, antimony electrode (Ven­

gerova el al., 601)
Phosphoric acid, quinhydrone electrode (Sanfourche, 476) 
Polypeptides (Ealson ct al., 34, 35)
Proteins, animal and vegetable (Errera el'al., 129)
Silica, indirect, through potassium silicofiuoride and calcium 

chloride, antimony electrode (Tarayan, 565)
Sodium benzoate, bicarbonate, and salicylate in mixtures 

(Izmailov and Shvartsman, 260; Pinkhof method, to pH of 
buffer reference electrodes)

Strong acids, galvanometric titration (Sergeev, 487) 
Sulfurous, selenious, and alpha-hydroxyalky] sulfonic acids, 

glass electrode (Rumpf, /,6S)
Sulfur, in steel (Thanheiser and Dickens, 575) 
2,5-Diaminotoluene-4-thiosulfuric acid, hydrogen electrode 

(Bogert and Sevag, 51)
Thiosulfate, formed from sulfur and sulfurous acid (Muller 

and Melhorn, 390, 391)
A c i d - A l k a l i  R e a c t i o n s  i n  N o n a q u e o u s  S o l v e n t s .  Acetic 

acid medium, determination of amino acids (Nadeau and Bran- 
chen, 407)

Acetone-watcr medium. The ionization constants of weak 
acids—e. g., acetic and dichloroacctic—are made smaller while 
hydrochloric acid remains highly ionized (Izmailov and Bel’gova, 
259). Sulfuric acid in presence of lactic (Shkodin, 498)

Alcohols, iV-butanol, change in ionization constants (Hantzsch, 
222; Evans and Davenport, 131; Wooten and Ruehle, 624). 
Butyl Carbitol (Halford, 220)

Alcohols, as medium for amino acid titration (Ogston and 
Brown, 421; Neuberger, 412; Balson et al., 33)

Alcohols, acetone, benzene, hexalin, and mixtures as media, 
using antimony or tellurium electrodcs (Tomicek and Feldmann,
580)

Alcohol-acetone (Shafershtein el al., 489)
Alcohol-anisole (Demarest and Ilieman, 101)
Benzene as medium (LaMer and Downes, 320)
Cellosolves (glycolmonalkyl ethers) as media (Ruehle, 466) 
Propionic acid as medium for the titration of organic bases 

(acetanilide, acetamide, urea, acetoxime), (Terjesen and 
Sandved, 571)

Oils, acidity in (Evans and Davenport, 130; Clarke, Wooten, 
and Compton, 92; Ralston el al., 445)

The foregoing section gives several illustrations of a new 
trend in research on the determ ination of acidity—namely, 
the deliberate use of a nonaqueous or a mixed solvent to 
spread the ionization characteristics of two or more solutes, 
so th a t a  differential titra tion  is possible in the medium and 
either impossible or less accurate in aqueous medium. The 
use of anhydrous acetic or propionic acid to enhance the rela­
tive sharpness of the titrations of bases which are very feebly 
ionized in water is another noteworthy advance in technique.

T itr a t io n s  In v o lv in g  P r e c ip ita t io n

S p e c i a l  E l e c t r o d e s .  The silver electrode for halide pre­
cipitations and the like and the platinum  oxidation-reduction 
indicator electrodc for ferrocyanide precipitations still are 
the chief indicating electrodes in this field. M ention has 
been made of acid-alkali processes above. Changes in pH 
due to adsorption during the precipitation of oxalates and 
sulfates of lead, calcium, strontium , and barium  have been 
observed by T annaev and M irianashvili (564)• Atanasiu 
C14) has proposed the platinum-niekel and the platinum - 
silicon carbide couples as suitable for ferrocyanide precipita­
tions, and the platinum-nickel, platinum -silicon carbide, 
and platinum -graphite couples for halide and silver titrations. 
Second-class electrodes, as, for example, silver-silver chloride 
for halides or silver-silver sulfide for zinc, cyanide, or nickel 
titrations, are discussed by H iltner {231, 232). Chromium, 
molybdenum, and tungsten electrodes in contact w ith their 
insoluble salts are useful in the estim ation of chromium, 
molybdenum, tungsten, and various heavy metals, according 
to Brintzinger and Jahn  (59). I t  has been observed by 
Bottger and Schall (48), Kolthoff and W ang (308), and

Obrucheva (420) th a t a platinum  wire, after being used, 
becomes a good indicator for silver ions, perhaps because of 
an oxidation-reduction process involving a higher oxide of 
silver.

T h i r d - C l a s s  E l e c t r o d e s  have been studied especially in 
connection with determ ination of calcium. The following 
list gives reference to separate publication in this field.

Ag/Ag2C204/CaC20 4,Ca++; Zn/ZnC20 4,CaC20 <,Ca++; Pb/Pb- 
C20 4,CaC20 i,Ca++; Ag/Ag3(P0 4)2,Ca3(P0 i)2,Ca+ + ; Hg/IIg,-
(P0 ,)2,Ca,(P04)2,Ca++; P b /P b (I0 3)2,C a(I03)2,Ca++ (Vclisck,
599)

M l/C uC20.i,CaC204,Ca++ (Mi is Pt, Au, or Ag); (Nierstrasz 
and Tendeloo, Ą16)

IIg(Pb)/PbC20 4,CaC20 (,Ca++ (Denina and Caris, 102; 
Nierstrasz and Tendeloo, 4-16). This system is said to function 
in the presence of chlorides which interfere with the majority of 
the above electrodes.

Pb/PbSOł,CaSO<,Ca++; Ag/Ag2C20 <,CaC20 4,Ca++; Ilg(Zn)- 
ZnC20<,CaC204,Ca+ +; IIg /H g(I03)2,Zn(I03)2,Zn+ +; Hg/Hg2I2,- 
T1I.T1+ (VeliSek, 598)

Pt(IIg)/HgS,PbS,Pb++ (Ripan-Tilici, 457)
Theory of third-class electrodes (LeBlanc and Ilarnapp, 332) 
Membrane electrodcs formed of silver iodide and silver bro­

mide, or of silver iodide and silver sulfide, and scaled to glass 
tubes with picein cement have been tested as indicating electrodes 
in silver and halide titrations by Skobets and Kleibs (509)

Tendeloo (570) has used a membrane of calcium fluoride in 
connection with the estimation of concentrations of calcium 
th a t are equal to or greater than  1 m illiequivalcnt per liter. 
The electrode was applied in the study  of gelatin and milk.

A p p l i c a t i o n s  o f  P o t e n t i o m e t r i c  M e t h o d  t o  P r e c i p i t a ­
t i o n s .  Chromicyanide and cobalticvanide as reagents (Czapo- 
rowski and Wierciński, 100). Cobaltieyanide was found to be 
useful for the titration of silver, cupric, and mercurous ions, but 
not for cadmium, cobalt, zinc, and nickel. The reactions of 
chromicyanide were too slow.

Cerium, lanthanum, and thorium determined as oxalates 
(Atanasiu, 16, 17, 19; Jantsch and Gawolowski, 262)

Chromate, with barium (Brintzinger and Jahn, 58, 59) 
Ferrocyanide with mercuric, nickel, or cobalt (Masaki, 364) 
Ferrocyanide as reagent. Carbonate, indirect by adding ex­

cess of lead solution, and back-titration with potassium ferro­
cyanide (Ringbom, 450)

Cadmium (Tannaev and Diaparidze, 562)
Cerium, lanthanum, thorium (Atanasiu, 15; Atanasiu and 

Velculescu, 21). Acetone-water or alcohol and water (30 per 
cent alcohol) used (Shemyakin and Volkova, 4-94)

Cerium in 30 per cent alcoholic solution (Spacu, 540)
Cobalt and nickel (Atanasiu and Velculescu, 23)
Copper (Fisher and Mavrin, 138)
Copper, titrated with sodium sulfide (Jha, 263; Prased and 

Jha, 435)
Potassium, indirect (Nikolskii and Lavrov, 417)
Zinc (Brennecke, 57; Fisher, 137; Joassart and Leclerc, 

265; Kamieński, 270; Kamieński and Karczewski, 271; Saito, 
473, 474; Stefanovskil, 547; Tannaev, 561)

The general types of precipitates tha t are formed with 
silver, lead, copper, cadmium, zinc, cobalt, nickel, and man­
ganese salts when precipitated with-hydroferrocyanic acid have 
been studied by Britton and Dodd (67).

Fluoride, precipitated by calcium ion (Ryss and Bakina, 471)', 
precipitated by cerous ion (Allen and Furman, 9)

Lead, precipitated with sulfide (Maheshwari and Jha, 357); 
precipitated with phosphate (Shakhkeldian, 491)

Lead nitrate as reagent (Ringbom, 450); a general study in­
cluding details as to the determination of sulfate, carbonate, 
sulfite, chromate, tungstate, and molybdate (500)

Mercuric nitrate as reagent (Tomićek and Procke, 587) 
Mercurous salts (Michalski, 373); iodide as reagent (Spacu 

and Spacu, 529). Determination of arsenic with mercurous 
solution (Spacu, 537)

Molybdenum, with lead nitrate (Ringbom, 450; Senyuta, 
485)

Phosphate, with uranyl acetate (Atanasiu and Velculescu, 
26). The precipitate is HUOjPO,!, temperature 60-70° C., pH 
5.5 to 6. The same precipitate is formed with mono-, di-, or 
tribasic alkali phosphate.

Potassium, indirect, by its effect upon the titration of lithium 
ferrocyanide with heavy metals (Tannaev and Diaparidze, 563)



Silver (Moser et al., 385; Itaub, 448; Weiner and Schmidt. 
605)', determination of silver for coinage purposes (Robinson and 
Ilugg, 460). Gold vs. carbon treated with nitric acid as electrode 
system. Spychalski (543) titrated Brcdig solution for silver with 
bromide or iodide with an accuracy of 0.5 to 1 per cent of the 
silver present. Ililtner and Gittel (234) developed a systematic 
potentiometric scheme for estimation of silver, bismuth, lead, 
copper, and cadmium in the same solution.

Silver nitrate as reagent. Arsenate, in acetate buffer plus 
alcohol (Hanson el a l, 221; Spacu, 537)

Azide (Moskovich, 386; lead azide in 2 per cent barium 
nitrate solution, 0.04 N  in nitric acid, and buffered with 0.2 JV 
sodium acetate

Bromide, in presence of chloride (Flood and Sletten, 142). 
The inflection for the bromide should be 15 mv. from the pro­
longed chloride curve. An empirical correction can be made ac­
curately by a graphical method.

Chloride, effect of electrolytes on curve (Orlov, 4%4)
Effects of acids (Guzeli, 202)
Electrode system, silver vs. graphite (Khlopin, 280-282) 
Silver-silver chloride vs. quinhydrone, pH 3 (Itano, 257)
In atomic weight studies (Johnson, 266; Johnson and Low,

267)
In brines (Hoff-J0rgensen, 245; Tremblay, 592)
In bromide mixtures (Schiitza, 481)
In sap (Neller, 410)
In sea water (West and Robinson, 610)
In soils (Snyder, 516)

Cyanamide (Sinozaki, 508)
Cyanide (see complex formation)
Cyanines, through alkyl iodides (Calzavara, 80)
CvQnates (Ripan-Tilici, 454); in presence of cyanide (Ripan- 

Tilici, 455)
Ferrocyanide (Tomifiek and Ilubrova, 583)
Hydrochloric acid, in alkaloids (Shafershtein et al., 489) 
Hypophosphorous acid (Jung and Uspenskaya, 269; Wolf 

et al., 622; Grundmann and Hellmick, 197). The solution is 
neutralized to phenolphthalein and then disodium hydrogen 
phosphate is added. The halides, cyanide, and thiocyanate are 
precipitated before the hypophosphite reacts.

Iodide, accuracy of reaction a t extreme dilutions (Kolthoff and 
Lingane, 302). Precision studies accurate to 0.003 per cent 
(Lange and Berger, 327)

Mercaptans. Mercaptans are precipitated prior to chloride 
(Tamele and Ryland, 559; Tamele et al., 560). The latter 
paper deals with the use of aqueous alkaline solutions. 

Mercaptobenzothiazole (Spacu, 532)
Molybdate (Spacu, 533)
Oxalate (Atanasiu, IS)
Phosphate, as silver thallium phosphate (Spacu and Dr&gu- 

lescu, 524). As silver phosphate (Michalski, 372)
Selenocyanate (Spacu, 536). Determination of selenocyanate 

in presence, of thiocyanate (Ripan-Tilici, 453); in presence of 
cyanide (Ripan-Tilici, 456); in presence of halides (Spacu, 538); 
in presence of iodide (Spacu and Spacu, 531, p. 179); in pres­
ence of chloride and bromide (Spacu and Spacu, 631, p. 248); 
in presence of thiocyanate (Spacu, 536)

Selenite (Ripan-Tilici, 4Ą8)
Sulfide, with cyanide, thiocyanate, and chloride (Raines and 

Putning, 444)- Four breaks in e. m. f. arc found, the first after 
silver sulfide is precipitated, the second after complex cyanide 
formation. The third follows the combined precipitation of 
cyanide and thiocyanate, and the fourth after the chloride has 
precipitated. Bursuk and Zan’ko (77) determined sulfide, thio­
cyanate, and chloride in a single titration with succession of end 
points.

Sulfide as reagent for heavy metals (Hiltner and Grundmann,
239)

Sulfite (Spacu and DrJgulescu, 525, 526)
Tetrathionate, trithionate (Ishikawa and Murooka, 253) 
Thiocyanate. Indirect determination of cadmium via thio­

cyanate, Cdpy2 (CNS)2 (Spacu and Spacu, 530, p. 263)
Cobalt (Spacu, 535)
Copper (Spacu and Spacu, 530, p. 99)
Nickel (Spacu and Spacu, 529, p. 270)
Copper direct with thiocyanate (Hiltner and Grundmann,

237)
Thiosulfate and chloride (Petit, .{29)
Vanadates (Brittonand Robinson, 71). Metavanadate (Spacu, 

5S9)
Sulfates, precipitation with barium ion (Christensen et al., 

91; Visyagin, 602; Orestov, 422); with lead, indirect (Shakh- 
keldian, 492)

Tungstate, as barium tungstate (Brintzinger and Jahn, 58); 
as lead tungstate (Noda, 418).
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C o m p le x -F o rm a tio n

Alkaloids. M aricq (360) has further extended the applica­
tions of the reagent potassium iodomercurate (K2H gI4) in 
the field of alkaloid chemistry to include stovaine, novo- 
caine, pyramidone, antipyrine, and cinchophen. The alka­
loid is precipitated with excess of the reagent and the 
excess is titra ted , after filtration, with standard  mercuric 
chloride.

Alum inum  m ay be titra ted  with a  standard solution of 0.5 
N  sodium fluoride to  form sodium fluoaluminate in 50 per 
cent alcoholic solution saturated  with sodium chloride ac­
cording to  T arayan (566). The ferric-ferrous system is used 
for indirect indication with a platinum-calomel electrode 
system.

The potentiometric determ ination of copper in steels by 
the cyanide titra tion  method is said to be more rapid than 
the colorimetric or the electrolytic m ethod (Weihrich, 604; 
Piccinini, 481).

Glucose in simple solutions or in blood m ay be determined 
indirectly by the iodomercurate method, according to 
M aricq (861).

Fluoride m ay be titra ted  with uranous solution (UIV) and 
a t  the completion of the reaction: 5F~ +  U ++++ +  K + =  
K U F5 there is a  jum p of the potential of the uranyl-uranous 
electrode. Calcium, aluminum, iron, and phosphates inter­
fere. The pH  of the solution is controlled by a buffer of 
0.5 N  sulfanilate saturated with sulfanilic acid (F latt, 140). 
According to Ryss and Bakina (471), fluoride m ay be titrated  
with a standard calcium solution after saturating  the solution 
with sodium fluosilicate, using the quinhydrone electrode as 
indicator.

Spacu and Dragulescu (527) have studied the reaction be­
tween mercuric chloride and ammonium sulfite. The forma­
tion of two compounds is indicated, NH.,HgS03Cl and 
(N H 4)2Hg(S03)2. M ercury m ay be determined by titration 
with potassium iodide (Hiltner and Gittel, 285). Spacu and 
Murgulescu (528) titra te  iodomercurate ion with Cu(en)2 
sulfate or n itra te  as reagent. The reaction is: H g l4 +  
Cu(en)2 =  Cu(en)2H gI4. A m ercury electrode and a  calomel 
half-cell are used. The reaction is sluggish near the end 
point.

The potentiometric determ ination of nickel by the cyanide 
method has been repeatedly studied. Bohnholtz'er (52) used 
the conventional silver-calomel combination with a salt 
bridge. C hatterjee and Jh a  (83) found th a t the quinhydrone 
electrode could be used to indicate the formation of nickel 
cyanide when nickel was titra ted  with standard cyanide solu­
tion. The pH  a t  the end point is about 7.5. H iltner and 
G rundm ann (236, 238) recommended the use of the silver 
iodide and silver sulfide electrodes in connection with the 
cyanide m ethod for nickel. H iltner and Seidel (241) applied 
the cyanide method to the estimation of nickel in nonferrous 
alloys after the electrolytic removal of copper and lead. 
Khlopin (283) applied the galvanometric m ethod of indication 
for the estim ation of nickel in steels w ith standard cyanide 
solution. H e also developed a back-titration method, using 
nickel as the final reagent after adding excess of standard 
cyanide to  the ammoniacal solution (285, 290). Weihrich 
(604) recommends the use of silver and silver iodide as the 
indicator electrode and gives tables of factors for converting 
various weights of copper to  their equivalent am ounts of 
nickel in this process.

M any organic acids enter into complex formation with 
ferric chloride, and Treadwell and W ettstein  (590) have 
shown th a t certain of these processes m ay be followed poten- 
tiom etrically—for example, the ratio of ferric ion to  acid is 
2 to  3 for citric acid, 1 to 3 for benzoic acid, 1 to  2 for malic 
acid, and 1 to  1 for oxalic acid. The platinum-calomel system
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is used and air is excluded. The addition of alcohol or sugar 
is useful.

Wick (612) made a thorough study of the application of 
the potentiometric m ethod to silver cyanide plating baths. 
Weiner and Schmidt (60S) have also studied this question.

The reaction of sulfite ion w ith mercuric chloride solution 
has been studied potentiom etrically by Spacu and Dragulescu 
(525, 526).

O x id a lio n -R e d u c tio n  R e a c tio n s

The applications in this field are arranged approximately 
in the order of relative oxidizing power of the reagents with 
a  numbered section for each reagent or group of similar 
reagents.

1 . P e r m a n g a n a t e  P r o c e s s e s .  The estim ation of m an­
ganese after oxidation to the perm anganate stage has been 
used repeatedly in steel analysis (cf. Section 13). The 
titra tion  of the perm anganate with ferrous solution in the 
presence of fluoride has been applied to  the estim ation of 
manganese in iron castings by Zan’ko and Stefanovskil (629). 
The decomposition of perm anganates m ay be studied in con­
centrated acids w ith a platinum -m ercurous sulfate-m erciiry 
electrode system according to Chloupek (88-90). The effect 
of the presence of fluorides upon the reaction between arseni- 
ous and antimonous solutions or iodide or hydrogen peroxide 
and potassium perm anganate has been studied by Pugh 
(439, 441).

Iron. The determ ination of iron in feldspar has been con­
sidered by Lyle (34S). Ryabchikov and Silnichenko (470) 
propose the use of cuprous chloride for the reduction of the 
iron, in the presence of sodium chloride and hydrochloric 
acid. Upon potentiom etric titra tion  two breaks are obtained, 
one after oxidation of the excess of cuprous sa lt and the other 
after re-oxidation of the iron.

Hydrogen Peroxide and Other Peroxides. Müller and 
Brenneis (403) found th e  perm anganate m ethod to be more 
suitable than  m any other m ethods (cf. Reichert et al., 449). 
Pugh studied the titra tion  of perm anganate w ith hydrogen 
peroxide in the presence of fiuosilicate (440) as a buffer. 
There is one fairly sharp break a t  the end of the reduction 
to manganese dioxide and a  sharper break in potential when 
the la tte r is reduced to manganous salt.

The potentiom etric titra tion  of iodide to  iodine mono­
chloride w ith  standard  perm anganate is suitable in the pres­
ence of chloride or bromide, according to  F la tt and Boname 
(14 1) and H ahn (212).

Nitrites m ay be titra ted  with perm anganate, although the 
reaction is slow, according to Jimeno and Ibarz (264).

Nitroprusside complexes m ay be studied by  potentiometric 
titration w ith perm anganate (M asalskll and Chernuii, 366).

Platinum. B ivalent platinum  m ay be estim ated with 
potassium perm anganate or potassium brom ate (Stelling, 
549). Grinberg and P titzuin  (191-193) have used the poten­
tiometric method for the study  of various platinum  and 
iridium complexes.

Uranium. This process has been reinvestigated by Luyckx 
(346).

Zinc. Tannaev (561) has proposed the titra tion  of excess 
ferrocyanide with perm anganate for this indirect estimation.

Titrations in  Strongly Alkaline Solutions. Tomicek (579) 
studied the estim ation of arsenite, antim onite, selenite, and 
tellurite. The direct titra tion  of selenite was not successful.

2. A u r i c  C h l o r i d e .  T h at this reagent is useful in the 
titration of tocopherols was shown by K arrer and Jaeger 
(274). Certain carotenoids interfere. Some of the members 
of the group consume eight equivalents per mole, others two, 
and still others are not oxidized.

3. C e r a t e  S y s t e m s .  The sulfato eerie system has proved

to be reliable and useful. General reviews of the applications 
have been given by Janssens (261), W illard and Young (617), 
and Furm an (164).

Ceric (IV) vs. Arsenious ( III) . Lang and Zwerina (325) 
determine cerium with 0.1 N  arsenite, using either iodine 
monochloride or manganous salt as catalyst.

Arsenic and antimony m ay be determined successively by 
titra tion  with ceric sulfate, w ith addition of iodine mono­
chloride after the antim ony has been oxidized. The m ethod 
is selective for antimony, provided the concentration of the 
arsenious acid is not too high (Furm an, 163).

Arsenite and ferrocyanide m ay be determined in the same 
solution (Lang, 323).

The ceric vs. ferrous reaction has been recommended again 
for the estim ation of cerium (Weiss and Sieger, 606).

Various combimtions of elements th a t are of interest in 
steel analysis m ay be determined in whole or in p art with 
standard ceric solution: manganese, chromium, and vana­
dium (Dickens and Thanheiser, 110). Vanadium, uranium, 
and iron (vanadium in ores) (Levenson and Kochmarev, 
334). M olybdenum, after reduction with stannous solution 
(Stehlik, 548), with m ercury (Furm an and M urray, 172), or 
w ith silver (Birnbaum and Walden, 44)- 

Uranium  (IV) after reduction of uranyl solutions m ay be 
titra ted  with ceric sulfate, as was shown by Ewing and 
Wilson (134) and by Furm an and Schoonover (173). This 
reaction has been applied to  the indirect potentiometric 
estim ation of sodium by Furm an, Caley, and Schoonover 
(167), and K ryulov and Kolarova (314).

Zinc m ay be estim ated by the indirect ferrocyanide process 
(Sturg'es, 554).

Nitrato and Perchlorato Cerates. Sm ith and Getz (511, 
512, 513) have shown in a series of system atic studies th a t 
n itra to  cerate ion, C e(N 03)6 , and the perchlorato 
cerate ion, Ce(C10.i)6 , function a t still higher poten­
tials than  the sulfate complex. W ith these reagents there is 
a  better differentiation in the successive titra tion  of ferrous 
iron and vanadyl ion in mixtures than  w ith the sulfato 
reagent. The oxidation of organic compounds proceeds more 
smoothly and regularly, which makes possible improved 
m ethods for the titra tion  of oxalate and other substances. 
Smith and Duke (510) were able to  work out a rapid m ethod 
for glycerol by oxidation w ith perchlorato cerate a t  50° to 
60° C.

4. B i c h r o m a t e  P r o c e s s e s .  In  the m ain the reaction 
bichrom ate vs. ferrous ion has been further studied or applied 
to  direct and indirect estimations, as follows:

Study of asymmetry of the titration curve (Winter and 
Moyer, 619). The reaction has also been studied by Shakh- 
keldian (400)

Barium, indirect estimation (Fisher, 137)
Chromium (Khlopin, 288, 290). Platinum-tungsten system 

more exact than visual methods. In ferrochrome (Khlopin, 286; 
Spindek, 542); in plating baths (Khlopin, 278)

Ferrous sulfate solutions (Shisakov, 497)
Glycerol (437)
Iron, in ores (Sosnovskil, 519)
Oximes, indirect estimation of metals (Ishimaru, 254)
Sulfite, sulfoxylate (Ldbering, 341; Mutschin, 40G)
5. H a l o g e n s  a n d  T h e i r  O x y - C o m p o u n d s .  Periodate, 

estimation of glucose (446)
Potassium bromate. 8-Hydroxyquinoline (Smith and May,

514)
8-Hydroxyquinoline, anthranilic acid (Kitajima, 296) 
Beta-naphtholsulfonic acids (Forrester el al., 146-148, 223) 
Platinous complex oxalates (Grinberg and Ryabchikov, 194) 
Thio acids, RSH (Hellstrom, 227)
Thiocyanate, arsenite, and antimonite (Nakazono and 

Inoko, 409)
Thionalide, indirect estimation of thallium (Berg and 

Fahrenkamp, 42)
Tin (Raikhinstein, 443)
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Potassium iodate. Antimony (Furman and Miller, 170; 
Singh and Ilahi, 503)

Arsenic (Schoonover and Furman, 480; Singh and Ilahi, 503) 
Cuprous thiocyanate (Hope and Ross, 248)
Hydrazine (Stclling, 550)
Iodide (to iodine chloride) (Flatt, 139)
Iodide complexes, cadmium indirect (Kiba, 291)
Iron (Singh, 501)
Phenyl hydrazine and semicarbazide (Furman and Miller,

171)
Stannous ion (Spacu and Dr&gulescu, 521; Singh and 

Ilahi, 503)
Thiocyanate, tetrathionate, etc. (Singh and Ilahi, 504) 

Potassium chlorate. Estimation of various reductants: 
arsenic (III), antimony (III), ferrous, iodide, and thallous ions 
(Singh and Singh, 507)

Estimation of phenol, p-nitroaniline, diphenylamine, and 
hydroquinone (Singh and Singh, 507, p. 346)

Stannous ion (Kulvarskaya, 316)
Estimation of chlorates and hypochlorites, using osmium 

tetroxide catalyst (Gaukhman and Stefanovskil, 178)
Chloramine T  as oxidant. Estimation of antimony, arsenic, 

stannous, ferrous, ferrocyanide, and iodide ions (TomiSek and 
Sucharda, 588)

Indirect determination of oxidants, titration of hydro­
quinone, hydrazine, potassium iodide, sodium bisulfite, sodium 
nitrite (added from buret) (Singh and Rehman, 506)

Thallium (Aguado, 7; Fresno and Aguado, 152) 
Hypochlorite as oxidant. Bromide (Afanase’v el al., 6; 

Chirkov and SpikePman, 87)
Various reductants: antimony, arsenic, ferrous, iodide, and 

thallous ions (Singh and Singh, 507)
Iodine to iodine chloride, bromine to bromine chloride 

(Chirkov and Schnee, 86)
Hydrazine, urea (Tomicek and Filipovic, 531, p. 415) 
Thiocyanate, thiosulfate, thallium, cyanide, selenite, and 

tellurite (Tomiiek and Filipovic, 581, p. 340)
Determination of hypochlorite (Albribat, 3)

Ilypobromite as oxidant. Tomiiek and Jasek (584; see also
581) have studied the applications of this rather unstable re­
agent. In the estimation of thiosulfate, sulfite, and thiocyanate 
the results are 1 to 4 per cent high.

Bromine as oxidant. Hypophosphite (Blaser and Ilalpcrn, 
45)

Phosphite and thiosulfate (Nakazono, 408)
Thiosulfate, reaction with bromine or potassium bromate 

(Cernatescu and Ralea, 82)
Iodine as oxidant. Antimony (Furman and Miller, 170) and 

tin (Pevtsov, 480)
Mercurous salt (Michalski, 374)
Tetraphenyl arsonium chloride, indirect estimation of 

metallic ions (Willard and Smith, 616)
Thionalide, indirect estimation of metals (Kiba, 891) 
Thiosulfate (Fresno and Valdes, 160). Indirect applica­

tions: antimony (Spacu and DrSgulescu, 522); arsenic (Spacu 
and DrSgulescu, 523)-, iodate (Spacu, 534, 540)', oxygen (Per- 
ley, 428); and thallium (Ilollens and Spencer, 246; Cuta, 99) 

Water, Karl Fischer reaction: I2 +  S 02 4- 3C6II6N +
H20  =  2(C6II6NHI) +  C6HsN 0 S 0 2 (Almy el a l, 10)

Estimation of iodine, application to medicinals (Gjaldbaek,
187)

Miscellaneous. Halogen solutions and sodium thiosulfate 
(Fresno and Valdes, 160)

Chlorine electrode (Rius and Arnal, 459). Electrode is not 
suitable for determination of chlorine in hypochlorous acid 
solution

Potassium iodide as reductant for palladium (Muller and 
Stein, 392)

6. V an a d i c S o l u t i o n s  a s  O x i d a n t s .  I t  has been shown 
th a t most of the more powerful reductants m ay be estimated 
with this oxidant: Ferrous, molybdenum (III, V), tungsten, 
uranium , vanadium  (II, I II ) , stannous, cuprous, and titanous 
solutions; hydrazine, hydroxylamine, hydrogen sulfide, 
phosphites, and sulfites (Syrokomskil and Antropov, 556; 
Syrokomskil and Klimenko, 557).

7 .  H y d r o g e n  P e r o x i d e ,  P e r m o n o s u l f u r i c  A c i d ,  a n d  

P e r s u l f u e i c  A c i d .  Estim ation of hydrogen peroxide by 
various methods (Reichert et al., 449) ■

E stim ation of persulfuric and permonosulfuric acids, and 
hydrogen peroxide.

Permonosulfuric acid is reduced by excess of standard arsenite 
and potassium bromide in a solution 1.4 to 1.5 N  in sulfuric acid. 
The excess of the arsenite is estimated with standard bromate.

Hydrogen peroxide is estimated by adding an excess of stand­
ard arsenite and sodium hydroxide. After 2 minutes the solu­
tion is acidified and the excess of arsenite is titrated.

Persulfuric acid. After the hydrogen peroxide reaction an 
excess of arsenite is added and after heating 40 minutes a t 100° C. 
with the solution 1.4 to 1.5 N  in sulfuric acid the excess of arsenite 
is titrated with bromate after cooling (Isida and Yukawa, 255).

Müller and Holder’s Procedure (389). Permonosulfuric acid 
may be titrated selectively in the presence of hydrogen peroxide 
with arsenite if the permonosulfuric acid is titrated directly with 
arsenite after neutralizing sulfuric acid with bicarbonate. After 
the determination of Caro’s acid (II2S 05) sodium acetate _ is 
added to buffer and nitrate with bromine in potassium bromide 
solution to estimate hydrogen peroxide.

Bodin (46) estimates the hydrogen peroxide with potassium 
permanganate. The permonosulfuric acid is titrated by the 
potassium iodide-thiosulfate procedure after adding a few drops 
of iodine. To estimate the persulfuric acid a catalyst of cuprous 
iodide in potassium chloride is added and the iodine liberated 
from potassium iodide is titrated with thiosulfate.

Denisov (103) used the platinum-tungsten electrode^ system in 
connection with Gleu’s method (188). This is the estimation of 
Caro’s acid by the bromide-arsenite-bromate procedure; the 
estimation of hydrogen peroxide by potassium permanganate 
after adding manganese sulfate; indirect estimation of persul­
furic acid by reduction with excess of standard arsenite in acidified 
solution a t 100° C.

8 . N i t r i t e  a s  R e a g e n t .  Reaction between nitrite and 
hydrogen peroxide (Jimeno and Ibarz, 264)

Diazotation. Aromatic amines (Singh and Ahmad, 502) 
Benzidine (Atanasiu and Velculescu, 20); indirect determina­

tion of sulfate (Atanasiu and Velculescu, 25)
Nitrite-ferrocyanide reaction for estimation of nitrite (Romon,

464)
9 . P o t a s s i u m  F e r r i c y a n i d e  a s  R e a g e n t .  Chromium by 

oxidation with ferricyanide in alkaline solution (Kutovskii and 
Kholmyanskaya, 317)

Cobalt in steels and alloys (Dickens and Maassen, 104, 105; 
Scherbakov and Kholcheva, 479; Tomicek and Freiberger,
582)

Glucose in sodium carbonate medium (Britton and Phillips, 
69)

Manganese (Tomicek and Kalny, 585; cf. 105, 106)
Sulfides. The sulfide is oxidized quantitatively to free sulfur 

(Scagliarini, 477)
Uric acid. The reaction occurs best a t pH 10.5 (Beccari, 38).
10. O x i d a t i o n  b y  C u p r i c  S a l t s .  Glucose, titrated with 

Fehling’s solution (Britton, 63). Hydroxylamine and hydrazine 
(Britton and Königsten, 68). A nitrogen atmosphere is used. 
Hydroxylamine is oxidized to N20 , and hydrazine to nitrogen. 
Indigo, sodium hydrosulfite. Air is excluded and Fehling’s 
solution is used (Strafford and Stubbins, 552).

Reduction by Cuprous Solutions. Chlorate and hypochlorite 
(Troberg, 593); gold and platinum (Müller and Tiinzler, 393)

11. M i s c e l l a n e o u s  S t u d i e s  w i t h  L e s s  P o w e r f u l  

R e d u c t a n t s .  A num ber of the applications th a t belong in 
this section have been given under bichrom ate (ferrous re­
action), peroxides (arsenite as reductant), and iodine (potas­
sium iodide as reductants).

Arsenite for estimation of lead dioxide (Lang and Zwerina, 
326)

Ferrocyanide (See Section 9 )  .
Hydroquinone, amino phenols. Estimation of gold (Ryab- 

chikov and Knyazheva, 469); estimation of iridium (Bogdanov 
and Krasikov, 50)

Substituted hydroquinones (436)
Uranous sulfate, for ferric ion or bichromate (Ducloux, 124) 
Hydrazine, estimation of bichromate and vanadate (Holst, 

247); estimation of octavalent osmium (Crowell, 97)
Sulfite, applied to estimation of bichromate, iodine, ferri­

cyanide, cupric ion, and hydrogen peroxide (Singh and Malik, 
505)

12. M o r e  P o w e r f u l  R e d u c t a n t s .  Vanadyl Sulfate in 
Alkaline Solution. Chromate (Fresno and Mairlot, 154, 157, 
15S)

Chromate and ferricyanide (Fresno and Mairlot, 155, 159) 
Ferricyanide (Tomicek, 578)
Gold (Fresno and Mairlot, 156)
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Gold, copper, silver, permanganate, chromate, and ferri- 
cyanide (Fresno and Mairlot, 158)

Mercury (Fresno and Lafuente, 163)
Selenite and tellurite (Tornfcek, 578)

Stannous Solution as Reagent. Chromium, vanadium, molyb­
denum (Trebiatowski, 591; Sosnovskil, 518). Chromium and 
iron (Muller and Haase, SS8)

Nitroso-(3-naphthol (Belen’kil and Sokolov, 40) 
Molybdenum (Fogel’son and Kalmuikova, 1ĄĄ; Krull, 312; 

Stehlik, 5Ą8; Sosnovskil, 520)
Rhenium (Hóleman, 244). The action of various reduc- 

tants and ReO<~ was also studied by Hóleman (243).
Titanium, iron, and molybdenum (Martynchenko and 

Shimko, 363)
Sodium Hydrosulfitc (Nai^O-i). Copper, mercury, and silver 

(Murooka, 405)
Potassium Tungsten Ennachloride. Permanganate, eerie ion, 

bromate, bichromate, ferric, and cupric ions (Uzel and Pribil, 
595)

Titanous Chloride or Sulfate. Dipicrylamine (potassium, 
rubidium, cesium indirect) (Kiba, 292)

Food colors (Evenson and Nagel, 132, 133)
Iridium (Woo and Yost, 623)
Molybdenum (Stehlik, 548; Wirtz, 620)
Murexide (Kuhn and Lyman, 315)
Palladium (Muller and Stein, 392)
Uranium (Matula, 367)

Chromous Solution as Reagent. Chromium, vanadium, and 
molybdenum (Zan’ko and Shylakman, 628)

Copper (Miloslavskil and Dolgova, 377)
Iron and molybdenum (Brintzinger and Rost, 62)
Iron, molybdenum, and titanium (Martynchenko and 

Shimko, 363)
Iron and vanadium (Brintzinger and Rost, 60, 61)
Osmium (Crowell and Brumbach, 98)

Vanadous Solution. Estimation of eerie ion (Banerjee, 37) 
Estimation of cupric, ferric, silver, or bichromate ions 

(Maass, 343)
1 3 . M i s c e l l a n e o u s  A p p l i c a t i o n s  o p  O x i d a t i o n - I I e d u c -  

t i o n  M e t h o d s ,  P r i n c i p a l l y  i n  S t e e l  A n a l y s i s .  Application 
of systematic potentiometric analysis: aluminum, chromium,
titanium, uranium, iron, manganese, cobalt, and nickel (Steuer, 
551). Silver, bismuth, lead, copper, cadmium, and iron-zinc 
groups (Hiltner and Gittel, 233, 234). Lead, copper, nickel, 
zinc, and manganese (Hiltner and Seidel, 2Ą1)

A general review of steel methods is given by Dickens and 
Thanheiser (109)

Steels and Ferroalloys. Cerium, manganese, chromium, and 
vanadium (Lang and Faude, 324)

Chromium (Khitarov, 277; Dickens and Thanheiser, 108) 
Chromium and vanadium (Fogel’son and Kalmuikova, 145; 

Heczko, 226; Werz, 607)
Chromium, vanadium, and manganese (Adamovich, 4; 

Hiltner and Marwan, 240; Khlopin, 287) polemic
Chromium, vanadium, molybdenum, and titanium (Gerke 

and Kardakova. 182); Zanko and Shylakman, 628)
Iron and alloys (Dickens and Thannheiser, 107)
Manganese (Akhumov and Vasile’v, 8; Avrunina and 

Zan’ko, 28, 29; Genis et al., 181; Khitarov, 277; Khlopin, 279, 
284; Soloveva, 517)

Molybdenum (Dickens and Brennecke, 104; Fogel’son and 
Kalmuikova, 143; Werz, 608)

Molybdenum and copper in steel (Schaefer, Ą78) 
Molybdenum and titanium in steel and alloys (Klinger et al., 

297): in ores (Krull, 312)
Molybdenum in ferromolybdenum (Rabinovich, 44%)
Sulfur (Thanheiser and Dickens, 573)
Vanadium (Eisermann, 127; Thanheiser and Dickens, 574; 

Dickens and Thanheiser, 107; Fogel’son and Kalmuikova, 145; 
Gutman and Mikeeva, 200; Gutman and Piradyan, 201; Fogel’­
son and Kalmuikova, 144; Pinskaya, 432)

Review of Methods for steel, etc. (Dickens and Thanheiser, 
111)

L itera tu re  C ited

(1) Abichandani, C. T., and Jatkar, S. K., J . Indian Inst. Sci.,
21A, 363 (1938).

(2) Abresh, K., Z. angew. Chem., 48, 683 (1935).
(3) Abribat, M., Bull. soc. chirn., 49, 1119 (1931).
(4) Adamovich, L. P., Zavodskaya Lab., 4, 1155 (1935).
(5) Adler, J., Science, 92, 385 (1940).
(6) Afanase'v, S. K., Portnov, M. A., and Chepelkin, Y. N ., Ibid.,

7,547  (1938).
(7) Aguado, A., Anales soc. espafl. fls. quim., 34, 818 (1936).

(8) Akhumov, E. I., and Vasilo’v, B. B., Zavodskaya Lab., 3,
407 (1934).

(9) Allen, N., and Furman, N. H., J . Am. Chem. Soc., 55, 90 (1933).
(10) Almy, F. G„ Griffin, W. C„ and Wilcox, C. S., Ind. E no.

Chem., Anal. E d., 12, 392 (1940).
(11) Ashcroft, E. B., Trans. Eledrochem. Soc., 78, 127 (1940).
(12) Ashton, H. W., and Partington, J. It., Trans. Faraday Soc., 30,

598 (1934).
(13) Atanasiu, I. A., Bui. Chim. Soc. Romdne Chirn., 35, 85 (1934).
(14) Atanasiu, I. A., Z. anal. Chem., 85, 120 (1931).
(15) Ibid., 108, 329 (1937).
(16) Ibid., 112, 15 (1938).
(17) Ibid., 112, 19 (1938).
(18) Ibid., 112, 22 (1938).
(19) Ibid., 113, 276 (1938).
(20) Atanasiu, I. A., and Vclculescu, A. I., Ber., 65B, 10S0 (1932).
(21) Atanasiu, I. A., and' Velculescu, A. I., Bui. sect. sci. acad.

roumaine, 19, 37 (1936).
(22) Atanasiu, I. A., and Velculescu, A. I., Bull. Soc. Chim. Romdnia,

18A, 53 (1937).
(23) Atanasiu, I. A., and Velculescu, A. I., Bui. Chim. Soc. Iiomdne

Chim., 34, 71 (1931).
(24) Ibid., 37, 165 (1934).
(25) Atanasiu, I. A., and Velculescu, A. I., Z. anal. Chem., 90, 337

(1932).
(26) Ibid., 102, 344 (1935).
(27) Aumeras, M., and Marcon, J., Bull. soc. chim., 51, 1594 (1932).
(28) Avrunina, A. M., and Zan'ko, A. M., Zavodskaya Lab., 7, 1238

(1938).
(29) Ibid., 8, 159 (1939).
(30) Baker, H. H., and Müller, R. H., Trans. Eledrochem. Soc., 76,

75 (1939).
(31) Baidinger, L. H., J. Am. Pharm. Assoc., 24, 6 (1935).
(32) Ball, T. R., Trans. Eledrochem. Soc., 72, 139 (1937).
(33) Balson, E. W., Barwicker, G. A., and Lawson, A., Biochem. J.,

29, 2700 (1935).
(34) Ibid., 30, 1257 (1936).
(35) Ibid., 32, 230 (1938).
(36) Banchetti, A., Gazz. chim. ital., 62, 999, 1011 (1932).
(37) Banerjee, P. C., J . Indian Chem. Soc., 15, 475 (1938).
(38) Beccari, E., Boll. soc. ital. biol. sper., 15, 372 (1940).
(39) Beebe, R. A., J. Phys. Chem., 35, 3677 (1931).
(40) Belen’kiT, L. I., and Sokolov, 1.1., Org. Chem. Ind. (U. S. S. It.),

1, 618 (1936).
(41) Bennett, W. H., J . Phys. Chem., 38, 573 (1934).
(42) Berg, R., and Fahrenkamp, E. S., Mikrochim. A da , 1, 64

(1937).
(43) Berraz, G., and Christen, C., Anales soc. den. argentina, 120,

103 (1935).
(44) Birnbaum, N., and Walden, G. H., J. Am. Chem. Soc., 60, 64

(1938).
(45) Blaser, B., and Halpern, P., Z. anorg. allgetn. Chem., 215, 33

(1933).
(46) Bodin, M. A., Zavodskaya Lab., 7, 1248 (1938).
(47) Böttger, W., “Physikalische Methoden der analytischen

Chemie”, Vol. III, Leipzig, Akademische Verlagsgesell­
schaft, 1939.

(48) Böttger, W., and Schall, B., Z. physik. Chem., A165, 398
(1933).

(49) Böttger, W., and Szebellfidy, L., Z. Elektrochem., 38, 737
(1932).

(50) Bogdanov, S. G., and Krasikov, S. E., Ann. sedeur platine,
Inst. chim. gin. ( U. S. S. R.), 16, 77 (1939).

(51) Bogert, M. T., and Scvag, M. G., J .  Am. Chem. Soc., 53, 663
(1931).

(52) Bohnholtzer, W., Z. anal. Chem., 87, 401 (1932).
(53) Boltunov, Y. A., and Isakova, K. I., J. Gen. Chem. ({/. S. S. R.),

7, 2838 (1937).
(54) Boltunov, Y. A., and Krogius, E. A., Ibid., 7, 2842 (1937).
(55) Boltunov, Y. A., and Vorsina, M. A., Ibid., 5, 579 (1935).
(56) Bravo, G. A., Ann. chim. applicata, 26, 162 (1936).
(57) Brennecke, E., Z. anal. Chem., 86, 173 (1931).
(58) Brintzinger, II., and Jahn, E., Angew. Chem., 47, 456 (1934).
(59) Brintzinger, H., and Jahn, E., Z. anal. Chem., 94, 396 (1933).
(60) Brintzinger, H., and Rost, B., Ibid., 115, 241 (1939).
(61) Ibid., 117, 1 (1939).
(62) Ibid., 120, 165 (1940).
(63) Britton, H. T. S., Analyst, 65, 18 (1940).
(64) Britton, H. T. S., and Dodd, E. N ., J. Chem. Soc., 1931, 829.
(65) Ibid., 1932, 2464.
(66) Ibid., 1933, 1429.
(67) Ibid., 1933, 1543.
(68) Britton, H. T. S., and Königsten, M., Ibid., 1040, 673.
(69) Britton, H. T. S., and Phillips, L., Analyst, 65, 149 (1940).
(70) Britton, H. T. S., and Robinson, R. A., J. Chem. Soc., 1931,

458.



378 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 5

(71)
(72)

(73)

(74)
(75) 
(70)

(77)

(78)

(79)

(50)'
(51)

(82)

(S3)

(84)

(85)
(80) 
(87)

(SS)
(S9)
(90)
(91)

(92)

(93)
(94)

(95) 
(90)
(97)
(98)
(99) 

(100)

(101)

(102)
(103)

(104)

(105)

(106)

(107)
(10S)
(109)
(HO)
( 111)

(112)

(113)
(114)
(115)
(116)
(117)
(118)
(119)

(120) 

(121)

(122)
(123)
(124)

(125)
(126)
(127)
(128) 
(129)

Ibid., 1933, 512.
Britton, H. T. S., und Robinson, R. A., Trans. Faraday Soc., 

28, 531 (1932).
Britton, H. T. S., and Wilson, B. M., J. Chem. Soc., 1932, 

2550* 1933 9.
Britton', H. t !  S., and Young, A. E., Ibid., 1932, 2467. 
Brouwer, S. de, Bull. soc. chim. Belg., 48, 158 (1939).
Bruevich, S. V., and Vartolomeeva, F. E., J. Applied Chem.

(U. S. S. R.), 8, 366 (1935).
Bursuk, A. Y., and Zan'ko, A. M., Ber. ukrain. wiss. Forsch.- 

Inst. physik. Chem., 4, 83 (1934).
Burton, J. O., Matheson, H., and Acree, S. F., I n d .  E n g .

C h e m ., A n a l . E d ., 6 , 7 9  (1 9 3 4 ) .
Butler, J. A. V., nnd Armstrong, G., Trans. Faraday Soc., 29, 

862 (1933).
Calzavara, E., Bull. soc. franQ. phot., 19, 15 (1932).
Cattelain, £ . ,  and Couchet, G., Bidl. soc. chim., (5) 4, 499

(1937).
Cernatoseu, R., and Ralea, R., Ann. sei. univ. Jassy, 20, 118

(1934).
Chatterjee, B. K., and Jha, J. B., J. Indian Chem. Soc., 10, 727

(1933).
Cherry, R. H., Trans. Electrochem. Soc., 72, 173 (1937); 78, 351 

(1940). .
Chirkov, S. K., Zavodskaya Lab., 9, 1196 (1940).
Chirkov, S. K., and Schnee, M. S., Ibid., 6, 40 (1937). 
Chirkov, S. K., and Spikel’man, A. I., J . Applied Chem.

(£/. S. S. R.), 7, 1270 (1934).
Chloupek, J„ Chem. Listy, 27, 217 (1933).
Ibid., 27, 246 (1933).
Ibid., 27, 270 (1933).
Christensen, B. E., Wyinore, H., and Cheldenin, V. H., I n d .

E n g .  C h e m ., A n a l .  E d .,  10, 413 (1938).
Clarke, B. L., Wooten, L. A., and Compton, K. G., Ibid., 3, 

321 (1931).
Clippinger, D. R., and Foulk, C. W., Ibid., 11, 216 (1939). 
Compton, K. G., and Haring, H. E., Trans. Electrochem. Soc., 

6 2 , 345 (1932).
Coons, C. C., I n d .  E n o .  Chem., A n a l .  E d . ,  3, 402 (1931). 
Craig, D. N., J . Research Natl. Bur. Standards, 6, 169 (1931). 
Crowell, W. R., J . Am. Chem. Soc., 54, 1324 (1932).
Crowell, W. R., and Brumbach, H. L., Ibid., 57, 2607 (1935). 
Cuta, F., Collection Czechoslov. Chem. Commun., 7, 33 (1935). 
Czaporowski, L., and Wiercinski, J., Roczniki Chem., 11, 95

(1 9 3 1 ) .
Demarest, J. V., and Rieman, W., III, Ind. E n o .  C h e m ., A n a l ,  

E d., 3, 15 (1931).
Denina, E., and Caris, A., Gazz. chim. iial., 68, 295 (193S). 
Denisov, E. I., Trans. Leningrad Ind. Inst., No. 9, Sect. Phys.

Math., No. 2 , 46 (1936).
Dickens, P., and Brennecke, R., M ilt. Kaiser Wilhelm Inst.

Eisenforsch. Düsseldorf, 14, 249 (1932).
Dickons, P., and Maassen, G., Arch. EisenhüUenw., 9, 487

(1936).
Dickens, P., and Maassen, G., M itt. Kaiser Wilhelm Inst.

Eisenforsch. Düsseldorf, 17, 191 (1935).
Dickens, P., and Thanheiser, G., Ibid., 14, 169 (1932).
Ibid., 14, 179 (1932).
Ibid., 14, 407 (1932).
Ibid., 20, 35 (1938).
Dickens, P., and Thanheiser, G., Naturwissenschaften, 20, 407

(1932).
New York, John Wiley & Sons,“Glass Electrode”Dole, M.,

1941.
Dole, M., J. Am. Chem. Soc., 53, 620 (1931).
Ibid., 53, 4260 (1931).
Ibid., 54, 2120 (1932).
Ibid., 54, 3095 (1932).
Dole, M., J. Chem. Phys., 2, 862 (1934).
Dole, M., J . Phys. Chem., 36, 1570 (1932).
Dole, M., Roberts, R. M., and Holley, C. E., J. Am. Chem.

Soc., 63, 725 (1941).
Dole, M., and Wiener, B. Z., Trans. Electrochem. Soc., 72, 107

(1937).
Dorello, F., and Rowiński, P., Boll. soc. ital. biol. sper., 8, 321

(1933).
Drewski, K., Przemyśl Chem., 19, 63 (1935).
Drewski, K., Roczniki Chem., 12, 112 (1932).
Ducloux, E. H., Rev. facultad cienc. quim (Univ. nac. La 

Plata), 7, Pt. II, 97 (1930).
Ehrhardt, U., Angew. Chem., 53, 125 (1940).
Ehrhardt, U., Chem. Fabrik, 9, 509 (1936).
Eisermann, E., Arch. Eisenhüttenw., 12, 245 (1938).
Erbacher, E., Chcm.-Ztg., 57, 904 (1933).
Errera, J., Vogels, H., and Hauss, L., Compt. rend., 193, 959

(1931).

(130)

(131

(132

(133
(134

(135
(130
(137

(1 3 8
(139
(140
(141
(142
(143

(144
(145
(146

(147
(148
(149
(150
(151

(152

(153

(154

(155
(156
(157
(15S

(159

(160

(161

(162
(163
(164

•(165

(166
(167

(168
(169
(170
(171
(172

(173
(174

(175

(176
(177

(17S

(179
(ISO
(181

(182
(1S3
(1S4

(185
(186
(1S7
(18S
(1 S 9

Evans, 11. N .,  and Davenport, J. E., I n d . E n g .  C iie m ., A n a l .  
E d .,  3, 82 (1931).

Evans, R. N., and Davenport, J. E., ./. Am. Chem. Soc., 59, 
1920 (1937).

E v e n s o n , O . L ., a n d  N a g e l ,  R. H ., I n d . E n g .  C h e m ., A n a l .  
E d .,  3, 167 (1931).

Ibid., 3, 260 (1931).
Ewing, D. T., and Wilson, M., J ■ Am. Chem. Soc., 53, 2105

(1931).
Fell, E., Angew. Chem., 49, 606 (1930).
F e n w ic k , F . ,  I n d .  E n g .  C h e m ., A n a l .  E d . ,  4, 144 (1932).
Fisher, F. K., ./. Applied Chem. (U. S. S. R.), 9, 2269, 2275 

(1936).
Fisher, F. K., and Mavrin, G. A., Ibid., 10, 1687 (1937).
Flatt, R., lieh . Chim. Acta, 17, 1494 (1934).
Ibid., 20, 894 (1937).
Flatt, R., and Bonamo, A., Bull. soc. chim., 51, 761 (1932).
Flood, H., and Sletten, E., Z. anal. Chem., 115, 30 (1938).
Fogel’son, E. I., and Kalmuikova, N. V., Zavodskaya Lab., 5, 

14S (1936).
Ibid., 5, 124S (1936).
Ibid., 5, 1305 (1936).
Forrester, S. D., and Bain, D., J. Soc. Chem. Ind., 49, 410T 

(1930).
Ibid., 49, 423T (1930).
Ibid., 50, 100T (1931).
Frediani, H . A .,  I n d .  E n g .  C h e m ., A n a l .  E d . ,  11, 53 (1939).
Frediani, H. A., and Warren, W. B., Ibid., 13, 646 (1941).
French, S. J., and Hamilton, J. M., Proc. Indiana Acad. Sei., 

40, 171 (1931).
Fresno, C. del, and Aguado, A., Anales soc. espaii. fis. quim., 34, 

818 (1936).
Fresno, C. del, and Lafuentc, E., Gazz. chim. ital., 68, 619

(1938).
Fresno, C. del, and Mairlot, E., Anales soc. espaii. fis. quim., 30, 

254 (1932).
Ibid., 31, 122 (1933).
Ibid., 31, 531 (1933).
Ibid., 32, 2S0 (1934).
Fresno, C. del, and Mairlot, E., Rev. acad. cie/ic. Madrid, 30, 

315 (1933).
Fresno, C. del, and Mairlot, E., Z. anorg. allgem. ehem., 212, 

331 (1933).
Fresno, C. del, and Valdes, L., Anales soc. espaii. fis. quim., 34, 

813 (1936).
Fuhrmann, F., Mikrochemie, 1936, p. 130 (Molisch Fest­

schrift).
Furman, N . H .,  I n d .  E n g .  C h e m ., A n a l .  E d .,  2, 213 (1930).
Furman, N. H., J. Am. Chem. Soc., 54, 4235 (1932).
Furman, N. II., “Newer Volumetrie Methods” (tr. by Oesper), 

New York, D. Van Nostrand Co., 1938.
Furman, N. H., in Scott’s “Standard Methods”, p. 2314, 5th 

ed., New York, D. Van Nostrand Co., 1939.
Furman, N. H., Trans. Electrochem. Soc., 76, 45 (1939).
Funnan, N. H., Caley, E. R., and Schoonover, I. C., J. Am. 

Chem. Soc., 54, 1344 (1932).
Furman, N. H., and Low, G. W., Jr., Ibid., 55, 1310 (1933).
Ibid., 57, 1585, 1588 (1935).
Furman, N. H., and Miller, C. O., Ibid., 59, 152 (1937).
Ibid., 59, 161 (1937).
Furman, N. H., and Murray, W. M., Jr., Ibid., 58, 1689

(1936).
Furman, N . H., and Schoonover, I. C., Ibid., 53, 2561 (1931).
Gabbard, J. L., and Dole, M., Trans. Electrochem. Soc., 72, 

129 (1937).
Garman, R. L., and Droz, M. E .,  I n d .  E n g .  C iie m ., A n a l .  E d ., 

7, 341 (1935).
Ibid., 11, 39S (1939).
Garrett, A. B., Hogge, E., and Heiks, R., .Science, 92, 18 

(1940).
Gaukhman, M. S., and Stefanovski!, V. F., Zavodskaya Lab., 

9, 493 (1940).
Gay, J. R., I n d .  E n g .  C h e m ., A n a l .  E d . ,  11, 383 (1939).
Geake, A., Trans. Faraday Soc., 34, 1395 (1938).
Genis, M. Y., Grenberg, E. I., Zan’ko, A. M., and Novikova, 

L. N., Zavodskaya Loh., 9, 10S2 (1940).
Gerke, F. K., and Kardakova, Z. I., Ibid., 5, 932 (1936).
Getman, F. H., Trans. Electrochem. Soc., 64, 201 (1933).
G ilb e r t , E . C ., and C o b b , A ., I n d .  E n g .  C h e m ., A n a l .  E d ., 5, 

69 (1933).
Giraut-Erler, L., Compt. rend., 208, 1220 (1939).
Ibid., 208, 1399 (1939).
Gjaldbaek, J. K., Dansk Tids. Farm., 11, 315 (1937).
Gleu, Karl, Z. anorg. allgem. Chem., 195, 61 (1931).
Goodwin, C. W., Science, 92, 587 (1940).



May 15, 1942 A N A L Y T I C A L  E D I T I O N 379

(190) Goto, H., Science Repls. Tdhoku Imp. Univ., Ser. 1, 29, No. 1,
9 (1940).

(191) Grinberg, A. A., and Ptitzuin, B. V., Ann. inst. platine, No.
11, 77 (1933).

(192) Ibid., 12, 133 (1935).
(193) Grinberg, A. A., and Ptitzuin, B. V., Cotnpt. rend. acad. sei.

U. R. S. S., N. S. 1933, p .  284.
(194) Grinberg, A. A., and Ryabchikov, D. I., Acla Physicochim.

U. R. S. S., 8, 773 (1938).
(195) Gross, P., and Halpern, O., J. Chem. Phys., 2, 13G (1934).
(196) Ibid., 3, 45S (1935).
(197) Grundmann, R., and Iiellmick, R., J. prakt. Chem., 143, 100

(1935).
(198) Gućrón, J., Bull. soc. chim., (5) 1, 425 (1934), bibliography.
(199) Gurevich, T., Farmalsiya, 1940, Nos. 2-3, 5.
(200) Gutman, S. M., and Mikeeva, N. V., Soobshcheniya Vsesoyuz.

Inst. Metal., 1931, No. 5-0, 73.
(201) Gutman, S. M., and Piradyan, T. V., Repta. Central Inst.

Metals Leningrad, 16, 190, 194 (1934).
(202) Guzeli, L., Z. anal. Chem., 101, 257 (1935).
(203) Guzmán, J., and Rancano, A., Anales soc. espaíí.fís. quim., 32,

590 (1934).
(204) Guzmán, J., and Vincente, C., Bol. acad. cienc. exadcs fis.

quim. (Madrid), I, No. 2, 15 (1935).
(205) Hahn, F. L., Angew. Chan., 43, 712 (1930).
(206) Ibid., 45, 77 (1932).
(207) Hahn, F. L., Chem. Fabrik, 4, 121 (1931).
(208) Hahn, F. L., J. Am. Chem. Soc., 57, 2537 (1935).
(209) Hahn, F. L., Politécnica (Ecuador), 1, 119 (1936).
(210) Hahn, F. L., Z. anal. Chem., 76, 146 (1929).
(211) Ibid., 90, 417 (1933).
(212) Hahn, F. L., Z. anorg. allgcm. Chem., 195, 75 (1931).
(213) Hahn, F. L., Z. physik. Chem., 146, 363 (1930).
(214) Hahn, F. L., Frommer, M., and Schulze, R., Ibid.. 133, 390

(1928).
(215) Hahn, F. L., and Klockmann, R., Ibid., 146, 373 (1930).
(216) Ibid., 151, 80 (1930).
(217) Ibid., 157A, 203 (1931).
(218) Ibid., 157A, 206 (1931).
(219) Ibid., 157A, 209 (1931).
(220) Halford, J. O., J. Am. Chem. Soc., 53, 2944 (1931).
(221) Hanson, W. E., Sweetser, S. B., and Feldman, H. B., Ibid., 56,

577 (1934).
(222) Hantzsch, A., I/elv. Chim. A da, 14, 665 (1931).
(223) Harland, J. S., Forrester, S. D., and Bain, D. J., ./. Soc. Chem.

Ind., 50, 100T (1931). .
(224) Harned, H. S., and Wright, D. D., J . Am. Chem. Soc., 55, 4849

(1933).
(225) Hayek, E., Monalsh., 65, 233 (1935).
(226) Heczko, T., Angew. Chem., 44, 992 (1931).
(227) Hellström, H., Svensk. Kern. Tids., 45, 157 (1933).
(228) Herzog, M. L., I n d .  E n g .  Chem., A n a l .  E d . ,  7, 47 (1935).
(229) Hiltner, W., "Ausführung potentiometrischer Analyse”, Berlin,

Julius Springer, 1935.
(230) Hiltner, W., Chem. Fabrik, 6, 111 (1933).
(231) Hiltner, W., Z anal. Chem., 95, 37 (1933).
(232) Ibid., 96, 193 (1934).
(233) Hiltner, W., and Gittel, W., Ibid., 99, 97 (1934).
(234) Ibid., 99, 169 (1934).
(235) Ibid., 101, 28 (1935).
(236) Hiltner, W., and Grundmann, W., Arch. Eisenhilttenw., 7,

461 (1934).
(237) Hiltner, AV., and Grundmann, W., Z. anal. Chem., 97, 172

(1934).
(238) Hiltner, W., and Grundmann, AV., Z. anorg. allgem. Chem., 218,

1 (1934).
(239) Hiltner, AV., and Grundmann, AV., Z. physik. Chem., A168, 291

(1934).
(240) Hiltner, W., and Marwan, C., Z. anal. Chem., 91, 401 (1933).
(241) Hiltner, AAr., and Seidel, L., ./. prakt. Chem., 143, 94 (1935).
(242) Hoar, T. P., Proc. Roy. Soc. (London) A, 142, 628 (1933).
(243) Höleman, H., Z. anorg. allgem. Chem., 217, 33 (1934).
(244) Ibid., 217, 105 (1934).
(245) Hoff-Jorgensen, E., Ingeniaren, 47, KS4 (1938).
(246) Hollens, AV. R. A., and Spencer, J. F., Analyst, 60, 672 (1935).
(247) Holst, G., Svensk. Kem. Tids., 43, 2 (1931).
(248) Hope, H. B., and Ross, M., I n d .  E n g .  Chem., A n a l .  E d . ,  6,

316 (1934).
(249) Hovorka, F., and Chapman, G. H., J . Am. Chem. Soc., 63,

955 (1941).
(250) Hovorka, F., and Dearing, W. C., Ibid., 57, 466 (1935).
(251) Ingold, C. K., and Mohrhenn, H. G. G., J . Chem. Soc., 1935,

949.
(252) Irving, G. AV., and Smith, N . R., I n d .  E n g .  Chem., A n a l .  E d .,

6, 480 (1934).

(253) Ishikawa, F., and Murooka, T., Science Repts. Tóhoku Imp.
Univ., Ser. 1, 21, 527 (1932).

(254) Ishimaru, S., Chem. Soc. Japan, 56, 19 (1935).
(255) Isida, T., and Yukawa, M., ./. Soc. Chem. Ind. Japan, 43,

Suppl. 46 (1940).
(256) Itano, A., Compt. rend. trav. lab. Carlsberg. S ir. chim., 22, 235

(1938).
(257) Itano, A., J. Agr. Chem. Soc. Japan, 7, 603 (1931).
(258) Itano, A., and Tsuji, Y., J. Sei. Soil Manure, 7, No. 1 (1933).
(259) Izmailov, N. A., and Bel'gova, M. A., J . Gen. Chem. (?/. S.

S. R.), 9, 453 (1939).
(260) Izmailov, N. A., and Shvartsinan, A. G., Ukrain. Khem. Zhur.,

12, 375 (1937).
(261) Janssens, R., Natuurwet. Tijdschr., 13, 257 (1931).
(262) Jantsch, G., and Gawolowski, H., Z. anal. Chem., 107, 3S9

(1936).
(263) Jha, B„ ./. Indian Chem. Soc., 10, 643 (1933).
(264) Jimeno, E., and Ibarz, J., Anales soc . espail. fis. quim., 30, 128

(1932).
(265) Joassart, N., and Leclerc, E., Chimie & Industrie, Spl. No., p.

169 (March 1931); Bull. soc. chim. Belg., 39, 231 (1930).
(266) Johnson, C. R., J. Phys. Chem., 36, 1942 (1932).
(267) Johnson, C. R., and Low, G. AV., Jr., Ibid., 36, 2390 (1932).
(268) Johnson, W. C., Chemistry & Industry, 58, 573 (1939).
(269) Jung, AAr., and Uspenskaya, L. P., Z. anorg. allgem. Chem., 206,

125 (1932).
(270) Kamieński, B., Roczniki Chem., 14, 268 (1934).
(271) Kamieński, B., and Karczewski, K., Ibid., 11, 577 (1931).
(272) Kanning, E . AV., and Krath, F. H., I n d .  E n g .  Chem., A n a l .

E d .,  5, 381 (1933).
(273) Kargin, V., and Usanovich, M. I., J. Applied Chem. ( U. S.

S. R.), 5, 458 (1932).
(274) Karrer, P., and Jaeger, AV., Helv. Chim. A da, 22, 314 (1939).
(275) Kassner, J. L., Hunze, R. B., and Chatfield, J. N., J. Am.

Chem. Soc., 54, 2278 (1932).
(276) Kauko, Y., and Knappsberg, L., Suomen Kemistüehti, 12B, 17

(1939).
(277) Khitarov, P. I., J. Applied Chem. ((/. S. S. R.), 6, 1159 (1933).
(278) Khlopin, N. Y., Chimie & Industrie, 28, 1351 (1932).
(279) Khlopin, N. Y., Z. anal. Chem., 102, 263 (1935).
(280) Khlopin, N. Y., Zavodskaya Lab., 2, 11 (1933).
(281) Ibid., 2, 16 (1933).
(282) Ibid., 2, 24 (1933).
(283) Ibid., 2, 28 (1933).
(284) Ibid., 3, 884 (1934).
(285) Ibid., 4, 289 (1935).
(286) Ibid., 5, 580 (1936).
(287) Ibid., 5, 939 (1936).
(288) Ibid., 6, 227 (1937).
(289) Ibid., 6, 548 (1937).
(290) Ibid., 6, S82 (1937).
(291) Kiba, T., J . Chem. Soc. Japan, 59, 577, 583 (1938).
(292) Ibid., 60, 1073 (1939).
(293) KUpi, S., Z. physik. Chem., A172, 277 (1935).
(294) Ibid., A173, 427 (1935); A174, 441 (1935); Z. anal. Chem.,

104, 390 (1936).
(295) King, N . J., I n d . E n g .  Chem., A n a l .  E d . ,  5, 323 (1933).
(296) Kitajima, I . , ./. Chem. Soc. Japan, 55, 884 (1934).
(297) Klinger, P., Stengel, E., and Koch, AV., Tech. M itt. Krupp, 3,

41 (1935); Arch. Eisenhilttenw., 8, 433 (1935).
(298) Kolthoff, I. M., Trans. Eledrochem. Soc., 77, 191 (1940).
(299) Kolthoff, I. M., and Furman, N. H., "Potentiometrie Titra­

tions", 2nd ed., New York, John AViley & Sons, 1931.
(300) Kolthoff, I. M., and Langer, A., J. Am. Chem. Soc., 62, 211

(1940).
(301) Ibid., 62, 3172 (1940).
(302) Kolthoff, I. M., and Lingane, J. J., Chem. Revs., 24, 1 (1939);

“Polarography”, New York, Interseience Publishers, 1941.
(303) Kolthoff, I. M., and Lingane, J. J., J . Am. Chem. Soc., 58, 1524

(1936).
(304) Ibid., 58, 1528 (1936).
(305) Ibid., 58, 2457 (1936).
(306) Kolthoff, I. M., and Pan, D. Y., Ibid., 61, 3402 (1939).
(307) Ibid., 62, 3332 (1940).
(308) Kolthoff, I. M., and Wang, C., J. Phys. Chem., 41, 539 (1937).
(309) Konikov, A. P., J . Gen. Chem. (CT. S. S. R.), 8, 1204 (1938).
(310) Kordatzki, W., and Wulff, P., Z. anal. Chem., 89, 241 (1932).
(311) Krueger, A. C., and Kahlenberg, L., Trans. Eledrochem. Soc.,

58, 107 (1930).
(312) Krüll, F., Centr. Mineral. Geol., 1934A, 331.
(313) Krumholz, P., Mikrochemie, 25, 244 (1938).
(314) Kryulov, P. A., and Kolarova, E. D., Pedology ( U. S. S . R.),

1939, No. 12, 76-85.
(315) Kuhn, R., and Lyman, J. C., Ber., 69B, 6268 (1936).
(316) Kulvarskaya, R. M., Z. anal. Chem., 89, 199 (1932).



380 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 5

(317) Kutovskil, M. Y., and Kholmyanskaya, S. M., Kozhevenno-
Obuvnaya Prom. (U. S. S. R.), 16, 40 (1937).

(318) Laitinen, H. A., I n d .  E n g .  C h e m ., A n a l .  E d .,  13, 393 (1941).
(319) LaMer, V. K., and Armbruster, M. II., J. Am. Chem. Soc., 57,

1510 (1935).
(320) LaMer, V. K., and Downes, H. C., Ibid., 53, 8S8 (1931).
(321) Lammert, O. M., Morgan, J. L. R., and Campbell, M., Ibid.,

53, 597 (1931).
(322) Ibid., 54, 910 (1932).
(323) Lang, R., Z. anal. Chem., 115, 103 (1938).
(324) Lang, R., and Faude, G., Ibid., 108, 181 (1937).
(325) Lang, R., and Zworina, J., Ibid., 91, 5 (1932).
(326) Ibid., 93, 252'(1933).
(327) Lange, E., and Berger, R., Z. Elektrochem., 36, 9S0 (1930).
(328) Langer, A ., I n d .  E n g .  C h e m ., A n a l .  E d .,  12, 511 (1940).
(329) Lassieur, A., Ann. chim. anal. chim. applica., 12, 290 (1930).
(330) Latimer, W., "Oxidation Potentials”, New York, Prentice-

Hall, 1938.
(331) Laug, E. P., J . Am. Chem. Soc., 56, 1034 (1934).
(332) LeBlane, M., and Harnapp, O., Z. physik. Chem., A166, 321

(1933).
(333) Lederer, H., Z. anal. Chem., 98, 38 (1934).
(334) Levenson, V. E., and Kochmarev, A. T., J. Applied Chem.

( U. S. S. R.), 8, 1291 (1933).
(335) Liander, H., Iva, 1935, 78.
(336) Linder, R., and Kirk, P. L., Mikrochemie, 23, 269 (1938).
(337) Lingo, M. de, and Thaler, H., Anales soc. espail. fis. qulm., 33,

376 (1935).
(338) Linnk, Y. A., Colloid J. ( U. S. S. R.), 4, 689 (1938).
(339) Litzinger, A., and Pickett, L. W., ./. Am. Chem. Soc., 56, 124

(1934).
(340) Lochte, H. L., and Hoover, A ., I n d .  E n g .  Chem., A n a l .  E d .,

5, 335 (1933).
(341) Löbering, J., Z. anal. Chem., 101, 392 (1935).
(342) Ibid., 103, 180 (1935).
(343) Lottermoser, A., and Ghoae, A. K., Kolloid Beih., 45, 253

(1937).
(344) Low, G. W., Jr., and Pryde, E. H., J. .1 m. Chem. Soc., 61, 2237

(1939).
(345) Lux, H., Z. Eleklrochem., 45, 303 (1939).
(346) Luyckx, Ą., Bull. soc. chim. Belg., 40, 269 (1931).
(347) Lykken, L., and Rolfson, F. B., I n d . E n g .  Chem., A n a l .  E d .,

13, 653 (1941).
(348) Lyle, A. K., Jr., J . Am. Ceram. Soc., 15, 334 (1932).
(349) Maass, K., Z. anal. Chan., 97, 241 (1934).
(350) Maclnnes, D. A., and Beicher, D., J . Am. Chem. Soc., 53,

3315 (1931); I n d .  E n g .  Chem., A n a l .  E d .,  5, 199 (1933).
(351) Maclnnes, D. A., and Cowperthwaite, I. A., J. Am. Chem.

Soc., 53, 555 (1931).
(352) Maclnnes, D. A., and Dole, M., I n d .  E n g .  Chem., A n a l .  E d .,

1, 57 (1929).
(353) Maclnnes, D. A., and Dole, M., J . Am. Chem. Soc., 52, 29

(1930).
(354) Maclnnes, D. A., and Dole, M., J . Gen. Physiol., 12, 805

(1929).
(355) Maclnnes, D. A., and Longsworth, L. G., Trans. Eleclrochcm.

Soc., 71 (1937).
(356) Madzhagaladze, K. L., Zavodskaya Lab., 6, 305 (1937).
(357) Maheshwari, G. L., and Jha, J. B., J . Indian Chem. Soc., 14,

42 (1937).
(358) Majer, V., Z. Elektrochem., 42, 120, 123 (1936).
(359) Malvea, B. B., and Withrow, J. R., J . Am. Chem. Soc., 54,

2243 (1932).
(360) Maricq, L., Bull. soc. chim. Belg., 40, 361 (1931).
(361) Maricq, L., Bull. soc. chim. biol., 12, 1366 (1930).
(362) Martin, A. E., J . Soc. Chem. b id ., 56, 179T (1937).
(363) Martynchenko, I., and Shimko, A., Zavodskaya Lab., 5, 1297

(1936).
(364) Masaki, K., Bull. Chem. Soc. Japan, 7, 188 (1932).
(365) Masaki, K., and Hirabashi, 0 .,  Ibid., 8, 245 (1933).
(366) Masalsklí, V. L., and Chernuil, A. T., J. Gen. Chem. ((/. S.

S. R.), 6, 37 (1936).
(367) Matula, V. A., Chem. Obzor, 6, 124 (1931).
(368) Mazzuchelli, A., Gazz. chim. ital., 62, 265 (1932).
(369) Michaelis, L., Chem. Revs., 16, 243 (1935)
(370) Michaelis, L., J . Am. Chem. Soc., 53, 2953 (1931).
(371) Michaelis, L., Schubert, M. P., and Granick, S., Ibid., 61, 1981

(1939).
(372) Michalski, E., Roczniki Chem., 15, 468 (1935).
(373) Ibid., 17, S3 (1937).
(374) Ibid., 17, 578 (1937).
(375) Mika, J., Mikrochemie, 25, 109 (1938).
(376) Mikawa, T., Biochem. J ., 27, 1S29 (1933).
(377) Miloslavskil, N. M., and Dolgova, Y . I., Zavodskaya Lab., 5,

12S9 (1936).

(378) Minnaev, B. A., Ibid., 3, 863 (1934).
(379) Mohr, H., Biochem. Z., 302, 220 (1939).
(380) Moiseev, A . S., Khim. Referat. Zhur., 1939, No. 7, 59.
(381) Morgan, J. L. R., and Lammert, O. M., J. Am. Chem. Soc., 53,

2154 (1931).
(382) Morgan, J. L. R., Lammert, O. M., and Campbell, M. A .,

Ibid., 53, 454 (1931).
(383) Morgan, J. L. R., Lammert, O. M., and Campbell, M. A .,

Trans. Eleclrochcm. Soc., 61, 405 (1932).
(3S4) Morton, C., J. Sei. Instruments, 7, 187 (1930).
(385) Moser, H., Raub, E., and Stein, W., Z. Elektrochem., 39, 623

(1933).
(386) Moskovich, S. M., Ber. Inst, physik. Chem., Akad. TKiss.

(U. S. S. R.), 6, 179 (1936).
(387) Müller, E., “Elektrometrische Massanalyse”, 5th ed., Dresden,

T. Steinkopff, 1932.
(388) Müller, E., and Haase, G., Z. anal. Chem., 91, 241 (1933).
(389) Müller, E., and Holder, G., Ibid., 84, 410 (1931).
(390) Müller, E., and Melhorn, K., Angew. Chem., 47, 134 (1934).
(391) Müller, E., and Melhorn, K., Z. anal. Chem., 96, 173 (1939).
(392) Müller, E., and Stein, W., Z. Elektrochem., 40, 133 (1934).
(393) Müller, E., and Tänzler, K., Z. anal. Chem., 89, 339 (1932).
(394) Müller, Fr., Trans. Electrochem. Soc., 62, 335 (1932).
(395) Müller, Fr., Z. Elektrochem., 38, 418 (1932).
(396) Müller, Fr., and Dürichen, W., Phys. Z., 39, 657 (1938).
(397) Müller, Fr., and Dürichen, W., Z. Elektrochem., 42, 31 (1936).
(398) Müller, O., Chem. Revs., 24, 95 (1939).
(399) Müller, O., Cold Spring Harbor Symposia Quant. Biol., 7, 59

(1939).
(400) Müller, O., J. Am. Chem. Soc., 61, 2434 (1939).
(401) Müller, O., and Bamberger, J. P., Trans. Electrochem. Soc., 71,

169 (1937).
(402) Ibid., 71, 181 (1937).
(403) Müller, R., and Brenneis, H., Berg- u. hüttenmänn. Jahrb.

montan. Hochschule Leoben, 80, 101 (1932).
(404) Murgulescu, I. G., and Drägulescu, C., Z. physik. Chem.,

A185, 375 (1939).
(405) Murooka, T., Bull. iTist. Phys. Chem. Research (Tokyo), 14,

844 (1935).
(406) Mutschin, A., Z. anal. Chem., 103, 342 (1935).
(407) Nadeau, G. F., and Branchen, L. E., ./. Am. Chem. Soc., 57,

1363 (1935).
(408) Nakazono, T., Science Repts. Töhoku Imp. Univ.. Ser. 1, 26,

743 (1938).
(409) Nakazono, T., and Inoko, S., Ibid., 26, 303 (1937).
(410) Neller, J. R., I n d .  E n g .  Chem., A n a l .  E d .,  6, 426 (1934).
(411) Neuberger, A., Arch. Eisenhüttenw., 13, 171 (1939).
(412) Neuberger, A., Proc. Roy. Soc., B115, ISO (1934).
(413) Neuberger, A., Z. anal. Chem., 116, 1 (1939).
(414) Neuss, J. D., and Rieman, W., I l l ,  J . Am. Chem. Soc., 56, 2238

(1934).
(415) Nichols, M. L., and Cooper, S. R., I n d .  E n g .  C h e m ., A n a l .

E d . ,  7, 353 (1935).
(416) Nierstrasz, C. A., and Tendeloo, H. J. C., Rec. trav. chim., 53,

792 (1934).
(417) Nikolskii, B. P., and Lavrov, I. N., Proc. Leningrad Dept. Inst.

Fert., 17, 45 (1933).
(418) Noda, I., J. Electrochem. Assoc. Japan, 8, 184 (1940).
(419) Nottingham, W. B., J. Franklin Inst., 209, 287 (1930).
(420) Obrucheva, A., J . Phys. Chem. (U . S. S. R.), 11, 473 (1938).
(421) Ogston, A. G., and Brown, J. F., Trans. Faraday Soc., 31,

574 (1935).
(422) Orestov, I. L., Bull. univ. Asie centrale, No. 22, 177 (1938).
(423) Orloff, S. S., Zavodskaya Lab., 8, 913 (1939).
(424) Orlov, I. E., Khim. Farm. Prom., 1933, 213.
(425) Parks, L. R., and Beard, H. C., J. Am. Chem. Soc., 54, 856

(1932).
(426) Parks, L. R., and Beard, H. C., J . Phys. Chem., 37, 821 (1933).
(427) Partridge, H. M., and Bowles, J. A. C., Mikrochemie, 11, 326

(1932).
(42S) Perley, G. A ., I n d .  E n g .  C h e m ., A n a l .  E d . ,  11, 240, 316 (1939).
(429) Petit, A., Bull. soc. chim., 51, 1312 (1932).
(430) Pevtsov, G. A., Zavodskaya Lab., 7, 916 (1938).
(431) Piccinini, C., Met. ital., 27, 707 (1935).
(432) Pinskaya, T. A., Zavodskaya Lab., 6, 1272 (1937).
(433) Pollatschek, H., Z. Elektrochemie, 41, 340 (1935).
(434) Poup£, E., Chem. Listy, 33, 306 (1939).
(435) Prased, C., and Jha, J. B ., J . Indian Chem. Soc., 12, 13 (1935).
(436) Pratesi, P., and Celeghini, R., A tti V  congr. nazl. chim. pura

applicata, Roma, 1935, Pt. II, 847 (1936).
(437) Procter and Gamble Co., I n d .  E n g .  C h e m ., A n a l .  E d ., 9, 514

(1937).
(438) Prytz, M., Z. anorg. allgem. Chem., 200, 133 (1931).
(439) Pugh, W., J. Chem. Soc., 1933, 1.
(440) Ib id , 1934, 11S0.



May 15, 1942 A N A L Y T I C A L  E D I T I O N 381

(441) Pugh, W., Trans. Roy. Soc. So. Africa, 22, 71 (1934).
(442) Rabinovich, T. Y., Zavadskaya Lab., 6, 504 (1937).
(443) Raikhinstein, T. G., Trans, hist. Chon. Tech. Ivanovo (U. S.

S. R.), 1940, 17.
(444) Raines, M. M., and Putning, A. R., Zavodskaya Lab., 6, 888

(1937).
(445) Ralston, R. R., Follows, C. H., and Wyatt, K. S., I n d .  E n g .

CnEM., A n a l .  Ed ., 4, 109 (1932).
(446) Rapoport, F., Reifer, I., and Weinmann, H., Mikrochim. Acta,

1, 290 (1937).
(447) Raspopov, S. I., and Finkelshtein, D. N., Zavodskaya Lab., 5,

353 (1936).
(448) Raub, E., Mitt. Forsch.-Inst. Probicramts Edelmetalle staatl.

höheren Fachschule schuiäb. Gmünd, 8, 1 (1934).
(449) Reichert, J . S., McNeight, S. A ., and Rudel, H. W., I n d .  E n g .

Chem., A n a l .  E d .,  1 1 , 1 9 4  (1 9 3 9 ) .
(450) Ringbom, A., Acta Acad. Aboensis, Math. Phys., 8, 5 (1934).
(451) Ringbom, A., Z. anal. Chem., 84, 161 (1931).
(452) Ringbom, A., Z. physik. Chem., A173, 198, 207 (1935).
(453) Ripan-Tilici, R., Z. anal. Chem., 94, 331 (1933).
(454) Ibid. 98, 23 (1934).
(455) Ibid., 104, 189 (1936).
(456) Ibid., 105, 410 (1936).
(457) Ibid., 114, 412 (1938).
(458) Ibid., 116, 431 (1939).
(459) Rius, A., and Arnal, V., Anales soc. espafi. fis. qulm., 31, 325

(1933).
(4 6 0 )  R o b in s o n , H., a n d  Hugg, H., I n d .  E n g .  C h e m ., A n a l .  E d . ,  9 ,

565 (1937).
(461) Roche, A., and Roche, J., Arch. phys. biol., 9, 273 (1932).
(462) Roche, J., and Roclie, A., Bull. soc. chim. biol., 13, 835 (1931).
(463) Roller, P. S., J . Am. Chem. Soc., 54, 3485 (1932).
(464) Romon, J. V., Anales soc. espafi. fis. qulm., 28, 1045 (1930).
(465) Rosebury, F., I n d .  E n g .  Chem., A n a l .  E d . ,  4, 398 (1932);

5, 3 (1933).
(466) Ruehle, A. E., Ibid., 10, 130 (1938).
(467) Ruiss, I. G., and Babalova, A. A., Zavodskaya Lab., 4, 1199

(1935).
(468) Rumpf, P., Com.pt. rend., 197, 686 (1933).
(469) Ryabchikov, D. I., and Knyazhcva, G V., Compt. rend. acad.

sei. U. R. S. S., 25, 601 (1939).
(470) Ryabchikov, D. I., and Silnichenko, V. G., J. Applied Chem.

(U. S. S. R.), 12, 1907 (1939).
(471) Ryss, I. G., and Bakina, N. P., Zavodskaya Lab., 6, 172 (1937).
(472) Sabinina, L. E., and Moralev, A. K., J. Applied Chem. (U. S.

S. R .), 12, 301 (1939).
(473) Saitö, S., Bull. Inst. Phys. Chem. Research (Tokyo), 1 1 , 593,

600 (1932).
(474) Saitö, S., Sei. Papers Inst. Phys. Chem. Research (Tokyo), 24,

226 (1934).
(475) Sandved, K., andHarang, H., Kgl. Norske Videnskab. Selskabs,

Forh., 12, 41 (1939).
(476) Sanfourchc, A., Compt. rend., 192, 1225 (1931).
(477) Scagliarini, G., A tti X °  cong. intern, chim., 3, 466 (1939).
(478) Schaefer, E., Arch. Eisenhüttenw., 11, 297 (1937).
(479) Scherbakov, V. G., and Kholcheva, T. S., Zavodskaya Lab., 9, 

827 (1940).
(480) Schoonover, I. C., and Furman, N. H., J. Am. Chem. Soc., 55,

3123 (1933).
(481) Schütza, H., Angew. Chem., 51, 55 (193S).
(482) Schwarz, K., Mikrochemie, 13, 6 (1933).
(483) Schwarz, K., and Kantor, T„ Ibid., 13, 225 (1933).
(484) Schwarz, K., and Schlösser, C., Ibid., 13, 18 (1933).
(485) Senyuta, N. K., Zavodskaya Lab., 7, 103S (1938).
(486) Serfass, E . J .,  I n d .  E n g .  Chem., A n a l .  E d . ,  12, 536 (1940).
(487) Sergeev, A. P., Zavodskaya Lab., 8, 907 (1939).
(488) Sergeev, A. P., and Yavorskil, A. N., J. Applied Chem. ( U. S.

S. R.), 11, 113, 117 (1938).
(489) Shafershtein, I. Y., Khavkin, Y. S., and Izmailov, N . A.,

Trans. Ukrain. Inst. Exptl. Pharm., 1, 122, 127 (1938).
(490) Shakhkeldian, A. B„ Ibid., 1, 1012 (1931).
(491) Ibid., 10, 1706 (1937).
(492) Ibid., 11 , 546 (1938).
(493) Ibid., 11, 691 (1938).
(494) Shemyakin, F. M., and Volkova, V. A., J . Gen. Chem. (U. S.

S. R.), 7, 1328 (1937).
(495) Shenk, W. E . ,  and Fenwick, F., I n d .  E n g .  Chem., A n a l .  E d .,

7, 194 (1935).
(496) Shibata, E., J. Chem. Soc. Japan, 51, 617 (1930).
(497) Shisakov, N. A., J . Gen. Chem. (U. S. S. R .), 1, 1012 (1931). 
(49S) Shkodin, A. M., Ibid., 10, 1694 (1940).
(499) Sholes, S. R., Glass Ind., 12, 112 (1931).
(500) Shukoff, I., and Raikenstcin, T. G., J . Gen. Chem. (U. S. S. R.),

4, 962 (1934).
(501) Singh, B., J . Indian Chem. Soc., 15, 615 (193S).

(502) Singh, B., and Ahmad, G., Ibid., 15, 416 (1938).
(503) Singh, B., and Ilahi, I., Ibid., 13, 717 (1936).
(504) Ibid., 14, 376 (1937).
(505) Singh, B., and Malik, I. I., Ibid., 14, 435 (1937).
(506) Singh, B., and Rehman, A., Ibid., 17, 169, 173 (1940).
(507) Singh, B„ and Singh, II., Ibid., 16, 27, 95, 343, 346 (1939).
(508) Sinozaki, H., ./. Chem. Soc. Japan, 36, suppl., 145 (1935).
(509) Skobets, E. M., and Kleibs, G. A., J. Gen. Chem. (U. S. S. R.),

10, 1612 (1940).
(510) Smith, G. F., and Duke, F. R., I n d .  E n g .  Ciiem., A n a l .  E d .,

13, 558 (1941).
(511) Smith, G. F., and Getz, C. A., Ibid., 10, 191 (1938).
(512) Ibid., 10, 204 (1938).
(513) Ibid., 12, 339 (1940).
(514) Smith, G. F., and May, R. L., J . Am. Ceram. Soc., 22, 31

(1939).
(515) Smith, G. F., and Sullivan, V. R., J. Soc. Chem. Ind., 56, 104T

(1937).
(516) Snyder, E. F„ Soil Sci., 35, 43 (1933).
(517) Soloveva, N. N., Chem. Zentr., 1932, II, 2716.
(518) Sosnovskil, B. A., Domez, 1934, No. 10, 578, No. 11, 66.
(519) Sosnovskil, B. A., Zavodskaya Lab., 3, 605 (1934).
(520) Ibid., 3, 696 (1934).
(521) Spacu, G., and Dr&gulescu, C., Bull. seel. sci. acad. roumaine,

20, No. 1-3, No. 8, 1 (1938).
(522) Ibid., 21, 85 (1938-1939).
(523) Ibid., 22, 1 (1939).
(524) Ibid., 22, 367 (1940).
(525) Spacu, G., and Dr&guloscu, C., Z. anal. Chem., 100, 259 (1935).
(526) Ibid., 101, 113 (1935).
(527) Spacu, G., and Dr&gulescu, C., Z. anorg. allgem. Chem., 224,

273 (1935).
(528) Spacu, G., and Murgulcscu, I. G., Z. anal. Chem., 96, 109

(1934).
(529) Spacu, G., and Spacu, P., Ibid., 96, 188, 270 (1934).
(530) Ibid., 97, 99, 263 (1934).
(531) Ibid., 98, 179, 248 (1934).
(532) Spacu, P., Bull. sect. sci. acad. roumaine, 22, 142 (1939).
(533) Spacu, P., Bid. soc. stiinte Cluj, 8, 317 (1935).
(534) Ibid., 8, 399 (1936).
(535) Spacu, P., Z. anal. Chem., 97, 192 (1934),
(536) Ibid., 98, 26 (1934).
(537) Ibid., 100, 187 (1935).
(538) Ibid., 100, 397 (1935).
(539) Ibid., 103, 422 (1935).
(540) Ibid., 104, 119 (1936).
(541) Spalenka, M., Collection Czechoslov. Chem. Comtnun., 11, 146

(1939).
(542) Spindek, F., Chem.-Ztg., 54, 890 (1930).
(543) Spychalski, R., Roczniki Chem., 13, 236 (1933).
(544) Stadie, W . C„ J. Biol. Chem., 83. 477 (1929).
(545) Stansby, M. E .,  and Fitzgerald, G. A ., I n d .  E n g .  Chem., A n a l .

E d . ,  11 , 290 (1939).
(546) Stefanovskil, V. F., J . Applied Chem. (U. S. S. R.), 5, 92

(1932).
(547) Stefanovskil, V. F., J . Gen. Chem. (U. S. S. R .), 1, 991 (1931).
(548) Stehlik, B., Collection Czechoslov. Chem. Commun., 4, 418

(1932).
(549) Stclling, O., Svensk. Kem. Tids., 43, 130 (1931).
(550) Ibid., 45, 3 (1933).
(551) Steuer, II., Z. anal. Chem., 1 1 8 , 386 (1940).
(552) Strafford, N., and Stubbins, W . V., J . Soc. Chem. Ind., 57, 242

(1938).
(553) Strufl, R., Collection Czechoslov. Chem. Commun., 10, 475

(1938).
(554) Sturges, D. G„ I n d .  E n g .  Chem., A n a l .  E d . ,  11 , 267 (1939).
(555) Sunthankar, S. R., and Jatkar, S. K. K., •/. Indian Inst. Sci.,

2 1 A , 189, 209 (1938).
(556) Syrokomskii, V. S., and Antropov, L. I., Zavodskaya Lab., 9,

818 (1940).
(557) Syrokomskii, V. S., and Klimenko, Y. V., Ibid., 7, 1093 (1938).
(558) Szebell6dy, L., and J6n;is, J., Z. anal. Chem., 104, 271 (1936);

Magyar Gyigyszerisztud. Tdrsasdg lirtesiloje, 11, 674 (1935).
(559) Tamele, M. W ., and Ryland, L. B., I n d .  E n g .  Chem., A n a l .

E d .,  8, 16 (1936).
(560) Tamele, M. W , Ryland, L. B., and Irving, V. C., Ibid., 13,

618 (1941).
(561) Tannaev, I., J . Applied Chem. ( U. S. S. R .), 5, 86 (1932).
(562) Tannaev, I., and Diaparidze, E., Bull. Acad. Sci. U. R. S. S.,

1938, No. 2, 539.
(563) Tannaev, I., and Diaparidze, E., Z. anal. Chem., 107, 347

(1936).
(564) Tannaev, I., and Mirianashvili, N. I., J. Applied Chem.

(U .S . S. R.), 10, 2082 (1937).
(565) Tarayan, V M., Zavodskaya Lab., 7, 176 (1938).
(566) Ibid.', 8, 273 (1939)



382 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 5

(5C7) Tartar, H. V., and McClain, H. K., J . Am. Chem. Soc., 53, 
3201 (1931).

(508) Tartar, H. V., and Walker, M., Ibid., 52, 2256 (1930).
(569) Teis, R. V., and Vagner, 0 .  R., J. Gen. Chem. (JJ. S. S. R.), 4,

927 (1934).
(570) Tcndeloo, H. J. C., J . Biol. Chem., 113, 333 (1936).
(571) Terjesen, S. G., and Sandved, K., Kgl. Norske Videnskab.

Selskabs, Skrifter, 1938, No. 7.
(572) Thaler, H., and de Lingo, M., Z. Untersuchung. Lebensm., 69

407 (1935).
(573) Thanheiser, G., and Dickens, P., Arch. Eisenhültenw., 7, 557

(1934).
(574) Thanheiser, G., and Dickens, P., M itt. Kaiser Wilhelm Inst.

Eisenforsch. Düsseldorf, 13, 187 (1931).
(575) Ibid., 15, 255 (1933).
(576) Thompson, M. R., J. Research Natl. Bur. Standards, 9, 833

(1932).
(577) Tikhonov, A. S., Zavodskaya Lab., 8, 17 (1939).
(578) Tomiéek, O., Chem. Listy, 32, 442 (1938).
(579) Tomiéek, O., Collection Czechoslov. Chem. Commun., 11, 449

(1939).
(580) Tomiéek, O., and Feldmann, J., Casopis Ceskoslov. Lékdrnictm,

15, 127 (1935).
(581) Tomiéek, O., and Filipovic, P., Collection Czechoslov. Chem.

Commun., 10, 340, 415 (1938).
(5S2) Tomiéek, O., and Freiberger, F., J. Am. Chem. Soc., 57, 801

(1935).
(583) Tomiéek, O., and Hubrova, M. K., Collection Czechoslov. Chem.

Commun., 8, 293 (1936).
(584) Tomiéek, O., and Jasek, M., Ibid., 10, 353 (1938).
(585) Tomiéek, O., and Kalny, J., J. Am. Chem. Soc., 57, 1209

(1935).
(586) Tomiéek, O., and Pribil, R., Collection Czechoslov. Chem. Com­

mun., 7, 10 (1935).
(587) Tomiéek, O., and Procke, O., Ibid., 3, 116 (1931).
(588) Tomtöek, O., and Sucharda, B., Öasopis Ceskoslov. Lékdrnidva,

11, 2S5 (1931).
(5S9) Travers, A., Métaux & Corrosion, 13, 194 (1938); 14, 1 (1939).
(590) Treadwell, W. D., and Wettstein, E .,  Helv. Chun. Acta, 18, 200,

9S1 (1935).
(591) Trebiatowski, W., Z. anal. Chem., 82, 45 (1930).
(592) Tremblay, J. L., Arch. phys. biol., 10, 67 (1932).
(593) Troberg, B., Z. anal. Chem., 91, 161 (1932).
(594) Tronstad, L., Kgl. Norske Videnskab. Selskabs, Forh., 4, 20

(1931).
(595) Uzel, R., and Pribil, R., Collection Czechoslov. Chem. Commun.,

10, 330 (1938).
(596) Valmari, J., Maataloustieteellinen Aikakauskirja, 7, 49 (1935).
(597) Vance, J. E., I n d .  E no. C h e m ., A n a l .  E d., 13, 68 (1941).
(598) Veliäek, J., Chem. Listy, 24, 443, 467 (1930).

(5 9 9 )  Ibid., 2 7 , 3  (1 9 3 3 ) .
(6 0 0 ) Vellinger, E., Chimie & Industrie, Special No., pp. 2 1 S -3 0 ,

(June 1 9 3 0 ) .
(6 0 1 ) Vengerova, V. Y., Brutzkus, E. B., and Palmer, E. V., Zavod-

skaya Lab., 3 , 11 0 5  (1 9 3 4 ) .
(6 0 2 ) Visyagin, N. I., Byull. Inst. Ilalurgii, 1 9 3 9 , No. 12, 3 .
(6 0 3 ) Vladimirov, G. E., and Epstein, J. A., Mikrochemie, 18 , 58

(1 9 3 5 ) .
(6 0 4 ) Weihrich, R., Arch. Eisenhiiltenw., 14, 5 5  (1 9 4 0 ) .
(6 0 5 ) Weiner, R., and Schmidt, S., Z. Elektrochem., 4 6 , 2 4 9  (1 9 4 0 ) .
(6 0 6 )  Weiss, L., and Sieger, H., Z. anal. Chem., 1 1 3 , 3 0 5  (1 9 3 8 ) .
(6 0 7 )  Werz, W„ Ibid., 8 6 , 3 3 5  (1 9 3 1 ) .
(6 0 8 )  Ibid., 1 00 , 2 4 1  (1 9 3 5 ) .
(6 0 9 )  West, L. E .,  and Robinson, R. J., I n d .  E n o .  Chem., A n a l .  E d .,

12 , 4 7 6  (1 9 4 0 ) .
(6 1 0 )  West, L. E., and Robinson, R. J., J . Marine Res. Sears Found.

Marine Res., 4 , 1, 3 8  ( 1 9 4 1 ) .
(6 1 1 )  Whitehead, T. H., Cady, J. P., and Hawthorne, C. R., J. Am.

Chem. Soc., 5 9 , 13 4 9  ( 1 9 3 7 ) .
(6 1 2 )  Wick, R. M., J . Research Natl. Bur. Standards, 7 , 9 1 3  (1 9 3 1 ) .
(6 1 3 )  Wilcox, L. V., I n d .  E n o .  Chem., A n a l .  E d . ,  4 , 3 8  (1 9 3 2 ) .
(6 1 4 )  Ibid., 1 2 , 3 4 1  (1 9 4 0 ) .
(6 1 5 )  Willard, H. H„ and Hager, O. B„ Ibid., 8 , 1 44  (1 9 3 6 ) .
(6 1 6 )  Willard, H. H., and Smith, G. M„ Ibid., 11 , 1 8 6 , 2 6 9 , 3 0 5

(1 9 3 9 ) .
(6 1 7 )  Willard, H. H., and Young, P., J . Am. Chem. Soc., 55, 3 2 6 0

(1 9 3 3 ) .
(6 1 8 )  Wilson, P. W., Orcutt, F. S., and Peterson, W. H., I n d .  E n o .

Chem., A n a l .  E d . ,  4 , 3 5 7  (1 9 3 2 ) .
(6 1 9 )  Winter, P. K., and Moyer, H. V., J. Am. Chem. Soc., 57, 1402

(1 9 3 5 ) .
(6 2 0 )  Wirtz, H„ Z. anal. Chem., 1 16 , 2 4 0  (1 9 3 9 ) .
(6 2 1 )  Wolf, L„ Ibid., 1 0 7 , 3 3 8  (1 9 3 6 ) .
(6 2 2 )  Wolf, L., Jung, W., and Uspenskaya, L. P., Z. anorg. allgem.

Chem., 2 0 6 , 125  (1 9 3 2 ) .
(6 2 3 )  Woo, S. C., and Yost, D. M., J. Am. Chem. Soc., 5 3 , 8 8 4  (1 9 3 1 ) .
(6 2 4 )  Wooten, L. A ., and Ruehle, A . E . ,  I n d .  E n g .  Chem., A n a l .

E d ., 6 , 4 4 9  (1 9 3 4 ) .
(6 2 5 )  Wulff, P., and Kordatzki, W., Chem. Fabrik, 3 , 3 2 9 , 3 4 2  (1 9 3 0 ) .
(6 2 6 )  Wulff, P., Kordatzki, W., and Ehrenberg, W., Z. Elektrochem.,

41 , 5 4 2  (1 9 3 5 ) .
(6 2 7 )  Zaides, A. L., Tsentral. Nauch.-Issledovatel. Inst. Kozhcvcnnol

Prom., Sbornik Rabot, No. 2 , 107  (1 9 3 4 ) .
(6 2 8 )  Zan’ko, A. M., and Shylakman, M. Y., Zavodskaya Lab., 3,

7 7 7  (1 9 3 4 ) .
(6 2 9 )  Zan’ko, A. M., and Stefanovskii, V. F., Domez, 1 9 3 3 , 27 .
(6 3 0 )  Zurcher, M., and Hoepo, G., Helv. Chim. Acta, 2 1 , 1272

(1 9 3 8 ) .

A  p a p e k  based upon th is  review  was presen ted  a t  th e  101st M eetin g  of th e  
A m e r i c a n  C h e m i c a l  S o c i e t y  a t  S t. L ouis, M o.

Measuring the Specific Surface of 
Particulate Substances
A W ater Vapor Adsorption Method

D A N IE L  SM IT H  A N D  H E N R Y  G R E E N  
R esea rch  L a b o ra to r ies , In te r c h e m ic a l C o rp o ra tio n , N ew  Y ork , N . Y .

SIN C E  the publication in 1921 of a photoinicrographic 
method (3) of determining particle size, there has been 

considerable demand for a  more rapid means for making such 
measurements. Though the authors agree th a t other proce­
dures for making particle size determ inations are desirable, 
they do not believe th a t simply a reduction in the tim e of 
measurem ent is the m ost im portant point involved. The real 
necessity for developing a new m ethod of particle size meas­
urem ent is th a t m any particulate substances are not amenable 
to microscopical analysis. Gardner (2) lists approxim ately 
2000 pigments, probably not more than  40 per cent of which 
could be measured w ith the microscope.

P h o to in ic r o g r a p h ic  L im ita t io n s

I f  a m aterial such as a pigm ent is to  be m easured micro­
scopically it m ust have, first, a  suitable particle size. The 
individual particles m ust not be so small th a t they  cannot be 
resolved and photographed clearly. Second, the pigment 
m ust possess a relatively high degree of uniform ity; otherwise 
a  representative sample, a t  the necessary magnification, can­
no t be obtained in a  single photograph. Third, for white 
light and ultraviolet microscopy the m aterial should prefer­
ably have a  refractive index th a t perm its the particles to be 
seen distinctly in suitable mounting media.
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A  w ater  vapor a d sorp tion  m e th o d  h a s  
b een  developed  for d e te r m in in g  th e  sp écifié  
su rfa ce  o f  p a r tic u la te  su b sta n c e s . N o  
h ig h -v a c u u m  e q u ip m e n t is  req u ired , as 
th e  m e a su r e m e n ts  are m a d e  a t  a tm o s ­
p h er ic  p ressu re . T h is  m e th o d  m a k es  p o s­
s ib le  d e te r m in a tio n  o f  th e  su rfa ce  sh a p e  
factor  an d  in v e s t ig a tio n  o f  th e  p a r tic le  
s ize  o f  m a ter ia ls  to o  fin e -g ra in ed  to  b e  
m ea su red  w ith  th e  m icro sco p e .

A ta b le  o f  th e  sp ecific  su rfaces o f  a large  
n u m b e r  o f  p a r tic u la te  su b sta n c e s  w h ich  
w ere m ea su red  is in c lu d ed  an d  ch eck s w ith  
th e  m icro sco p e  are g iven  w herever p o ssib le . 
M eth o d s o f  co m p a r in g  m icro sco p ica l m e a s­
u r e m e n ts  w ith  a d sorp tion  m e a su r e m e n ts  
arc d iscu ssed .

Though m any pigments comply w ith the second and third 
requirements, they are sometimes so small in size th a t the 
individual particle cannot be seen w ith the usual microscopi­
cal equipment. Such pigments include the gas blacks, lithol 
reds, peacock blues; etc. The individual particles of these 
pigments can be detected w ith a microscope using a dark-field 
condenser or w ith an ultramicroscope, b u t these methods are 
not suitable for linear m easurem ent of fine-grained materials, 
though they are successfully used for counting the num ber of 
particles in a  given volume.

Electron microscopy is very well suited for the measurem ent 
of particles in the range between 0.01 and 0.1 ju, b u t this tech­
nique is too specialized and the equipm ent too costly for the 
average laboratory interested in particle size and specific sur­
face measurement.

N otw ithstanding the limited field of the photomicrographic 
method, i t  probably gives as complete an analysis of the sub­
ject as any m ethod generally used a t  present. I ts  great ad­
vantage lies in the fact th a t it produces a frequency distribu­
tion curve from which the uniform ity coefficient and all the 
various average diameters can be calculated. The m ethod 
also involves certain quantities known as “shape 
factors” , which are simply the proportionality 
constants to be used in conjunction w ith the 
horizontally measured diameters (S), so th a t 
these diameters can be employed for determ in­
ing specific surface and the num ber of particles 
per gram of material.

I t  has been sta ted  elsewhere (4) th a t the 
im portant unsolved problem in the subject of 
particle size determ ination has been to  measure 
the surface shape factor, and th a t the solution 
would probably be found in an adsorption 
method. This sta tem ent was made from the 
microscopist’s point of view. I t  could ju st as 
readily have been sta ted  th a t the im portant 
problem is to measure specific surface—i. e., the 
number of square meters of particle surface per 
gram of material, or the square m eters of sur­
face per solid cubic centim eter of material.

A d so rp tio n  M eth o d
The authors report here some work done 

on the development of a  com paratively simple

procedure for obtaining specific surface by an adsorption 
method. The measurem ent of specific surfaces of finely 
divided m aterials lias been studied in great detail by E m m ett 
and his co-workers in their classic work on the low-tempera- 
ture adsorption of nitrogen and other gases. Adsorption from 
solution has also been employed for the surface measurements 
of finely divided materials (5). The work described here 
concerns the adsorption of w ater vapor a t  room tem perature 
in  a  system which has a full atmosphere of pressure.

Some work was being done on the determ ination of the 
m oisture content of various particulate substances. The 
m ethod being studied was essentially one in which the m a­
terial was mixed w ith calcium carbide which reacted with 
any  w ater present. The am ount of acetylene produced 
by  this reaction was supposed to  be proportional to  the 
am ount of w ater in the particulate substance. While a t­
tem pting to  check the accuracy of this m ethod w ith a sample 
of iron blue which had a definite known moisture content, it 
was found th a t no pressure was produced. This condition 
was noted by Jam es Massarene, one of the authors’ co-workers. 
F urther investigation showed th a t the gas which was generated 
produced no pressure because it was adsorbed by the sample. 
As a consequence, acetylene was first used in the adsorption 
apparatus b u t later i t  was found more convenient simply to 
use w ater vapor. The idea embodies measuring the num ber 
of molecules of w ater adsorbed on a known quan tity  of 
m aterial and then multiplying this number by the cross- 
sectional area of the w ater molecule. W herever possible, 
checks were made with the photomicrographic m ethod of 
measurement.

The apparatus and m ethod used in the determ ination of 
specific surface given in this paper depend on the fact th a t 
adsorption takes place on solid surfaces (6).

A p p aratu s

Essentially the apparatus consists of two adsorption flasks, a 
sensitive differential manometer, and a system for introducing 
the gas or vapor to be adsorbed.

The adsorption flasks, A  and B  in Figure 1, are connected 
through the differential manometer, C, with stopcocks, a, between 
each flask and the manometer.

Into the stoppers, which have ground-glass joints, are sealed 
stopcocks, 6, and the three-way cocks, c. The stems of cocks b 
go well down into the flasks while those of cocks c are near the 
top, so th a t good circulation is obtained when any gas or vapor 
is passed through the system.
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All connections for the introduction of gas or vapor, for drying, 
and for evacuation are made at 6 and c.

The differential manometer is of the ordinary inclined type. 
Its function is to indicate the change in pressure which takes place 
upon adsorption in either of the flasks, the pressure in the other 
being maintained constant. Dibutyl phthlate is employed as the 
manometer liquid because of its low vapor pressure, low specific 
gravity, and good wetting of the manometer tube. The insolu­
bility of the gases or vapors in the manometer liquid is of im­
portance, and in this respect, too, dibutyl phthalate is a good 
choice.

The use of each of the flasks for making adsorption measure­
ments on different samples of the same material is only incidental 
to their original purpose. In an earlier apparatus employing only 
one flask connected to an open-end manometer, variations in 
atmospheric pressure caused drifting of the manometer. Origi­
nally the second flask was attached to the other end of the manom­
eter to act as a constant reference pressure chamber to eliminate 
the drift in the manometer. Later this reference pressure cham­
ber was used for adsorption also, giving the symmetrical system 
as shown in Figure 1.

The gas or vapor can be introduced either by circulation 
through flasks A  and B, or where pressures less than saturation 
are required, by partial evacuation of the system and introduction 
of the gas or vapor to restore any desired pressure. All the pres­
ent work was done a t atmospheric pressure.

This whole system is maintained at a constant temperature in 
a water bath. Thermoregulator and heating coils are employed, 
and the bath is stirred continuously.

S a m p le  P rep aration

Small thin-walled glass bulbs are made for receiving the sam­
ple to be measured, and for sealing the sample from all gases until 
adsorption is to take place. These bulbs are made small enough 
to enter the mouths of flasks A  and B  easily.

The material, the specific surface of which is to be measured, is 
given a preliminary diying before weighing the sample in order to 
eliminate the bulk of the moisture. Samples of the material 
are then placed in the small glass bulbs and weighed carefully, so 
that the weight of the sample is known. When the samples have 
been weighed, the open ends of the bulb are drawn down to fine 
thin-walled capillaries which are left open. The samples arc then 
ready for the final drying procedure.

Two procedures have been used for the actual drying, equally 
good results having been obtained by each method. One pro­
cedure is to heat the sample bulbs a t 185° C. for 18 hours, remove 
from the oven, and place immediately in a desiccator at room 
temperature, through which air is circulated after having been 
dried over calcium chloride and phosphorus pentoxide. When 
the samples have reached room temperature, they are removed 
from the desiccator and sealed immediately.

In  the second procedure, the bulbs are placed in a Pyrex desic­
cator and heated a t 185° C. for 18 hours with the pressure reduced 
to 300 mm. of mercury throughout the heating. Air, dried over 
calcium chloride and phosphorus pentoxide is passed into the 
desiccator when the heating has been completed and the drying 
tubes are maintained connected to the desiccator until the sam­
ples have reached room temperature and are a t atmospheric pres­
sure. The bulbs are then removed and sealed immediately.

The samples as prepared have a pressure within the bulbs 
equal to atmospheric pressure. This is necessary because the 
actual specific surface determinations are made with a full a t­
mosphere of pressure in adsorption flasks A  and B. Because of 
this, the samples must be coolcd to room temperature before 
finally sealing, so that there will be no pressure difference between 
the bulbs and the flasks and therefore the breaking of an empty 
bulb similarly prepared will produce no pressure change in the 
system.

During most of this investigation water vapor was used for the 
actual adsorption. In some cases it is impossible to use water 
vapor, where reactions may take place (as for cement, gypsum, 
etc.) and where the material is hygroscopic. Where water vapor 
cannot be used, other vapors such as chloroform have been em­
ployed.

The final step in the preparation of the sample is the sealing of 
the bulb after removal from the dry atmosphere of the desiccator. 
During the short period of time between the removal of the bulb 
from the dry atmosphere and the sealing of the capillary tip, water 
molecules may enter the capillary. However, the bulb is sealed 
in an interval which is brief in comparison to the time required 
for molecules to diffuse from the tip of the capillary to the sample, 
so tha t if water vapor does enter the capillary, any adsorption by 
the sample will take place after the capillary is sealed.

The introduction of these few w ater molecules into the 
sample bulb is equivalent to a  corresponding increase in the 
final number of w ater molecules available for adsorption in 
the adsorption flasks. The pressure in the sample bulb, as 
placed in the adsorption flask, m ay be somewhat lower than 
atmospheric pressure, owing to the adsorption of these few 
w ater molecules. W hen the sample bulb is broken in the 
adsorption flask there will be a small pressure decrease in 
addition to  th a t produced by the adsorption taking place in 
the flask. This initial pressure decrease is equal to th a t 
which would have resulted from the adsorption of these first 
few w ater molecules if they had been adsorbed by the exposed 
sample in the adsorption flask instead of in the sealed sample 
bulb. From  this point, the remainder of the adsorption pro­
ceeds as usual.

The to tal adsorption by  the sample, as indicated by the 
manometer, is equal to th a t which would take place in an a t­
mosphere having an added num ber of w ater molecules equal 
to the num ber sealed into the sample bulb, except th a t the 
adsorption would have taken place in two installm ents to give 
the same final to ta l adsorption.

W ater V apor A d sorp tion

Samples of the particulate substance, prepared as outlined 
above, are placed in flasks A  and B. Air is circulated through the 
two flasks to eliminate gases or vapors which may be present from 
any previous measurement. The water vapor is now introduced 
into A  and B  by reducing the pressure to 350 mm. and then re­
storing the system to atmospheric pressure by the addition of 
water-saturated air. The system is allowed to come to tempera­
ture equilibrium, then the sample in one of the flasks is exposed 
to the water vapor by shaking the flask to break the bulb. The 
pressure change is noted when equilibrium has again been at­
tained; then the sample in the other flask is similarly exposed 
and this second pressure change is noted.

W hen the sample is first exposed to  the w ater vapor, the 
pressure decreases very rapidly, owing to  adsorption. If the 
pressure continues to  decrease slowly for a  considerable period 
after this initial rapid change, i t  is assumed to  be due to  causes 
other than monomolecular adsorption (condensation in capil­
laries, etc.) and has been treated  as such in evaluating the 
specific surfaces of the samples.

Up to the instan t the sample bulb is broken, the sample is 
sealed off from the surrounding atm osphere of w ater vapor. 
When the bulb is broken, the sample is exposed immediately 
to the molecules to be adsorbed; no tim e is required for 
diffusion from one p art of the system to another. The 
agitation the sample receives facilitates the adsorption by 
preventing the formation of a mound of m aterial a t  the bottom 
of the flask.

From the manom eter readings obtained in the adsorption 
experiment, the specific surface of the sample m ay be com­
puted if we also know' the volume of the adsorption system, 
the sensitivity of the differential manometer, the mass of the 
sample, the cross-sectional area of the molecules adsorbed, 
and the tem perature a t  which the measurements are made.

The characteristics of the apparatus which determine the 
relationship between specific surface and manom eter readings 
are as follows:

V olum e of adsorption  flask, liters 
Specific g rav ity  of d ib u ty lp h th a la te  
S lop e of inclined  m anom eter  
T em p eratu re of apparatus, 0 C.

1.20
1. 05

1 /1 0 .9

The num ber of molecules in this system a t  25° C. and at­
mospheric pressure is

*  =  =  298 X 10»
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Each millimeter displacement on the inclined dibutyl- 
phthalate manometer is equivalent to

13~iT'(10 9) mm = mm’

which corresponds to a change in the num ber of molecules of 
gas or vapor in the system by

0,^ q 14 (298 X 10M) = 0.279 X 1018

Taking 10A2, (10- 19i»s), to be a representative figure for 
the cross-sectional area of the adsorbed w ater molecule, it 
follows th a t each millimeter decrease in pressure as indicated 
on the inclined m anom eter corresponds to  the coverage of
0.0279 square m eter by w ater molecules adsorbed in a  mono- 
molecular layer. Thus, the relationship for specific surface 
as a function of manom eter displacement and mass of sample 
becomes

At)Specific surface =  0.0279 ~  square meter per gram (1)

for this apparatus.
In  a large num ber of measurem ents made for various masses 

of the same particulate substance, it was found th a t the ad ­
sorption followed the Freundlich adsorption isotherm  very 
closely. The decrease in pressure due to  the adsorption by 
the sample is very nearly proportional to  the mass of the 
sample when the pressure change is small. In  Figure 2 are 
some representative curves showing how A p /m  becomes 
nearly constant a t  small values of m. All the authors’ de­
term inations were made w ith small samples, so th a t the de­
viation from the constant relation between specific surface 
and A p /m  was very small.

Average P a r tic le  D ia m eters

In  making comparisons of adsorption measurem ents and 
microscopical measurem ents it is well to  consider briefly the 
various average diameters for nonuniform particulate sub­
stances (4).

ADSORPTION OF WATER VAPOR 
by • CHROME YELLOW 

O KADOX

«

— ° — <

O I 2  3 4 5 6
MASS OF SAMPLE

F i g u r e  2

The average diameter related to specific surface, S, is d3. This 
diameter is equal to 2nd3/2 n d 2, where n is the frequency of particle 
diameter d. The surface shape factor is a' and the volume shape 
factor is v'. The density of the particle is p. The diameter re­
lated to average volume is

D = (SndVSn)1/ ’ (2)

A series of six samples of fine-grained zinc oxide was measured 
in pairs, taking the average measurement of the pair in each case. 
The relationship

d, =  <r'/v'pS  (3)

"'as employed to determine d3 from the specific surface, assuming

a ' / v ' — G, which is the same as assuming the particles to 
or cubes. This gave the following:

be spheres

ZnO d t by d i  b y
Sam ple Specific Surface A dsorption M icroscopy
Gram s Sq. in ./gram M icron M icron
0 .5 0 5 .7 0 .1 9 0 .1 7
1.00- 5 .7 0 .1 9 0 .1 7
1 .5 0 5 .4 0 .2 0 0 .1 7

A verage 5 . G 0 .1 9 0 .1 7

A list of some of the other materials measured appears in 
Table I. These m aterials are merely representatives of the 
large classes of which they are samples, and the results are not 
necessarily significant for the whole class. The d3 by  adsorp­
tion was determined from specific surface measurements, the 
microscopic d3 was determined by the photomicrographic 
m ethod (4), and the D was determined by the slit u ltra­
microscope.

A ccuracy  o f  M eth o d

In  the major p art of this study, specific surface determ ina­
tions were checked by m aking measurem ents on samples of 
the same m aterial from each side of the adsorption system. 
For each determ ination the samples had been prepared to ­
gether and therefore received the same treatm ent. The results 
of one side of the system checked the other w ithin 2 or 3 per 
cent, and in a great m any cases w ithin 1 per cent, indicating 
adequate reproducibility for the method.

In  the series of measurem ents made on the fine-grained 
zinc oxide, all the samples had been prepared together, re­
ceiving the same treatm ent, b u t specific surface measurements 
were m ade a t  different times. These checked w ithin 1 per 
cent for two of the groups of samples, and w ithin 5 per cent 
for a th ird  group. The mass of the samples in these groups 
varied.

This m ethod of specific surface measurem ent is an indirect 
one, and in order to discuss its accuracy, i t  is necessary to  
consider the assumptions made. The pressure decreases in 
the system are measured directly, and from this, specific sur­
face is computed on the following assum ptions:

1. The surface of the material is completely covered by a mono­
layer of adsorbed molecules. In the extensive work done by Em­
m ett (1) and his co-workers it is shown that the lower pressure 
end of the linear portion of experimental adsorption isotherms 
corresponds to monomolecular adsorption.

2 . No condensation lakes place on the surface of the material, 
in  any interstices between the particles, or in any pores the material 
may have. Conditions of the adsorption have been arranged so 
tha t the possibility of condensation has been minimized. The 
adsorption is carried out in an atmosphere having a vapor pres­
sure of water lower than 50 per cent of the saturation pressure. 
The sample is intentionally small, so tha t no mound of exposed 
material will be formed when the bulb is broken, and therefore 
condensation between particles will be a t a minimum. The pres­
sure change in the system is noted as soon as temperature equilib­
rium is attained, so th a t any pressure change due to condensa­
tion, which takes place much more slowly than adsorption, is 
practically excluded in the determination of specific surface. 
The rate a t which adsorption proceeds is so much greater than 
the rate of condensation th a t the latter will not have progressed 
to a great extent when the adsorption is completed.

3. The cross-seclional area of the absorbed molecule is known. 
The error in this value for the water molecule is probably in the 
order of 10 per cent or less. Figures in the literature vary between 
9.42 and 11 A 1. Computations from water a t maximum density 
and assuming a cubical molecule give 9.GA2 for this area. W. D. 
Harkins, in a private communication, suggested 10A 2 as a good 
figure based on what appears in the literature, and the authors 
have used this value in their computations.

W herever possible, the results obtained on the basis of these 
assumptions were checked by  the photomicrographic method. 
The microscopical measurem ents of the d3 diam eters were 
m ade independently by  E. F . Fullam , one of the authors’ co­
workers, and consequently were no t influenced by the results 
obtained by  their absorption method. The d3 diam eter is the
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T a b l e  I. S p e c i f i c  S u r f a c e s  a n d  A v e r a g e  D i a m e t e r s  o f  
S o m e  C o m m o n  P i g m e n t s

d i by ds by D  by
Specific A dsorp­ M icros­ M icros­

Sam ple Surface
S q .m ./

tion copy cop y

gram M icron s M icron M icron

ZnO (G reen Seal)
H eated  0 .5  hour a t  800°

2 .4 0 .4 5 0 .4 4
F . 2 .3 0 .4 7 0 .4 7

H eated  0 .5  hour a t 1100° F . 2 .3 0 .4 7 0 .5 0
H eated  0 .5  hour a t  1400° F. 1 .8 0 .5 9 0 .5 9
H eated  0 .5  hour a t  1700° F. 1 .7 0 .6 3 0 .6 6

o !0 2 5G as b lack 1 330 . 0 .0 1 0
G as b lack 2 110. 0 .0 3 3 0 .0 2 5
Gas black 3 150. 0 .0 2 3 0 .0 4 0
G as black 4 95 . 0 .0 3 6 0 .0 5 0
G as b lack 5 110. 0 .0 3 1 0 .0 5 0
G as b lack 6 34 . 0 .1 0 0 .0 6 0
G as b lack 7 59. 0 .0 5 8 0 .0 6 0
P igm en t b lack 8 12. 0 .2 9 0 .2 6 0 .2 0 0
W hiting 2 .6 0 .8 5
A sbestine 4 .1 0 .5 1
L ithopone 2 .3 0 .6 1 0 .4 3
B lan c fixe 2 .2 0 .6 2
B arytes 0 .5 9 2 .3

0 .4 3T itan iu m  d ioxide 8 .2 0 .1 9
A n tim on y  oxide 0.C1 1 .7 0 .6 1
B asic carbonate w hite lead 1 .1 0 .8 0 0 .6 6
E osin e toner 41. 0 .0 7 3
V iridine green lake 69. 0 .0 3 5
H an sa  yellow  toner 2 .6 1 .5 0 .2 1
Ilh od am in e toner 12. 0 .1 8
Iron blue 26. 0 .1 3
Orange m ineral 0 .7 6 1 .3 0 .4 3
C hrom e yellow  m edium  
M adder lake

3 .9 0 .2 6 0 .3 2
53. 0 .0 7 1

R ed  lake C barium 15. 0 .2 3
L ith o l red 36 . 0 .0 8 3
U ltram arine b lue 13. 0 .2 0 0.59*
Peacock  blue 83 . 0 .0 3 6
L ith o l rubine 26. 0 .1 2

average of a great many measured “horizontal diam eters” (S) 
and is obtained by the equation given above. The close agree­
m ent between the microscopic measurements and the adsorp­
tion measurements made on particles which the authors be­
lieve to be nonporous indicates th a t these assumptions are 
well made in most cases. On the basis of complete correct­
ness of these assumptions, the specific surface values would 
deviate about 3 per cent from the actual surface available for 
the adsorption of w ater molecules owing to  apparatus cali­
bration errors. This error is in addition to any introduced by 
incomplete correctness of the assumptions made.

C om p arison  D a ta

The values of the D  diameters were given by the Binney 
and Smith Co., which also supplied the eight samples of 
blacks. These D  diameters were obtained by counting the 
number of particles in a  given volume of suspension in which 
the total volume of solids was known. From  such d a ta  the 
volume of the particle of average volume was calculated. I t  
is invariably assumed in  this type of measurement, w ith the 
slit ultramicroscope, th a t the particles are spheres; then 
7rD3/6  becomes the average particle volume and v' equals r / 6.

I t  is obvious from w hat has preceded th a t no definite rela­
tion can exist between the d3 and D  diameters reported here. 
If  D  had been calculated from the equation D = (2ndV2rc)1/3, 
W'here d is the horizontal diameter, i t  would follow' th a t the 
authors’ d3 would always be greater than  D (4); b u t under 
the present circumstances the D  diameters were obtained by 
a different method, so th a t no conclusion can be made as to 
the relative values of d3 and D.

In  checking the results of the adsorption m ethod w ith the 
microscope one has the choice of comparing either the specific 
surfaces or the average particle sizes. In  either case an as­
sum ption has to  be made th a t the particles are spheres or 
some other definite form. The adsorption m ethod measures 
specific surfaces; the microscopic method measures d3 and D. 
Assuming the particles to  be spheres, d3 can be converted to 
specific surface by the expression

S  =  6 /pd , (4)

D, however, bears no relation to specific surface and there­
fore cannot be employed except as an approxim ate value for 
d3. Again, if particle sizes are to be compared, the specific 
surface obtained from the adsorption m ethod is then used for 
calculating d3 from Equation 3, particles still assumed to be 
spheres.

Since “particle size” is referred to more generally than 
“specific surface” , the la tte r m ethod was used in securing the 
data for Table I.

D isc u ss io n  o f  R esu lts

An examination of the tabulated measurements shows th a t 
the zinc oxides gave the best results, checking rem arkably 
well with the microscope. The blacks also checked satis­
factorily, considering the fact th a t the d3 and D  diameters are 
not strictly  comparable. The first noticeable discrepancy 
appears to be w ith titanium  dioxide. There can be no ques­
tion here th a t a  possible error in the microscopical measure­
m ent accounts for the difference between 0.19 and 0.43 mi­
cron. W ith a m aterial as uniform as the titanium  dioxide 
particle appears to be, a microscopical error of 0.24 micron is 
out of the question. The fact th a t the adsorption method 
gives a particle size th a t seems to be too small cannot be ac­
counted for by an insufficiently dried surface, for th a t would 
give results of an opposite nature. The large specific surface 
which is inconsistent with microscopical m easurem ent is ex­
plained on the basis of photographs taken w ith the electron 
microscope, which show the “ smooth particle” as measured 
by light microscopy to  be a firm aggregate of small tetragonal 
crystals irregularly arranged. This firm aggregate, which the 
light microscope shows as the ultim ate particle, cannot be 
broken down by any commercial grinding process. This 
structure has a considerably larger surface than is indicated 
by the light microscope.

In  the cases of antim ony oxide and orange mineral, the 
specific surfaces are undoubtedly too small; this is probably 
due to the lack of a  sufficiently dried surface before adsorption 
takes place. In  the case of ultram arine, the assumption tha t 
the particles are spherical could readily be far enough from 
the tru th  to account for the discrepancy found here. The 
hansa yellow particles grow rapidly a t  elevated temperatures, 
and have actually  grown during the drying process, so tha t 
comparison w ith the microscopical value is no t valid. In 
regard to  the remaining substances, none of the adsorption 
figures seems to be out of line w ith microscopical observation.

I t  is realized th a t this paper is only a prelim inary step to­
ward establishing a simple adsorption m ethod for the deter­
m ination of specific surface. The authors believe th a t the 
instrum ent itself leaves little to be desired in regard to sim­
plicity and dependability.
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The Cloud Point of Varnish Resins 
in Drying Oils

P . O. P O W E R S  
A rm stro n g  Cork C o m p a n y , L a n c a ste r , P c n n a .

T h e  te m p e r a lu r e  a t  w h ich  a  h e a te d  m ix ­
tu re o f  varn ish  resin  an d  a se lec ted  m in era l  
oil c lou d s o n  co o lin g  is  a u se fu l in d ex  o f  
th e  re la tiv e  so lu b ility  o f  th e  resin . T h e  
so lu b ility  ach ieved  b y  h e a t in g  m ix tu res  o f  
resin  and  d ry in g  o il m a y  b e  m ea su red  by  
m ix in g  th e  d rying  o il a n d  resin  w ith  a 
su ita b le  m in era l o il a n d  d e te r m in in g  th e  
tem p era tu re  a t  w h ic h  th e  m ix tu re  c lo u d s. 
T h e  ch a n g es observed o n  h e a t in g  e s te r -ty p e  
resin s are b elieved  to  b e  d u e  to  a n  ester  
in te r c h a n g e  o f  th e  resin  a n d  th e  dry in g  
o il, a n d  to  th e  poorer so lv e n t pow er o f  th e  
b od ied  o il. W ith  p u re p h e n o lic  and  so m e  
h yd rocarb on  re s in s , th e  effect o f  th e  d e­
creased  so lv e n t pow er o f  th e  b od ied  dry in g  
o il is  th e  c o n tro llin g  factor .

SEVERAL tests have been developed to  measure the sol­
vent power of volatile thinners—for instance, the aniline 

point and the kauri butanol value (3)—b u t no test has been 
suggested which will accurately compare the solubility of 
various varnish resins, or measure the degree of solubility 
which is attained  on heating the resins w ith drying oils.

The concentration a t  which a resin clouds in solution on 
dilution w ith a volatile solvent has been used as an index of 
its molecular size (1 ,8). This m ethod has been used to meas­
ure the com parative strength of nitrocellulose solvents (S), 
but as a measure of solubility of a  resin it  has not been stand­
ardized. Such m ethods have been investigated in this study 
but they are subject to  some qualifications, inasmuch as this 
cloud point m ay be hard to duplicate and when the precipi­
tation occurs a t  low resin concentrations, the values obtained 
do not always measure the solubility characteristics of the 
resin accurately. A small am ount of relatively insoluble 
material m ay indicate poorer solubility than  the resin as a 
whole possesses.

The determ ination of the cloud point is simple and consists 
in dissolving the resin a t  50 to 70 per cent concentration in a 
suitable m ineral oil by heating. On cooling, a cloud will de­
velop which can usually be duplicated, on reheating and cool­
ing, within one degree. In  some cases greater accuracy can 
be obtained.

The mineral oil used should be chosen for the type of resin 
to be examined. The aniline point of a mineral oil is a useful 
index of its solvent power, those w ith high aniline point having 
poor solvent power, reflected in high cloud points w ith a resin, 
while oils w ith low aniline point are much b etter solvents.

While a wide variety  of mineral oils have been and m ay 
be used, only two mineral oils have been used in this study. 
One is a viscous paraflinic mineral oil of high (137° C. maxi­
mum) aniline point. The other is a w hite mineral oil (Nujol) 
of 104° (maximum) aniline point. Various samples of Nujol 
may vary a degree or two in aniline point and the cloud 
points will vary  accordingly. In  general, two mineral oils

of the same aniline point will give the same cloud point w ith 
a given resin.

S o lu b ility  o f  R o s in -P h e n o lic  R esin  C o n d en sa tes
WW wood rosin was heated with stirring and various amounts 

of six commercial “heat reactive” phenolic resins, designated as 
A to F, were added a t 125° C. Heating and stirring were con­
tinued over a period of one hour when the temperature had 
reached 250° C. The resin was then poured. In this study a 
highly paraffinic mineral oil of 137° C. aniline point (maximum) 
was used as the reference oil.

D e te r m in a tio n  o f  C loud P o in t
Five to 7 grams of resin are weighed in a 150-cc. beaker to the 

nearest decigram and the mineral oil is added to bring the total 
weight to 10 grams. The mixture is then warmed on a hot plate 
with constant stirring until the resin is thoroughly dissolved. 
Local overheating should be avoided and the final temperature 
should not exceed 200° C. The mixture is then transferred to a 
15-mm. test tube, immersed in a stirred water bath which has 
been heated to 10° above the expected cloud point. A glycerol 
bath may be used for temperatures over 100°. The temperature 
is allowed to drop at not over 2° per minute. A definite cloud 
of the oil-resin mixture will develop, and the temperature of the 
bath a t this point is recorded as the cloud point. A slight haze 
may develop in the case of some resins, but this should not be 
confused with the true cloud point, which should be read when 
the mixture becomes opaque.

The determination may be repeated by raising the temperature 
of the bath 10°, holding until the sample is clear, and repeating 
the determination.

Figure 1 shows the cloud point of the rosin-phenolic resin 
condensates w ith various am ounts of phenolic resin. I t  will 
be noted th a t some 
phenolic resins give 
much higher cloud 
p o in t condensa tes 
than do others, and 
th a t the cloud point 
in c re a s e s  a s  th e  
content of phenolic 
r e s in  in c r e a s e s .
Some com m ercial 
resins gave conden­
sates which did not 
cloud a t  room tem ­
perature in the 137° 
aniline point mineral 
oil used.

Molecular weight, 
melting point, and 
viscosity of a 60 per 
c e n t  s o l u t i o n  in 
toluene of these con­
densates were also 
determined. I t  was 
found th a t the vis- 
dosity , m o lecu lar 
weight, and melting 
point of the conden­
sates which did not
c lo u d  a t  ro o m  te m -  P h en olic-R o sin  C ondensates
p e ra tu re  w e re  a p -  so per cen t resin, 50 per cen t m ineral oil
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F ig u r e  2 . V is c o s it y  a n d  C l o u d  
P o in t  o f  P h e n o l ic - R o s in  C o n d e n ­

s a t e s

preciably lower 
than the other 
condensates a t 
thesamephenolic 
content. In  the 
case of the con­
densates th a t did 
cloud, however, 
the cloud point 
a t  t h e  s a m e  
p h en o lic  resin 
content did not 
vary  with vis­
cosity, molecular 
weight, nor m elt­
ing point, but 
was a relatively 
i n d e p e n d e n t  
p r o p e r t y ,  d e ­
pending largely 
on the type of 
phenolic resin 
employed.

Figure 2 shows
the correlation of the viscosity of a  60 per cent solution of 
the condensates in toluene with cloud point. W ith a given 
resin the cloud point increases as the logarithm of the viscosity, 
b u t the relationship varies greatly, depending on the phenolic 
resin used. This difference in solubility is a t  least in part 
caused by the nature and size of the alkyl groups in the 
phenolic compound from which the resin was made.

C l o u d  P o in t  o f  R o s in - P h e n o l i c  R e s i n s . The cloud 
point of nine commercial rosin-modified phenolic resins, des­
ignated as G to P , was determined (Figure 3). Resins G to 
N  were difficultly dispersible in the 137° aniline point paraf- 
finic mineral oil, and in these cases a  white mineral oil of 104° 
aniline point (maximum) wyas used. The cloud point in these 
cases was taken a t  several concentrations to  determine the 
variation of cloud point w ith resin concentration. Usually 
determ ination a t one concentration (50 per cent) is sufficient 
to  indicate the solubility of a  resin.

These curves show the variation th a t m ay be found in solu­
bility of resins of this type. The higher m elting resins tend 
to  be less soluble b u t resins of the same melting point show 
wide variation in solubility. M any commercial resins of this 
type are lower in cloud point than the resin in F igure 3 
(above).

B ehavior o f  E sler -T y p e  R esin  in  
D ryin g  O ils

The behavior in drying oils of the various 
resins described above was found to agree 
w ith their cloud points, the high cloud resins 
being m ost difficult to disperse. The cloud 
point m ethod was tried w ith drying oil-resin 
mixtures, and it  was found th a t addition of 
the paraffinic mineral oil to  such mixtures 
developed a cloud a t  room tem perature which 
could be dissolved on heating and th a t cloud 
points could be determined. These vehicles 
were clear before addition of the mineral oil 
and were apparently  completely “dispersed” . 
The cloud points give a measure of the extent 
to which the resin has been dissolved in the 
oil. I t  was found th a t the cloud points 
decreased as the heating of the oil-resin 
m ixture continued when glyceride resins were 
used.

In  some cases a  minimum was reached and the cloud point 
increased on further heating. The cloud points w ith a given 
resin were lower as the ratio  of drying oil to resin was in­
creased. This was believed to be caused by an ester inter­
change between the resin glyceride and the drying oil. Since 
no simple m ethod wras available to measure the ester inter­
change, the acid interchange between rosin and an acid rosin

phenolic resin was meas­
ured. All the cloud points 
of oil-resin mixtures de­
term ined in this paper 
were made on mixtures 
w ithout volatile thinners. 
The cloud point m ay be 
determined on vehicles 
containing volatile thin­
ners, b u t precautions 
should be used to prevent 
their loss by volatilization 
under conditions of the 
test. The presence ofvola- 
tile thinners will change 
the cloud point, depend­
ing on the am ount and 
solvent power of these 
materials.

A cid  In terch a n g e  
b etw een  R o sin  

a n d  O il

Mixtures of WW wood 
rosin and alkali-refined lin­
seed oil were heated with 
stirring a t 275° and samples 
taken a t intervals. A com­
mercial rosin-phenolic resin 
condensate was also heated 
with linseed oil a t 275°; 
in one case the heated 
mixture was protected by 
an atmosphere of carbon 
dioxide.

The free rosin acid was 
determined by the method 
of McNicoll (5) by deter­
mining the decrease in 
acidity on refluxing the 
sample with methanol con­
taining p-toluenesulfonic 
acid.

F ig u r e  3 . C l o u d  P o in t s  
o f  R o s in - M o d if ie d  P h e ­

n o l ic  R e s i n s

Above, in  w h ite  m ineral oil 
B elow , in  paraffinic m ineral oil

[T aisle  I . A c id  I n t e r c h a n g e  o f  R o s in  a n d  A c id  P h e n o l ic  R o s in  
R e s i n  w it h  L in s e e d  O il

P arts
R osin

1
1
1
1

P arts
A cid

P h en olic
R esin

P arts
Linseed T im e, A cid

R eflux
A cid

Cloud
P o in t
50%
137
A n i­
line

P o in t
Oil Hours N o . N o. Oil

1 0 8 5 .5 8 0 .6 < 0
1 0 .5 8 1 .8 6 6 .4 < 0
1 1 .0 7 9 .2 5 8 .0 < 0
1 2 .0 7 8 .0 4 6 .3 < 0
1 0 6 8 .4 5 6 .9 > 2 3 0
1 0 .5 5 3 .5 3 8 .5 > 2 3 0
1 1 .0 5 1 .9 3 1 .0 > 1 S 0
1 2 .0 4 7 .6 2 4 .1 98
2 0 4 1 .6 3 3 .5 > 2 3 0
2 0 .5 4 2 .0 2 6 .4 84
2 1 .0 4 0 .0 1 8 .8 0
2 2 .0 3 8 .0 1 2 .9 0
1 0 6 4 .3 5 5 .2 > 2 3 0
1 0 .5 5 2 .7 3 8 .2 100
1 1 .0 4 8 .8 2 9 .1 52
1 2 .0 4 2 .0 1 9 .4 70

Rem arks

P rotected  b y  COj 
P rotected  b y  CO* 
P rotected  b y  CO: 
P rotected  b y  CO2
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The cloud point was determined as with the resins, except that 
10 parts of the oil-resin mixture and 5 parts of 137° aniline point 
mineral oil were used. Heating was required to bring the mix­
ture into solution.

-------------------------- s r ----------------  th a t the phenolic resin
t ' clouds a t  progres-
§  sively lower tempera-
^  tures as the heating
§  continues. W here the
3  cloud point exceeds

200°, the resin visibly 
170 separates from the
v linseed oil on cooling

w ithout the addition 
of mineral oil.

T he cloud points,
/30 when the batch was

protected by carbon 
—  dioxide, are lower, al­

though the am ount of 
interchange is much 

^  the same. This is
— s '  believed to be due to

A / '  the poorer solvent
y  power of the bodied

/  oil which is formed
r  t h o u rs  2  more rapidly when

JL______ I--------------------------- 1—  oxygen is present.
^  This effect is also

F ig u r e  5. C lo u d  P o in t  o f  M a-  ,    •
l e ic  R e s in s  i n  L in s e e d  O il  sh o w n  in c a s e s  w h e r e

the cloud point in­
creases on further 

heating. The cloud point and reflux acid numbers are lower 
as the am ount of drying oil is increased. The excess of drying 
oil promotes the interchange w ith the acid resin.

The results are shown in Table I. The acid num ber of the 
rosin-linseed oil mixtures drops slightly on heating b u t the 
acid num ber after refluxing drops considerably, indicating 
the combination of the rosin acids w ith the liberation of an 
equivalent am ount of fa tty  acids. This has been previously 
suggested (7), b u t apparently  the degree of interchange has 
not previously been measured.

In  the case of 
the rosin-phe- 

\  nolic resin mix-
K ture, the drop of
§ the acid number
§  on heating is
— n. — larger than  with
q n. rosin. This m ay
§  n. be due to  loss of
^  *s. “ a p p a r e n t ”
/7Q acidity of the

phenolic resin on
\  •—- h e a t i n g .  T h e

\  “ r e f l u x ”  a c i d
\  numbers show

\  th a t the rosin-
—0 \  phenolic resin

\  h a s  c o m b i n e d
\  w ith the drying

oil w ith the liber- 
ation of drying 

-2°  oil acids.
T h e  c l o u d  

points in Table I 
show th a t rosin 
is entirely soluble

—0 . ^ —- even a t  the s ta rt
, I — " , of the heating.

I t  will be noted

T a b l e  II. C l o u d  P o i n t  o f  R o s i n  P h e n o l i c  G l y c e r i d e  i n  
L i n s e e d  O i l  

C oncen tration  of R esin  Cloud P o int
%  by w t. 0 C.

7  H O U RS

/  H O U R S/  HOURSH O U R S

F ig u r e  4. C l o u d  P o in t s
A bote, 1 p art of resin, 2  p arts of o il 
Below, equal p arts of resin and oil

F ig u r e  6. C lo u d  P o in t s

Left, lin see d -tu n g  oil m ixtures  
Right, linaeed -soyb ean  oil m ixtures
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C loud P o in ts  in  S o y b ea n , L in ­
seed , an d  L in se e d -T u n g  Oil 

M ixtu res

/  H O U R S

F ig u r e  7 . E f f e c t  o f  C a t a l y s t

F ig u r e  S . C l o u d  
O il  B o d ie d

P o in t s  i n  L in s e e d  
a t  2 7 5 °  C .

The cloud point results indicate clearly a definite chemical 
combination between the phenolic resin and rosin. If  the 
phenolic resin were not combined chemically w ith the rosin, 
no change in solubility would be expected when interchange 
w ith the drying oil acids occurs. I t  will be shown th a t pure 
phenolic resins do no t become more soluble on heating with 
oil.

V arn ish  R esin s  and  D ry in g  O ils

W hen the less soluble rosin-modified phenolic resins are 
heated w ith drying oils, the changes in solubility m ay be 
measured by  the cloud point. Figure 4 shows the cloud 
points of a rosin-modified phenolic glyceride resin heated a t 
various tem peratures w ith nonbreak linseed oil. A t 200° C. 
little change occurs, except when 2 parts  of drying oil are used 
to 1 of resin. A t 250° the resin drops in cloud point more 
rapidly.

A t 275° the behavior a t  the higher linseed oil content is 
rather different than  a t the lower. I t  will be noted th a t the 
cloud point increases as heating is continued with two parte 
of linseed oil to one of resin (Figure 4, above). This increase 
is believed to be due to the decreasing solvent power of the 
bodied oil, the oil becoming a progressively poorer solvent as 
heating is continued. The behavior of this resin is compar­
able to the acid rosin phenolic condensate and it  is believed 
ester interchange is responsible in p a rt for the changes in 
solubility of the resin.

Table I I  shows the cloud point of the resin used in the above 
study in the same linseed oil when it has been heated with the 
oil only a  very short time. This show’s th a t a small amount, 
less than  2 per cent, of uncombined resin will cloud. How­
ever, i t  is not believed th a t this curve is an index of the un­
combined glyceride in resin-drying oil mixtures, since the 
interchanged resin-drying oil glyceride will be a better sol­
ven t for the resin, while the drying oil becomes a poorer sol­
ven t on heating.

Figure 5 shows the behavior of a maleic resin glyceride. 
This resin, as measured by cloud point, is less soluble than  the 
rosin-phenolic resin used above, b u t the high content of ester 
groups makes it  possible to disperse it  in  drying oils. This 
shows th a t cloud point of resins of different types cannot be 
used in comparing their solubility in drying oils.

As noted above, polymerized oils 
are poorer solvents than unbodied oils. 
Hence, i t  m ight be expected th a t 
oils which polymerize more readily 
will show higher cloud points w ith 
the same resin. This has been found 
to be the case, since soybean oil gives 
low'er cloud points w ith the same 
resin than does linseed oil under the 
same conditions (Figure 6, right). 
W ith tung oil, the bodying action is 
much faster and 30 and 50 per cent 
mixtures w ith linseed oil were com­
pared w ith linseed alone using a phe­
nolic rosin glyceride under the same 
conditions (Figure 6, left). I t  will 
be seen th a t 30 per cent tung oil lias 
a small b u t noticeable effect, while in 
equal parts of tung oil and linseed 
oil the cloud points are higher and 
continue to  rise as the heating con­
tinues. In  this case the polymeriza­

tion raises the cloud point faster than  ester interchange 
lowers it.

E ffect o f  C a ta ly sts
M any m aterials are known to accelerate ester interchange, 

and acid catalysts have frequently been used (2). Lead soaps 
are frequently used in varnish and resin preparation for this 
purpose. Figure 7 shows th a t the cloud point is lowered 
when litharge is added to the oil-resin m ixture. These var­
nishes were made from linseed oil and a rosin-modified phe­
nolic resin and heated under the same conditions w ith and 
w ithout the addition of litharge.

P u re P h en o lic  
a n d  H y d r o ­
carb on  R esin s  
in  D ry in g  O ils

Two commer­
cially pure (100 
per cent) phe­
nolic resins wrere 
h e a t e d  w i t h  
alkali-refined lin­
s e e d  oi l .  T h e  
cloud points of 
the oil-resin mix­
ture are shown 
in Figure 8. In  
t h i s  c a s e  t h e  
cloud point in­
creases on heat­
ing, owing to  the 
poo rer so lv e n t 
power of the dry­
ing oil as it  poly­
merizes. These 
curves give no 
indication of a 
chem ical reac­
t i o n  w i t h  t h e  
d r y i n g  oi l ,  as  
has been claimed

F ig u r e  9 . C l o u d  P o in t s  o f  M o di­
f i e d  P h e n o l ic  R e s i n s  i n  L in s e e d  

O i l
O - 2 parts of resin, 1 p art of o il 
X . 1 p art o f resin, 2  p arts of oil
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(4), since there is no tim e where the cloud point decreases, 
which would be expected if chemical combination w ith the 
oil occurred.

Two hydrocarbon resins, a  low molecular weight polysty­
rene and a coal-tar resin, were heated w ith linseed oil. The 
cloud points a t  various times are shown in Figure 8. The 
polystyrene-drying oil m ixture increases in cloud point in 
very much the same m anner as do the pure phenolic resins. 
T he coal-tar resin decreases in cloud point as heating is con­
tinued. This is no t believed to  be the result of chemical 
combination w ith the oil, b u t rather depolymerization of the 
larger polymers in the resin. I t  is known th a t resins of this 
type depolymerize a t  tem peratures employed in this experi­
m ent (275° C.).

C loud P o in t  o f  R e s in  an d  C lou d  P o in t  o f  
R e sin -D r y in g  O il M ixtu res

I t  has been found th a t the cloud point of a resin in mineral 
oil is a  good index of its behavior when heated with drying 
oils. W hen resins of the same type are compared, resins 
which give high cloud points in mineral oil will give high cloud 
points when bodied w ith drying oils. Figure 9 shows three 
resins of the same type, R, S, and T  (modified phenolic), 
which were heated w ith linseed oil. The cloud points in dry­
ing oil are in the same order as the cloud points of the resins 
in mineral oil.

W hen resins of different classes are compared, the cloud 
point is of less u tility  in predicting their cloud points in drying 
oils. However, if resins of different classes of the same cloud 
point are compared, the resin which has the greatest reactiv­
ity  w ith the drying oil will usually have the greatest solu­
bility and lowest cloud point in the drying oil.

A p p lica tio n  o f  C loud  P o in t  M eth o d
T he cloud point determ ination has been found exceedingly 

useful in classifying a  wide varie ty  of synthetic and natural 
resins. I ts  u tility  extends over a much wider range of resins 
than  has been cited here. Often it  is necessary to  choose a 
m ineral oil of better or poorer solvent power to  m atch the 
solubility of the resin.

Some properties of oleoresinous vehicles m ay be correlated 
w ith their cloud points, and the degree of “m eta-stability1' 
measured. This property is of considerable im portance in 
controlling the working properties of paints (6).

This report has been offered to  suggest the u tility  of the 
cloud point technique in  studying the solubility characteris­
tics of resins and of resin-oil combinations. I t  is hoped th a t 
the m ethod will find wider utility.
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Some Assays of Provitamin A Carotenoids
G . M A C K IN N E Y , S . A B O N O F F , A N D  B . T . B O B N S T E IN  

D iv is io n  o f  F r u it  P ro d u c ts , U n iv e r s ity  o f  C a lifo rn ia , B erk e ley , C a lif.

A n  en d ea v o r  is  m a d e  to  p r e se n t  t h e  p r o b le m  o f  
p r o v ita m in  A c a ro te n o id  d e te r m in a t io n  in  p la n t  
m a te r ia ls  in  b ro a d  p e rsp ec tiv e . R e su lts  o n  ca rro ts , 
sp in a c h , to m a to e s ,  a p r ico ts , p e a c h e s , a n d  p ru n es  
are  d isc u s se d , p a r t icu la r ly  w ith  r e fe re n c e  to  p res­
e rv a tio n  p r a c tic e s . T h e  p r o b le m  is  e s se n t ia lly  
t h a t  o f  /3 -caroten e  d e te r m in a t io n , b e c a u se  a -e a r o -  
t e n e  i s  a t  b e s t  a  m in o r  c o n tr ib u to r , a n d  c ry p to -  
x a n th in  is  im p o r ta n t  o n ly  in  sp ec ia l in s ta n c e s .  
E a ch  m a te r ia l p r e se n ts  a  d iffe re n t p ro b lem , so m e ­
t im e s  o f  e x tr a c t io n , b u t  m o r e  fr e q u e n t ly  in  e ffec tiv e  
rem o v a l o f  in te r fe r in g  p ig m e n ts  w ith o u t  v ita m in  
a c t iv ity .  T h e  a n sw er  th e n  is  fo u n d  in  s e le c t io n  o f  
su ita b le  a d so rb en ts  w ith  th e  p ro p er  so lv e n t , a n d  
se p a r a tio n  is  m a d e  o n  sm a ll T sw e tt  c o lu m n s  over  
w h ic h  (3-carotene or  c r y p to x a n th in  m a y  b e  p a ssed  
w it h o u t  a d so rp tio n , b u t  w h ere  o th e r  p ig m e n ts  are  
e ffec tiv e ly  a d so rb ed .

B e ca u se  d a ta  o n  v ita m in s  a re  so  fr e q u e n t ly  in te r ­
p reted  in  te r m s  o f  h u m a n  n e e d s , a n d  m u c h  effort  
is  b e in g  d e v o te d  to  v ita m in  su rv ey s a t  th e  b e h e s t  o f  
s ta te  n u tr it io n  c o m m it te e s ,  th e  s ig n if ic a n c e  o f  t h e  
v a r io u s f in d in g s  is  b r iefly  e v a lu a ted  in  te r m s  o f  b io ­
a ssa y  a n d  n u tr it io n .

A CO N SID ERA BLE num ber of carotenoid assays have 
been made in this laboratory on certain p lant products 

for a variety  of reasons. W ith carrots and spinach, dehydra­
tion problems were involved. In  the case of apricots and 
peaches, dehydration does not yield a  product acceptable to  
the trade, unless the fru it has been exposed to  the  sun, usually 
for twelve hours or so, after sulfuring. The nonirradiated 
product is dull and opaque, rather than  translucent, and with 
peaches in particular, a pale yellow. In  cling peaches for 
canning, an acceptable grading te st for m atu rity  was also de­
sired. A further problem w ith peaches involved the presence 
of lycopene {23), found in certain European varieties b u t not 
here (10). Tom ato products were included because of the 
presence of large am ounts of lycopene, relative to  carotene, 
and the authors were interested in attem pting a  rapid evalua­
tion of the carotene content of juices. Finally, analyses were 
made on prune samples, thereby including some of the more 
staple d ietary sources of provitam in A carotenoids of p lant 
origin.

These various reasons have been subordinated in assembling 
the d a ta  in an  a ttem p t to  place in broad perspective the prob­
lem of determ ining provitam in A carotenoids. Difficulties 
fall into two categories, first, those involving the natural com­
plexity of the pigm ent mixture, and second, possible changes 
which the m ixture m ay undergo, either by  formation of addi­
tional chromophores, as in  silage (5), or by  bleaching of ex-
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T a b l e  I .  E f f e c t  o f  D r y in g  T e m p e r a t u r e  o n  R e t e n t io n  o f  
C a r o t e n e  i n  D e h y d r a t e d  S p in a c h

D rying D ryin g R eten tion  o f C arotene
T em perature T im e B lanched N o t b lanched

° F . ° C. H ours % %
180 82 3 .0 0 8 9 .4 8 5 .9
180 82 3 .0 0 8 8 .7 8 5 .0
180 82 3 .2 5 8 1 .7
160 71 4 .0 0 7 3 Ü 7 7 .3
150 6 5 .5 4 .7 5 7 0 .2 7 1 .4
140 60 5 .7 5 6 2 .8 5 7 .2
120 49 8 .0 0 6 0 .6
120 49 8 .0 0 db'.5 6 5 .5

tracts, as in certain legumes (21, 26). Such sources of error 
m ay be found in m any other products, though normally in 
less aggravated form.

The m aterials considered here m ay be expected to  contrib­
ute, as norm ally consumed, one ten th  or more of the estimated 
daily adu lt requirem ent of about 5000 international units, 3 
mg. of /3-carotene. I t  has seemed worth while to  discuss 
these d a ta  briefly in relation to  known bioassays, for their nu­
tritional significance.

So far as is known, three carotenoids supply virtually all the 
vitam in A th a t terrestrial mammals derive, directly or indi­
rectly, from p lan t sources—namely, /3-carotene, a-carotene 
(a minor contributor), and cryptoxanthin (im portant only in  
special cases). L ittle is known of requirem ents for insects
(2) or other forms of anim al life. The mussel is an  example 
of other possibilities (18). The other carotenoids of known 
vitam in A potency for mammals either are of limited and local 
distribution or they  occur in am ounts inadequate for dietary 
significance, and in  general i t  m ay be said th a t the problem is 
essentially one of determining /3-carotene except where yellow 
corn meal is a  staple food, and in certain  fruits such as the 
peach.

G en era l C on sid era tio n s
As recognized by Fraps, Kemmerer, and Greenberg (4), no 

one m ethod is applicable to  all cases. A sound procedure 
demands th a t the nature of the pigm ent complex be under­
stood in each product examined. For the m ost part, as Peter­
son (17) points out, the general problems of extraction, isola­
tion, and determ ination have not changed greatly. The so- 
called invert soaps m ay be used more widely and be placed on 
a quantitative basis. Solutions of alkyl benzyl ammonium 
salts have been used by Kuhn, Bielig, and D ann (8) to  isolate 
carotenoids from chloroplastin and carotene from carrots.

When an  analysis is reported for nutritional use, th e  extent 
of absorption and utilization of carotene as distinct from  v ita­
m in A (24) m ust be considered, and in  such cases a high degree 
of refinement in m ethod is meaningless. This includes dif­
ferentiation of a -  and /3-carotenes in mixtures which rarely 
contain more than  5 to  15 per cent of the «-component. If 
such analysis be warranted, it should be accomplished spec- 
trophotometrically, setting up the necessary simultaneous 
equations for a  2-component m ixture on the basis of Beer’s 
law. M easurements should no t be made on the  individual 
a -  and 0 -carotenes separated by adsorption because the per­
centage recovery of the more weakly adsorbed component is 
usually substantially greater than  of the one more strongly 
held.

E xp erim en ta l
E xtraction procedures have been developed with a view to 

obtaining suitable extracts for spectroscopic examination 
w ithout use of unwieldy quantities of solvents, the health 
menace of which is often overlooked. Although various im­
provements have been suggested (1, 12, 16, 25), the authors 
have for the m ost p art retained the older procedures. As the 
principles are well known, brief notes will suffice in some cases.

S p in a c h . The most reproducible results for fresh spinach are 
obtained by brief immersion of the 5-gram sample in boiling water. 
Dehydrated spinach should be thoroughly soaked prior to grind­
ing with sand and acetone. A 0.5-gram sample may thus be ex­
tracted with four 25-ml. portions of acetone, transferred to ap­
proximately 30 ml. of petroleum ether, and saponified, and xan- 
thophylls removed in the usual way. The petroleum ether is 
then washed, dried with anhydrous sodium sulfate, made to 
volume (50 ml.), and filtered in a closed system to obtain a bril­
liantly clear solution. The concentration of /3-carotene is deter­
mined by measuring the transmission of the unknown a t 480 m/i 
with a Bausch & Lomb visual spectrophotometer, and a similar 
measurement is made for a standard /3-carotene sample in the 
same solvent.

The influence of soaking and sample size is clearly shown in 
the following results, expressed as per cent of /3-carotene on a 
moisture-free basis (3). (Results in this paper are reported 
on a moisture-free basis except for carrot juice and tom ato 
juice, which are more conveniently reported in mg. per 100 
ml.) Sample not soaked, 0.5 gram, 0.026; soaked, 2.5 grams, 
0.023; 1.5 grams, 0.026; 1.0 gram, 0.029; 0.5 gram, 0.036, 
0.036. These compare with values on the same lot, fresh, of 
0.038. The fresh samples, ten  in  number, taken from a  local 
m arket, varied from 0.027 to  0.045 per cent on the same basis. 
The tem perature of dehydration affected retention consider­
ably. The shorter drying times, a t  higher tem peratures, 
showed retention of 80 to 90 per cent of the to ta l carotene; 
the lower tem peratures required up to  8 hours, w ith retention 
of about 65 per cent. A preliminary steam  blanching for 1 
m inute was also slightly beneficial. Results are shown in 
Table I. Losses on storage after 2 m onths a t  0° were negli­
gible, a t  room tem perature from 5 to  12 per cent, and a t  30° 
from 40 to  50 per cent. Blanching did no t significantly af­
fect losses on storage, though this step was very significant 
with carrots. Several of th e  final extracts ready for spectro- 
photom etric analysis were checked by  adsorption on magne­
sium oxide and magnesium carbonate columns for additional 
chromophores, b u t none were found.

C a r r o t s .  Analyses were made on fresh and dehydrated 
carrots (the la tte r  containing 2 to  4 per cent m oisture) and on 
canned carro t juice.

Vol. 14, No. 5

F ig u r e  1. A b s o r p t io n  C o n s t a n t s  f o r  L y c o p e n e , /3-Ca r o - 
t e n e , a n d  T o m a t o  E x t r a c t  i n  B e n z e n e

A bsorption  coefficients, k, are g iven  for pure p igm en ts , p lo t for extract is 
in  term s of E — i. e .t kc.



May 15, 1942 A N A L Y T I C A L  E D I T I O N  393

Blanching for 3 minutes in boiling water prior to dehydration 
was beneficial to carotene retention. The dehydrated material, 
originally sliced uniformly in disks 3 mm. thick, is not easily ex­
tracted without soaking.

Five grams of fresh, or 0.5 gram of dried, carrots are immersed 
in 5 ml. of boiling water for 3 minutes, and the residue is extracted 
as with spinach. In  4 extractions with a total of 75 ml. of sol­
vent the residue is colorless. The extracts are partitioned suc­
cessively with 50 and 25 ml. of petroleum ether. The second ex­
traction is purely precautionary. The combined petroleum ether 
layers are washed with water, then 3 times with 85 per cent metha­
nol, in 50-ml. portions. This is followed by water, 3 times (in 
50-ml. portions), and the solution is dried with 2 grams of anhy­
drous sodium sulfate, and made to volume (100 ml.). Five milli­
liters of canned carrot juice are refluxed for a few minutes with 20 
ml. of saturated potassium hydroxide in methanol. The alkali 
apparently aids disintegration of the finely comminuted particles 
present. Three 25-ml. portions of acetone suffice for extraction.

I t  is seen (Table I I)  th a t no difficulty is presented in ob­
taining representative samples from 5 or 6 carrots, to tal 
weight about 500 grams.

T a b l e  II. C a h o t e n e  i n  C a r r o t s , M o is t u r e - F r e e  B a s is

%
Fresh  0 .1 0 5 ,0 .1 0 4 ,0 .1 1 0 ,0 .0 9 9
D eh yd ra ted , unb lanched  0 .0 6 7 , 0 .0 6 7
D eh yd ra ted , b lan ch ed “

In itia l 0 .1 0 5 , 0 . 106&
A fter 40  d a y s’ storage* 0 .1 0 4  (0 ° ) , 0 .1 0 1  (2 2 ° ) , 0 .0 7 9  (30°)
°  B lan ch in g  in v o lv es  3 m in u tes’ im m ersion in  b o ilin g  w ater, prior to  d e­

hyd ra tion .
b On basis  in clud in g  so lid s lo s t in  b lan ch in g , th is  va lu e  becom es 0.086. 
c A fter 4 m on th s th e  unblanched  sam ples a t  room  tem p eratu re h ave fallen  

to  0 .055% , th e  b lanched  to  0 .084%  carotene.

Some carotene values in  certain laboratory-canned carrot 
juice samples are as follows: 13.3,12.8; 11.9,11.8; 10.6, and 
10.5 mg. per 100 ml. of juice. Three commercial brands 
analyzed gave 9.0, 5.6, and 2.5. The last-mentioned had been 
strained and, as would be expected, this removed m ost of the 
carotene in the  pulp. Assuming an average of about 15 per 
cent solids in  these juices, we find the  carotene comparable 
with th a t of the fresh carrot in most cases. Adsorption tests 
again revealed the absence of additional chromophores in the 
final preparations.

T o m a t o e s .  In  Figure 1 is shown the absorption spectrum 
of lycopene, /3-carotene, and a  tom ato extract in benzene solu­
tion. I t  is evident th a t the  lycopene spectrum  effectively 
masks the presence of other pigments. Owing to  traces of 
other carotenoids, the extract cannot be treated  as a 2-compo­
nent system  involving only lycopene and /3-carotene. Even if 
this were the case, i t  is clear by inspection th a t a t least 95 per 
cent of the absorption is due to  lycopene and an  error of 1 per 
cent in the  estim ation of this component means an error of 20 
per cent in th e  carotene. In  the case of the fresh tom ato, on 
which some analyses had been made for another purpose (6), 
considerable difficulty.was encountered in securing a  represen­
tative sample. W herever possible, the sample should be 
withdrawn from no t less than  several hundred grams of mac­
erated well-mixed pulp, and a 50-gram sample is not too 
small. This requires considerable solvent for satisfactory 
extraction. In  juices, the  sampling error is negligible.

Samples of a commercial brand (10, 20, and 30 ml.), well 
shaken, were extracted exhaustively with acetone (total required 
about 100 ml. per 10 ml. of juice) and the extracts were trans­
ferred to 25 ml. of benzene. The benzene was then thoroughly 
washed (5 times, 50-ml. water portions), dried with anhydrous 
sodium sulfate, and adsorbed on magnesium oxide and silica (1 to 
1 by weight). The column was 1.5 cm. in diameter and 6 cm. 
long. The ¿-carotene appeared in the eluate, and was virtually 
unadsorbed, and the column was washed with more benzene until 
this fraction had passed completely into the eluate. This was 
then made to volume, and the transmission at 490 him measured. 
The results were 0.535, 0.538, and 0.539 mg. per 100 ml. of juice.

F ig u r e  2 . A b s o r p t io n  C o n s t a n t s  f o r  
/S-Ca r o t e n e  a n d  A p r ic o t  E x t r a c t  i n  

B e n z e n e

Results on four commercial brands of juice were 0.535, 0.52; 
0.43, 0.43; 0.60, 0.60; and 0.575, 0.60 in mg. of 0-carotene per 
100 ml. of juice.

On whole tomatoes, results are more variable. A single 
lot, purchased on th e  m arket, m ay be considered. Sample 1 
from 2 halves of a tom ato irregularly ripened gave values of 
0.0107, 0.004 per cent; two other samples, as homogeneous 
as practicable, gave 0.0075, 0.0089; and 0.0059, 0.0051 per 
cent, on a moisture-free basis. Three tom ato pastes (of 
known solid content) gave values of 0.0137, 0.0135, and 
0.0127 per cent, d ry  weight basis.

A p r i c o t s .  In  Figure 2 are given absorption curves for an 
apricot ex trac t and for /3-carotene in benzene. The xantho- 
phylls, lycopene, and 7 -carotene do not am ount to  10 per cent 
of the to ta l carotenoid, b u t again the m ixture is too complex 
for simple spectroscopic assay, though errors in the /3-caro­
tene would be small in comparison with a similar assay on 
tomatoes.

The apricots, fresh or dry, are passed through a fine food 
chopper, and 10 grams of fresh or 1.0 gram of dried are extracted 
as for tomatoes. The /3-carotene in the eluate is made to volume 
and estimated as before.

T a b l e  III. C a r o t e n e  i n  A p r ic o t s , M o is t u r e - F r e e  B a s is

%
Fresh  (R oya ls) 0 .0 2 1 2 ,0 .0 2 0 0
Sun-dried  0 .0 1 6 8 ,0 .0 1 6 4
D eh yd ra ted  0 .0 1 6 5 ,0 .0 1 6 0
3 hours u ltra v io le t th en  deh yd rated  0 .0 1 9 8 , 0 .0 1 9 4 ,0 .0 1 9 5 , 0 .0 1 9 0
Sun-dried , unsu lfured4* 0 .0 1 3 8 ,0 .0 1 3 2

* From  a different lo t  o f apricots. A ll other dried sam ples w ere sulfured .

The effect of fight is not to  be simply explained. W hether 
the apricots are sun-dried or dehydrated, carotene losses are 
comparable (Table I II ) , regardless of the acceptability of the 
color of the final product to  the trade. The ultraviolet source 
conceivably exerts its effect by  rapid inactivation of enzymes, 
bu t this phase will n o t be discussed here.

P e a c h e s .  Carotenoids of the  following varieties have now 
been examined: (freestone) E lberta , M uir, Lovell, Foster, 
Late Crawford, (cling) Phillips, and Halford. T he first three 
have been examined after dehydrating and also sun-drying, 
and E lbertas after canning. In  previous work, carotenoids 
were isolated from vacuum-dried peach powder (10) and 
owing to  low yields only a small quan tity  of fresh Lovells were 
included for' comparison. Varieties grown here apparently
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do not contain measurable quantities of lycopene. When 
added to the extent of 3 per cent of the pigm ent mixture, i t  can 
be detected, bu t it cannot comprise 9 or 10 per cent of the 
m ixture, as observed in European varieties (23). As a result of 
the more extensive work, certain modification of previous find­
ings is necessary. In  the first place, m ature fresh and canned 
fruit yields an extract with lutein- or xanthophyll-type absorp­
tion maxima. This is also true  of fruit sun-dried in the absence 
of sulfur, b u t the dried sulfured product is relatively much 
richer in /3-carotene and similar components, as shown by  a 
shift in the absorption maxima (Figure 3). In  drying, the 
b run t of the loss is borne by the xanthophyll fraction.

Secondly, cryptoxanthin is not present in the am ount pre­
viously indicated (10) in all of the above varieties. The carot­
enoids fractionated from fresh Fosters, for example, gave es­
sentially the same chromatogram, b u t the supposed crypto­
xanthin gave absorption maxima about 3 mp. too far to  the 
blue, and it was more weakly adsorbed than  genuine crypto­
xanthin on a test column of magnesium oxide in  benzene. 
Finally, as a  result of studies on im m ature fruit, i t  became 
apparent th a t a labile component was present, having absorp­
tion characteristics similar in some respects to  neoxanthin 
(21)—i. e., w ith maxima further to  the blue than  those of lu­
tein. W ith inclusion of this labile fraction, the /3-carotene 
fraction is less than  10 per cent of the to ta l carotenoid in the 
fresh peach, and about 20 per cent in  the sulfured dried peach, 
where much of the xanthophyll has been destroyed, including 
all the very labile fraction. Excluding this la tte r fraction, an 
approximate estim ate of to ta l carotenoid m ay be m ade within 
10 to 15 per cent by  the following procedure:

A petroleum ether extract is prepared from 10 grams of fresh, 
or 3 to 5 grams of dried peaches, in the same way that the benzene 
solutions were prepared from tomatoes and apricots. The ab­
sorption maximum for the band at the longer wave length is be­
tween 472 and 481 mu, depending upon whether xanthophylls 
predominate. The total concentration is estimated by assuming 
an average specific absorption coefficient of 220, in liters per gram 
cm., at the individually located maximum for each extract. In 
actuality, after transmission measurements had been made, the 
solution was adsorbed on a column of magnesium carbonate 
(Merck), and the /3-carotene was collected in the eluate very 
rapidly as it is unadsorbed. The details are thus in essence iden­
tical with those for carotene in apricots, except for solvent and 
adsorbent differences. Although these data are available, it is 
thought of greater interest to report the total carotenoid, based 
on the assumption just noted, because the effect of treatment 
causing heavy losses in total pigment is not reflected nearly so 
strikingly in the carotene itself. The /3-carotene may be suffi­
ciently precisely estimated as 10 per cent of the total for fresh, 
and 20 per cent for the sulfured dried, from the values in Table IV.

Results w ith fresh, green, borderline, and dead ripe Halford 
and Phillips peaches gave values of the same order of magni­
tude as for the fresh freestone varieties, b u t were 20 to  40 per

cent lower for green fruit, where chlorophyll was readily de­
tected.

P r u n e s .  Trade-dried prunes with IS per cent m oisture or 
less provide a  peculiar extraction problem. The fresh Im ­
perial prune is as readily extracted as peaches or apricots. 
N or is any difficulty experienced with the processed dried 
prune, ca. 30 per cent moisture, b u t prune powder ca. 3 per 
cent, and dried prunes from the yard ca. IS per cent moisture 
or less yield no coloring m atte r to  acetone or petroleum ether. 
A yellow solution is obtained with 95 per cent ethanol b u t the 
coloring m atte r is not extracted w ith petroleum ether. A 
similar difficulty in preparing extracts from prunes was found 
in the D epartm ent of Home .Economics and was obviated by 
soaking in water. A brief immersion of the sample for 1 to  2 
m inutes in boiling water is sufficient.

The prune was not investigated in great detail, b u t it was 
clear from the absorption curve for the to ta l carotenoid ex­
trac t in petroleum ether th a t the  mixture approxim ated the 
same general picture as in peaches. Prunes are dried whole, 
usually after a brief lye dip. D ehydration is more common 
than  in other fruits because the crop is harvested later in the 
season and there is in general poorer drying weather. Nor­
m ally they are not sulfured.

Analyses reported here are based on the procedure for peaches, 
with samples from 2 to 8 grams: the total carotenoid in petroleum 
ether is passed over a short column (1.5 X 5 cm.) of magnesium 
carbonate, and the /3-carotene in the eluate is made to volume 
and estimated. Analyses on a sample of fresh Imperial prunes 
gave 0.0041, 0.0037 per cent /3-carotene on a moisture-free basis. 
Two commercial brands (processed) gave 0.0010, 0.0011, 0.00105; 
0.0015. Another sample of the second brand gave 0.0025,
0.0030. The former were evidently older packages, and the 
flesh was definitely browner than in the second sample.

T a b l e  IV. E s t im a t e d  T o t a l  C a r o t e n o id  i n  P e a c h e s , M o is ­
t u r e - F r e e  B a s is

E lb erta M uir L ovell
% % %

Fresh® 0 .0 1 5 4 0 .0 1 7 1 0 .0 2 5
0 .0 1 8 5 0 .0 1 8 9 0 .0 2 4

S un-dried , unsulfured& 0 .0 0 7 8 0 .0 0 7 9 ...
S un-dried , sulfured* 0 .0 0 5 3 0 .0 0 5 0 0 .0 0 5 8
D eh yd ra ted , sulfured® 0 .0 0 5 5 0 .0 0 4 0 0 .0 0 5 8
°  A pp roxim ate ratios of xan th op h y lls  to carotene: °  10, & G, e 5, to  1.

D iscu ss io n
An im portant source of error lies in the labile nature of 

carotene. I t  not only involves the reference standard , b u t it 
also impairs the value of a  checking procedure where known 
am ounts are added to  an unknown sample. The spectro­
scopic constants for carotene, m elting point 182-3°, can be 
reproduced within 1 to  2 per cent a t  the maxima.

L ittle need be added w ith respect to  methods. W here ad­
sorption is necessary, the authors have preferred to  use a 
readily available adsorbent (Micron brand magnesium oxide, 
with Hvflo-Supercel as diluent, and M erck’s magnesium car­
bonate) in actual Tsw ett columns of small dimensions, and to 
employ a solvent which in  the individual cases permits the 
desired separation and allows the fraction in which they are 
interested—the /3-carotene—to pass through unadsorbed.

The underlying assum ption is th a t there is no loss of the 
completely unadsorbed pigment. Pure /3-carotene in ben­
zene on magnesium oxide and in petroleum ether on very dry 
magnesium carbonate is in actuality  slightly adsorbed. Re­
coveries range from 75 to  95 per cent, when known quantities 
are added to  te s t columns, depending on the am ount added 
and the rapidity  of elution. There is no adsorption, however, 
of this pigment from crude extracts under otherwise compara­
ble conditions, owing to  the presence of colorless impurities 
which affect the development of the chromatogram. Where
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/3-carotene was added, not in excess of th a t present in the 
aliquot of the unknown, recoveries of 95 to  97 per cent were 
obtained. If more than  double the am ount in the unknown 
was added, between 80 and 92 per cent was recovered, and 
seemingly the value was determined in  part by  the additional 
length of tim e the zone was in contact with the adsorbent.

I t  is generally recognized th a t adsorbents are highly variable 
in property, and the magnesium carbonate, for example, will 
work satisfactorily only for relatively small quantities of pig­
m ent, per un it weight of adsorbent. The authors suspect 
th a t contam ination with traces of ethanol or similar solvents 
is, however, the m ost frequent cause for unsatisfactory results. 
They can only emphasize th a t these adsorbents have served 
their purpose, and for general applicability, they feel the tech­
nique to  be more desirable than th a t involved in adding ad­
sorbent directly to  the solution (4). W here it has been posi­
tively identified, cryptoxanthin m ay be readily washed off a 
column of magnesium carbonate by changing the eluting sol­
vent from petroleum ether to benzene. In  view of the differ­
ences in this fraction in  different peach varieties, they  have 
not included d a ta  so far obtained. Some preliminary experi­
ments with corn meal and with genuine cryptoxanthin indi­
cate th a t there should be no serious difficulty in applying the 
procedure to  the peach and prune.

B y courtesy of A. F . M organ, the authors have compared 
their d a ta  with bioassays on similar fru it made during the last 
decade (18, 14, 15, 19). There are no serious discrepancies, 
though losses of carotene in the authors’ dried apricots are 
much less severe. In  large measure this appears to  be due 
to small scale operations, to  a short tim e of storage (one week), 
and particularly to  prom pt sulfuring after cutting and pitting. 
In  all yellow peaches tested by bioassay, the differences in 
carotene content are within 30 per cent of each other. In  a 
tom ato paste from the “pear tom ato” , there was only an 8 per 
cent difference in the carotene. The authors have therefore 
not been greatly interested in varietal differences. The gene 
concerned with plastid pigments affects chiefly the lycopene, 
according to  LeRosen, W ent, and Zechmeister (9).

A more serious b u t well-known discrepancy lies in  the rela­
tive inefficiency of yellow vegetables, notably carrots, when 
compared with green sources (SO)1. I t  is consequently not 
evident th a t varietal studies designed to  increase the caro­
tene content m il have utilitarian value. W ithin a  given 
class of foods—e. g., dried fruits or green vegetables—there 
seems to  be satisfactory agreement between data  such as the 
authors’ and bioassays, which is lessened when different classes 
are compared.

I t  m ay be deduced from the argum ents of W ald, Carroll, 
and Sciarra (24) th a t a  daily adult requirem ent of 5000 units—
i. e., 3 mg. of /3-carotene—is based on a wrong unit of time, 
because the daily diet is too variable; a weekly basis is more 
stable. Also, the excretion of single large doses ordinarily 
begins w ithin 1 to  2 days and is a t  a maximum from 3 to 5 
days, ceasing after 5 to 7. In  any event, absorption of caro­
tene m ust be distinguished as a process n o t necessarily involv­
ing utilization, and even the addition of bile salts (7) cannot 
be assumed to  ensure this.

I t is unfortunate th a t bioassays on a given fru it are usually 
made with A-deficient rats. The results are in practice inter­
preted as bioassays for m an or livestock rarely a t  such an  ad­
vanced stage of depletion, and no allowance is m ade for dif­
ferences in  the respective digestive trac ts  and their capacities 
for making the carotene available. I t  has been pointed out to  
the authors th a t in  th e  poultry  industry  there has been a 
rather precise standardization of poultry  needs based on /3-

1 B ioassays and carotenoid  determ in ation s m ay b e contrasted  in  th ese re­
cent papers: B ooher, L . E ., and M arsh. R . L ., U . S . D ep t. A gr., Tech.
Bull. 802 (1941); T aylor , H . V ., D ru m m ond , J . C ., and P y k e , M ., N ature, 
1 « ,  712 (1941).

carotene and alfalfa, the chief supplem ent used. The reten­
tion of carotene in  situ  involves m any factors which are not 
easily disentangled. In  the experimental section on carrots, 
the  authors reported on dehydrated disks originally 3 mm. 
thick. This thickness perm its rapid dehydration, b u t a  th in ­
ner slice retains less carotene. The value of 0 .0 5 5  per cent 
for th e  unblanched sample after 4 m onths d o esn o tg iv ea tru e  
picture. The surfaces are almost devoid of color. On soak­
ing, it becomes apparent th a t the central p a rt of the carrot 
disk is still well colored. Carotene retention, a t  least in some 
instances, is tied up with the fate of antioxidants, and its dis­
appearance on storage appears to  follow an autocatalytic 
curve. One cannot therefore place great reliance on a single 
determ ination.

These points are emphasized because of the ease with which 
reasonable hum an diets can be formulated in excess of 2 0  to 2 5  
mg. of carotene per week from plant sources alone. For ex­
ample, 100 grams of carrots should provide about 10 mg., 100 
grams of spinach 3 to  5  mg., 1 0 0  grams of prunes 1 to 3 mg., 
5 0 0  ml. of tom ato juice or its equivalent 2  to  3 mg., etc., b u t 
these figures do no t have necessarily the same nutritional 
significance. There are om itted from this survey m any good 
sources such as sweet potatoes (11), pumpkins, etc., more in­
te rm itten tly  consumed, and green vegetables except spinach. 
M inor sources such as orange juice (22) m ay in the aggregate 
represent a considerable fraction of the requirem ent.

The problem of greater urgency therefore is physiological 
in nature, and th a t for the food technologist is a t  present rela­
tively simple, th a t he retain in a processed food a reasonably 
high proportion of its original endowment of carotene. Here 
the broad underlying principles are well appreciated: in can­
ning, exclusion of air, and in dehydration, blanching and 
storage a t  low tem perature or in inert gases.
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The authors are indebted to  Agnes F ay  M organ and to  S. 

Lepkovsky for their aid in assisting to  evaluate the data .
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Adsorption of Vapors by Crystalline Solid 
Surfaces

D . RI. G A N S 1, U . S . B R O O K S 2, A N D  G . E . BO Y D  
U n iv e r s ity  o f  C h ica g o , C h ica g o , 111.

T h e  im j)o r ta n t  p r o b le m  o f  th e  d e te r m in a t io n  o f  
th e  su r fa c e  area  o f  a  f in e ly  d iv id ed  p ow d er h a s  h c e n  
co n sid ered  b y  th e  in te r c o m p a r iso n  o f  v a lu es  o b ­
ta in e d  fro m  th e  a d so rp tio n  o f  w a te r , p rop y l a lc o h o l,  
a n d  b e n z e n e  vapors a t  25° C ., a n d  th e  a d so rp tio n  o f  
n itr o g e n  g a s  a t  —195.5° C . T h e  so lid s  u t i l iz e d  w ere  
th e  c o m m o n  p ig m e n ts ,  t i ta n iu m  d io x id e , s ta n n ic  
ox id e , z in c  o x id e , a n d  p u lv er ized  q u a r tz .

I t  is  c o n c lu d e d  t h a t  re lia b le  v a lu e s  o f  th e  su rfa ce  
area o f  a  c r y s ta llin e  p ow der m a y  b e  o b ta in e d  fr o m  
vapor a d so rp tio n  d a ta  a t  r o o m  te m p er a tu r e .  
T h u s  th e  area p er  g ra m  o f  o n e  o f  t h e  t i ta n iu m  
d io x id e  p o w d ers o b ta in e d  fr o m  t h e  a d so rp tio n  o f  
n itr o g e n  a t  —195.5° C . w a s 8 .3  sq u a r e  m e te r s;  
t h e  a d so rp tio n  o f  w a ter  vapor a t  25° C. gave  9 .1 , 
p ropyl a lc o h o l 8 .9 , a n d  b e n z e n e  9 .3  sq u a r e  m e te r s ,  
resp e ctiv e ly . A p r e lim in a r y  v a lu e  fro m  t h e  e le c ­
tr o n  m icr o sc o p e  fo r  t h is  p ow der ga v e  10.7 sq u a re  
m e te r s  per g ra m .

N UM EROUS reports of vapor phase adsorption on porous 
solid structures such as the charcoals and silica gel exist 

in the literature (6, S). Studies of adsorption on plane crys­
talline surfaces have been generally avoided, however, owing 
to  the extremely small adsorption th a t is observed when 
powders prepared by  ordinary methods are utilized. As a 
consequence of recent industrial developments, nonporous 
crystalline powders of high specific area have become avail­
able, and the need for suitable m ethods to  measure surface 
areas of such m aterials has arisen. In  1931, the study  re­
ported in this paper was begun with th is purpose in view. 
An experimental investigation of the adsorption of water, 
propyl alcohol, and benzene vapors by  crystalline titan ium  
dioxide, quartz, zinc, and stannic oxides was completed. 
Langmuir isotherms wrere observed for th e  adsorption of 
propyl alcohol on all these solids up to  three-fourths sa tura­
tion pressure of the vapor. The adsorption of water, how­
ever, gave a sigmoid-shaped curve to  which the simple Lang- 
inuir form could not be fitted.

M ore recently other workers (1, 9 ,1 0 ,1 1 )  have found an S- 
shape for the isotherm for water, and sometimes other vapors. 
This same type of isotherm was also found in  the im portant 
researches of Brunauer and E m m ett (3) for the low-tempera- 
ture adsorption of nitrogen, oxygen, argon, carbon monoxide, 
carbon dioxide, and bu tane on m any crystalline solids. An 
adequate theory of this type of isotherm has been given (4). 
The sigmoid form is assumed to  result from the building up of 
a polymolecular film by the adsorption of molecules held by  
essentially van der W aals forces. Langm uir’s kinetic con- 
densation-evaporation mechanism is generalized, and a 
varie ty  of analytic expressions result. The theory has been 
extended (2) to  include other species of adsorption isotherms, 
including those types observed for adsorption on porous 
solids. A valuable result of this work has been th a t a simple 
and reliable procedure for the determ ination of the  surface 
areas of powders has been established.

1 P resen t address, R esearch Laboratories, In terch em ica l C orporation , 
N ew  Y ork , N . Y .

* P resen t address, J. C. S m ith  U n iversity , C harlo tte, N . C.

The theory of Brunauer, Em m ett, and Teller (4) has been 
applied to  the authors’ data  and surface areas have been com­
puted. Striking agreem ent between values obtained from 
the van der W aals adsorption of nitrogen gas a t  —195.5° C., 
and values from the adsorption of water, propyl alcohol, and 
benzene vapors a t  about 25 ° C. has been found. A quantita tive 
m easurem ent of the adsorption of water vapor a t  room tem ­
peratures m ay afford a convenient procedure for the  evalua­
tion of surface area of powders.

E xp erim en ta l
The adsorption of vapors on powders of metallic oxides was 

measured in the apparatus shown in Figure 1.

F ig u r e  1. A p p a r a t u s  f o r  S t u d y in g  A d s o r p t io n  o f  V a p o r s  
o n  C r y s t a l l in e  N o n p o r o u s  P o w d e r s

Pressure difference constitutes the measuring scale. The 
volume of flask B  was determined directly; from this the volume 
of the remainder of the apparatus, except tha t of the adsorbing 
flask, A, was determined by measuring the new pressure of a little 
air which was allowed to expand from B, a t a known low pressure, 
into the apparatus. Boyle’s law was used to calculate the new 
volume. The volume of A  was measured directly by filling with 
water a t a known temperature and determining the weight differ­
ence. Pressures of water vapor and air were measured with a n- 
dibutyl phthalate manometer, C. Stanolax, instead of phthalate. 
was used to measure the pressures of vapors of n-propyl alcohol 
and benzene. Vapor was admitted to the apparatus from flask D. 
A mercury vapor pump, F, and a Hyvac oil pump a t G were used 
to evacuate the apparatus.

After a series o f  experiments with these vapors was c o m p le ted , 
the optical monometer, J , of the type described by Carver (5) 
was attached to the apparatus to study the vapor of butyric acid. 
Only a few preliminary experiments were done with this vapor.

The titanic oxide was supplied by the Titanium Pigment Co., 
Inc. The silica was made by pulverizing quartz. The zinc 
oxide and stannic oxide were reagents of c. p . quality. Eaen 
powder was heated in a high vacuum to temperatures which 
ranged from 350° to 450° C., depending on the substance, for 
about 10 hours (usually overnight) preparatory to vapor adsorp­
tion. Permanent gases in  the liquids were pumped off before 
each experiment was started. The liquids used were ordinary 
distilled water, n-propyl alcohol of c. p. quality which was redis­
tilled, and recrystallized benzene of c. p. quality. E x p erim en ts  
were run in duplicate. ,

Vapor was admitted to the apparatus while stopcocks K  and b  
were closed. After the pressure was read; L  was opened and 
adsorption was allowed to proceed until equilibrium was reached. 
The system was considered to have reached equilibrium w h e n  the 
manometer level remained constant for 15 minutes. L  was then

396
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F i g u r e  2 ,

T a b l e  I .  A d s o r p t io n  o f  W a t e r  o n  T it a n ic  O x i d e

P ,  m m . H g

(Í -  31° C.) 
n  X  IO* 

per gram
V,  cc. a t  
S . T . P .

0 .0 0 7 1 .5 0 .3 7 .
0 .0 2 3 3 .6 0 .9 0
0 .1 3 6 .6 1 .6 5
0 .8 4 1 0 .4 2 .6 0
2 .2 1 14 .1 3 .5 2
5 .4 4 1 8 .8 4 .7 0
9 .0 8 2 2 .8 5 .7 0

13 .1 2 2 6 .8 6 .7 0
16 .0 0 3 0 .2 7 .5 5
18 .2 0 3 3 .1 8 .2 8
19 .9 5 3 5 .6 8 .9 0
2 1 .4 8 3 7 .6 9 .4 0
3 3 .3 8  0  po

sure axis, and the interm ediate region ap­
proxim ately linear w ith respect to  pres­
sure. The d a ta  have been fitted to 
Equation A (4).

p/v(po -  p) =* 1/vmC +  (c -  l / v mc )p /p 0 (A)

where, for the authors’ data, p  =  pressure 
in mm. of m ercury, po =  saturation  pres­
sure of the vapor, v =  volume of vapor 
adsorbed in cc. a t  standard  tem perature 
and pressure, vm — volume of vapor ad­
sorbed when the entire adsorbent surface 
is covered with a complete monomolecular 
layer, c =  (afii/biCh) exp. (E i ~ E l) /R T ,  
where alt bh o2, and b2 are constants, E i =  
hea t of adsorption in  the first layer, and 
E l — heat of liquefaction of th e  vapor in 
cal. mole-1. A plot of E quation  A for 
w ater vapor on the adsorbents is shown 
in F igure 3. Between relative pressures 
of 0.05 and over 0.35 the plots are closely 
linear. From  them  the values of vm and 
c were obtained by the methods of least 
squares. From  c approxim ate values for 
E i—E L were calculated (Table I I) .

The adsorption of propyl alcohol vapor on the same crystal­
line powders is shown in Figure 4, and in Figure 5 are shown 
the d a ta  for the adsorption of benzene vapor on titan ium  di­
oxide I, titanium  dioxide I I , and quartz . These isotherms 
resemble the well-known Langm uir type over m ost of their 
course. Increased adsorptions a t  high relative pressures 
(benzene), however, m ay suggest the  beginning of a poly­
molecular film. The data, when plotted according to  E qua­
tion C (4),

P/V = Pa/vmC +  P/Vm (C)

I s o t h e r m s  f o r  A d s o r p t io n  o f  W a t e r  V a p o r  o n  C r y s t a l l in e  
P o w d e r s  a t  2 5 °  C .

closed and the process was repeated. The calculations are 
based on the perfect gas law, P V  = nRT, which is deemed 
sufficiently accurate for vapors a t these temperatures as long as 
one works appreciably below the vapor tension of the liquid. At 
the highest pressure attained, p/po = 0.80, unquestionable accu­
racy cannot be expected.

The number of moles of vapor adsorbed per gram  of powder 
and the volume of adsorbed vapor under standard  conditions 
were calculated with due regard to  the quan tity  of vapor 
present initially and finally in each section of the apparatus. 
A typical set of results is given in Table I.

Blank experiments were performed to  show th a t no observ­
able decrease in pressure resulted from absorption of any 
vapors by the manometer fluid or the stopcock grease. Curves 
of duplicate experiments are identical a t  low pressures. In  
some cases they diverge a t higher pressures, in part, no 
doubt, because errors are additive under the m ethod adopted. 
There is no divergence below a  relative pressure (p/po) of 
0.25. Desorption points were obtained on each isotherm, 
and agreed satisfactorily with those determined in adsorption. 
Desorption points are no t shown in th e  figures, however.

R esu lts

The adsorption of water vapor on five powders is shown in 
Figure 2. Typical S-shaped isotherms have been obtained, 
the low-pressure portion of the isotherm being concave to the 
pressure axis, the higher pressure region convex to the pres-

F ig u r e  3 . A d s o r p t io n  D a t a  f o r  W a t e r  V a p o r  
P l o t t e d  A c c o r d in g  t o  E q u a t io n  A
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T a b l e  I I .

Pow der

TiOs-I
TiOa-II
ZnO
SiOa
SnOa

TiOa-I
T iO i-II
ZnO
SiOa
SnOi

TiOa-I
TiOi-II
SiOa

V a l u e s  o p  C o n s t a n t s  f o r  A d s o r p t io n  o p  V a p o r s  
a t  2 5 °  C . o n  C r y s t a l l in e  S u r f a c e s

Vm
C c./gram  c

W ater vapor 
4 .2 8  4 8 .6
3 .1 7  4 8 .9
1 .5 2  6 4 .3
1 .9 6  4 6 .7
0 .4 8   «

Propyl a lcohol vapor  
2 .4 1  3 2 .1
1 .6 5  3 2 .3
1 .0 7  2 3 .0
1 .1 8   <*
0 .5 2  2 5 .5

B en zene vapor  
1 .4 4  7 7 .0
1 .1 3  5 6 .4
0 .3 6  3 3 .4

E i — E l  
Cal. m ole"}

2400
2380
2500
2300

2080
2080
1840 a
1940

2640
2450
2330

« In  th ese cases ca lcu lated  va lu es of c and E i — E l  w ere considerab ly  
different from  th e  o ther agreeing va lu es in  th ese colum ns and are therefore 
o m itted . B y  th e  presen t m ethod  of calcu lation  th e  va lu e  of r m determ ined  
b y  p o sitio n  of th e  knee of th e  adsorption  isotherm  is th e  m ost reliab le of th e  
th ree, w hile c and E i -* E l  are very  sen sitiv e  to  s ligh t changes in  th e slop e  
o f th e  iso th erm  b eyon d  its  kuee.

T a b l e  I I I .  S u r f a c e  A r e a  V a l u e s

(Square m eters per gram )
N  a(£) HaO(L) C aH îO H (A /) CsHeCZO

Pow der 1 0 .2 1 0 .G 2 0 .0 3 0 .5

T iO i-I 1 3 .5 1 2 .4 1 3 .0 1 1 .0
TiOa-II 8 .3 9 .1 8 .9 9 .3
ZnO 4 .4 5 .8
SiOa 5 .6 6 .3 ' z . b
SnOa . . . . 1 .4 2 .8

powder, provided a reasonable choice of the area per adsorbed 
molecule can be made. If  the suggestions of E m m ett and 
Brunauer (3) are followed, and one assumes th a t the adsorbed 
molecules are in the closest possible packing—namely, hex­
agonal two-dimensional packing—one may apply the formula

Area per molecule =  1.091 (M /N d )2/ 3

where M  is the molecular weight of the vapor, N  is Avogadro’s 
number, and d m ay be taken as the density of either the solidi­
fied or liquefied gas a t  the tem perature of the adsorption ex­
perim ent. Thus, for w ater a t  25° C., 11.1 and 10.6 A .2 per 
molecule are calculated, respectively; f o r opropyl alcohol, 
27.0 Â .2 per molecule; and for benzene, 30.5 A .2 per molecule. 
These values, w ith the exception of propyl alcohol, have been

F ig u r e  4 .  I s o t h e r m s  f o r  A d s o r p t io n  o f  P r o p y l  
A l c o h o l  V a p o r  o n  C r y s t a l l in e  P o w d e r s  a t  2 5 °  C .

gave good straight lines. Values of c and vm calculated by 
least squares are listed in Table II.

In  addition to  the  vapor adsorptions, isotherms for the 
adsorption of nitrogen gas a t  —195.5° C. were determined for 
both samples of titanic oxide. The apparatus in which these 
experiments were conducted was patterned closely after th a t 
described by E m m ett and Brunauer (S), and their suggested 
technique was followed. Tem peratures were accurately 
determined by a  calibrated copper-constantan thermocouple 
in conjunction w ith a  W hite double potentiom eter and sensi­
tive galvanometer. The curves obtained were typical of van 
der Waals adsorption, and were used to  determine values of 
the to ta l surface area per gram given in Table I I I .

D iscu ss io n

I t  is possible to  utilize the values of v„ given in Table I I  to 
arrive a t  an estimate of the surface extent of a  crystalline

F ig u r e  5 . I s o t h e r m s  f o r  A d s o r p t io n  o f  B e n z e n e  
V a p o r  o n  C r y s t a l l in e  P o w d e r s  a t  2 5 °  C .

used in the  construction of Table I I I .  In  the case of the 
alcohol, this value appears high, and the limiting area for 
close-packed hydrocarbon chains vertically oriented ,as 
obtained from insoluble films of long-chain alcohols has been 
used instead. This fact is indicated by M  (M  =  monolayer); 
L  denotes th a t  the density of the liquefied vapor has been used.

The concordance for the surface areas in the case of the ti­
tanium  dioxides is as satisfactory as is to  be expected, con­
sidering the uncertain ty  involved in the somewhat arbitrary 
m anner in  which the area per adsorbed molecule was chosen. 
Table I I I  seems to  indicate th a t for specific areas greater than 
5 square m eters the m ethod of vapor adsorption is of approxi­
m ately the same degree of reliability as low-tem perature ad­
sorption. M ore recent work (7) wherein a  basically different 
technique for the  determ ination of the am ount adsorbed is 
used, supports this contention.

Owing to  the relatively small size of the w ater molecule, it 
is evident th a t a larger num ber of them  is necessary to form a
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F ig u r e  6 . C o m p a r is o n  o f  A d s o r p t io n  I s o t h e r m s  
o p  V a p o r s  o n  C r y s t a l l in e  T it a n iu m  D io x i d e  

(A n a t a s e , TiOrl)
C urves for ad sorption  of w ater, p rop yl a lcohol, and  ben zen e  

vapors a t  25 °  C.

monomolecular layer on a un it surface; hence, greater vol­
umes of water vapor than  nitrogen gas are observed to  be 
adsorbed on the same solid surface. This fact should serve 
to make for greater accuracy in surface area determ inations 
when w ater vapor is employed if the smaller equilibrium pres­
sures m ay be read w ithout increased percentage error.

I t  is of in terest to  speculate on the cause of the g reat differ­
ence between the character of the adsorption of propyl alcohol, 
and of w ater and benzene vapors. The distinction is illus­
trated by Figure 6 where the abscissa is taken as the relative 
pressure, p/po, in order to  bring the  isotherms to  a  common 
basis. The flatness of the curve for propyl alcohol m ight be 
interpreted as signifying th a t adsorption to form second and 
higher layers does not occur until pressures near saturation  
are reached. Since it  is probable th a t the alcohol molecule 
is nearly vertically oriented on the polar solid surface with its

h y d r o x y l  g r o u p  
d o w n ,  t h e  u p p e r ­
m ost surface of an 
adsorbed monolayer 
would present an 
oil-like or hydrocar­
bon surface on the 
average. On such 
a  surface, the condi­
tion for condensa­
tion to  form m ulti­
layers, 2?2 =  E L, 
m ight not be satis­
fied ; rather, it m ay 
be th a t Ea <  E L) 
since the configura­
tion of the molecules 
in the  first layer 
differs strongly from 
the  structure of a 
unimolecular liquid 
layer. In  the classi­
fication suggested 
by Brunauer, Dem-

F i g u r e  8 . E l e c t r o n  M ic r o sc o p e  
P h o t o g r a p h  o f  TiC>2-II(X 1 4 ,0 0 0 )

ing, Deming, and 
Teller (£), the ad­
sorption iso therm  
for propyl alcohol 
on anatase is a com- 
b in a tio n  of their 
Types I and III.

Figures 7 and 8 
show the electron 
microscope photo­
graphs of the two 
titanium dioxides, 
obtained with the
11. C. A. electron 
microscope of the 
Research L ab o ra­
t o r i e s  of I n t e r ­
chemical Corpora- 
t i o n  b y  E .  F .
Fullam, who calcu­
lates the specific 
area of 20.9 square 
meters per gram for 
titanium dioxide I
and 10.7 for titanium dioxide II for the particles as spheres 
from the statistical determination of d3 which is 'Znd3/J,nd-. 
The value for titanium dioxide II  is in as good agreement 
as may be expected with the values of Table III; that for 
titanium dioxide I is not in as good agreement, and leaves a 
discrepancy to be clarified by further work.
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F ig u r e  7 . E l e c t r o n  M ic r o s c o p e  
P h o t o g r a p h  o f  T i O r l  ( X  1 4 ,6 0 0 )

Determ ination o f F luorine
W IL L IA M  K R A S N Y  E R G E N  AND R O Y  E . H E A T H  

U n iv ers ity  o f  W isc o n s in , M a d iso n , W is.

HOFFM AN and Lundell (1) as well as Specht (2) have 
described procedures for the determ ination of fluorine, 

in which lead chlorofluoride is precipitated, filtered, and dis­
solved in nitric acid and the chloride is determined by the 
Volhard method. These procedures m ay be somewhat im­
proved by  the use of fritted Gooch-type glass-disk crucibles of 
medium porosity (Coming Glass W orks 32960-30M) for the 
filtration.
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Detection of Second-Hand White Cotton Filling  
Materials

Used in Articles o f Bedding and Upholstered Furniture

C. M . JE P IIC O T T  A N D  \V. II. II . B ISH O P  
D iv is io n  o f  In d u str ia l H y g ie n e , D e p a r tm e n t  o f  H e a lth  o f  O n ta r io , T o r o n to , C an ada

THE Bedding Regulations of the Department of Health 
of Ontario came into force on December 28, 1938. Under 

these regulations, “new” as applied to any filling material 
means any undyed material which has not been previously 
manufactured (except felted) or used for any purpose but does 
not include converted material. “Converted material” as 
applied to any filling material means any otherwise new ma­
terial which has been dyed or colored or spun into yarn or 
knit or woven into fabric but not further manufactured than 
cut up, torn up, broken up, shredded, or felted. “Second­
hand” as applied to any filling material means any material 
which is neither new nor converted.

For administrative purposes it is necessary to be able to 
detect the presence of second-hand filling materials. A review 
of the literature shows tliat little information has been pub­
lished in this field.

In 1932, Wynne and Donovan (5) of the Maryland State De­
partment of Health reported that new and second-hand white 
cotton could be distinguished by the difference in the color of the 
fluorescence exhibited by these materials under a suitable source 
of ultraviolet light. They concluded that this test was quick and 
simple, could readily be demonstrated, and in the hands of an 
experienced person gave fairly accurate results in a large majority 
of cases. In  1933, Burke and Kane (1) of the Bedding Division 
of the New York State Department of Labor developed a chemi­
cal method to differentiate new from second-hand cotton fillings. 
They found that new cotton fillings had a water-soluble sulfate 
content of less than 0.25 per cent expressed as sodium sulfate and 
that second-hand cotton fillings were characterized by a sulfate 
content in excess of this amount. As they found tha t new cotton 
did not contain sufficient sulfate in any form to account for this 
increase, they concluded that the additional sulfate found in 
second-hand cotton fillings must have come from an outside 
source.

In  1935, Moskowitz, Landes, and Himmelfarb (S) of the 
Bedding Division of the New York State Department of Labor 
published data on the ammonia, urea, and sodium sulfate con­
ten t of new and second-hand cotton filling materials. They re­
ported that unused cotton materials had both an ammonia and 
urea content of less than 0.030 and 0.010 per cent, respectively, 
whereas used cotton fillings had in most cases an ammonia con­
tent above 0.030 per cent, a urea content above 0.010 per cent, 
or both. Racicot of the Massachusetts Department of Public 
Health developed qualitative methods for the detection of urea 
and creatinine (4). Later Racicot and Lythgoe (4) determined 
the ash, oil, ammonia, and urea content of white cotton wastes; 
they stated that the urea content of new white cotton wastes was 
very unlikely to exceed 0.0028 per cent. In 1940, Fetherolf {2) 
of the Pennsylvania Bedding Law Division published data on the 
pH values of the aqueous extracts of white cotton filling ma­
terials. He reported that new undyed cotton materials had in no 
single instance exhibited a pH value of less than 6.0, whereas 
samples removed from known second-hand mattresses had not 
approached 6.0 in any one case.

The various tests which have been devised to recognize 
second-hand white cotton filling materials may be divided into 
two groups: those which show alteration in the cotton itself, 
such as the fluorescent, staining, and reduction tests, and 
those which detect contamination from body excretions, such 
as ammonia, urea, sulfate, and creatinine determinations. 
I t  is believed that second-hand white cotton filling materials 
have been analyzed for phosphates and chlorides, but to the 
knowledge of the authors, no study of this subject has been

reported, although under the Rag Flock Act of 1911 the chlo­
rine content is used in Great Britain as a test for washed ma­
terial.

I t  is difficult to determine the significance of the pH test 
and little can be said until more is known about the reason for 
the shift in the pH values.

Excluding converted material, this paper deals with the 
results of the analyses of all the white cotton filling materials 
which were received in this laboratory during the past two 
years, except for a few which were omitted because (1) 
samples were too small for complete analysis, (2) they con­
tained sufficient dirt or oil to mask the true fluorescence, or
(3) the fluorescence was not sufficiently uniform to be properly 
classified. Included in this report are the remaining 400 
samples, among which are specimens from the United States, 
Brazil, Egypt, Russia, India, China, and Java.

M eth o d s
F l u o r e s c e n t  T e s t .  The equipment consisted of a 400-watt 

Hanovia analytic model quartz mercury vapor lamp installed in a 
dark room. The lamp was fitted originally with a red-purple 
Corex A No. 986 molded glass filter 16.25 cm. (6.5 inches) square 
and 5 mm. thick. This filter was broken and was replaced by 
one of the same type ground and polished to a thickness of 3 mm. 
Although these two filters transmitted rays of the same wave 
lengths (2480 to 4359 A.), the thinner filter transm itted a higher 
percentage of the total radiation.

The first filter did not necessitate protection for the eyes but 
the second demanded the use of goggles. Nine different types 
made by the Willson Products, Inc., were tried. Willsonite 
goggles (shade C) were chosen as the most suitable as, under 
ultraviolet light, it was found that the difference in appearance of 
the samples tested was accentuated by their use. I t  was readily 
possible to separate samples of white cotton into a t least five 
groups, depending upon the intensity of their violet fluorescence. 
This is difficult if not impossible without the use of goggles.

In practice, each sample of white cotton is placed in one of 
five groups which are numbered from 4 to 0. In group 4 are 
placed those samples which exhibit a deep violet fluorescence. 
Groups 3, 2, and 1 contain samples which show progressively 
decreasing amounts of violet fluorescence, and into group 0 
are put samples which exhibit no violet fluorescence.

pH T e s t .  T w o  and one-half grams of white cotton filling 
material are immersed in 50 ml. of distilled water and kneaded 
with a thick glass rod until thoroughly wetted and the hydrogen- 
ion concentration of the aqueous extract is determined to the 
nearest 0.1 pH by means of a Coleman Model 3A pH electrometer.

C h e m i c a l  T e s t .  Ammonia and Urea Determinations. Five 
rams of white cotton filling material are placed in a 400-ml. 
eaker, 150 ml. of distilled water are added, and the whole is 

boiled for 20 minutes. The solution is filtered by suction through 
a Buchner funnel and the sample is boiled again with 150 ml. more 
of distilled water. One milliliter of 0.1 N  hydrochloric acid is 
added to the pooled filtrate, which is then evaporated down to 
about 5 ml; 1 ml. of 0.1 N  sodium hydroxide is added, and the 
solution is washed into a  15-ml. graduated Pyrex centrifuge tube, 
the volume being made up to 12.5 ml. with distilled water. Two 
aliquots of 5 ml. each are pipetted into Pyrex culture-tubes (250 
by 25 mm.).

To aliquot No. 1, 5 ml. of buffer solution (6.0 grams of potas­
sium dihydrogen phosphate and 9.1 grams of anhydrous disodium 
hydrogen phosphate made up to 1 liter with distilled water) and one 
eighth of a crushed Squibb urease tablet are added. After stand­
ing 20 minutes a t room temperature, 7 ml. of saturated borax
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T a b l e  I I .

solution and 7 drops of caprylic alcohol are added.
The culture tube is immediately inserted into a 
steam-distilling apparatus and the liberated am­
monia is distilled over through a block-tin condenser 
into a 50-ml. Erlenmeyer flask containing 10 ml. of 
2 per cent boric acid and 3 drops of methyl red (0.05 
gram of methyl red dissolved in 100 ml. of 95 per 
cent ethyl alcohol). The solution is steam-distilled 
for 5 minutes, during the last 2 minutes of which 
the flask containing the boric acid is lowered so that 
the end of the condenser is above the level of the 
solution. The solution is titrated with 0.01 N  sul­
furic acid, using a microburet, until the color is a 
pale pink. Then it is heated nearly to boiling, and 
the titration is continued until a full pink color is 
reached.

To 5-ml. aliquot No. 2, 7 ml. of saturated borax 
solution and 7 drops of caprylic alcohol are added.
The tube is inserted into the steam-distilling ap­
paratus, and the solution is distilled and titrated as 
above. Blank determinations on the reagents must 
be run. The titration values from the blanks are 
subtracted from the values obtained in the analysis 
of the sample to get the corrected volumes to be used 
in calculating the results.
C a l c u l a t i o n s . P ercen tage of am m onia  in  sam ple “  m l. o f  

sulfuric acid (N o . 2  corrected) X  0.0085  
P ercen tage of urea in  sam ple “  m l. of 

sulfuric acid  (N o . 1 corrected  m in u s N o.
2 corrected) X  0 .0 1 5

Sulfate Determination. The residual solution from the steam- 
distillation in the ammonia determination (No. 2 above) is trans­
ferred from the culture tube to a 250-ml. beaker and diluted with
100 ml. of distilled water. The solution is acidified with hydro­
chloric acid heated to boiling and treated with 5 ml. of 5 per cent 
barium chloride solution. The solution is allowed to stand over­
night; the precipitate is filtered off, washed, and ignited in the 
usual way. The water-soluble sulfates are expressed as sodium 
sulfate.

T a b l e  I .  C o r r e l a t i o n  b e t w e e n  A m m o n ia  C o n t e n t  a n d  
I n t e n s i t y  o f  V i o l e t  F l u o r e s c e n c e

In ten ­
s ity A m m onia  C on ten t B elow  0 .0 1 2 5 % A b ove 0 .0 1 2 5 %

N o . of H igh ­ A ver­ L ow ­ N o .
ô ?

N o .
Jof V io le t est age est of of

Sam ­ F lu o­ % % % sam ­ sam ­ sam ­ sam ­
ples rescence found found found p les p les p les ples

61 4 0 .0 1 1 0 .0 0 4 0 .0 0 0 61 1 0 0 .0 0 0 .0
158 3 0 .0 1 7 0 .0 0 5 0 .0 0 0 155 9 8 .1 3 1 .9

25 2 0 .0 3 2 0 .0 1 3 0 .0 0 3 14 5 6 .0 11 4 4 .0
111 1 0 .0 9 1 0 .0 3 1 0 .0 1 2 1 0 .9 110 9 9 .1

45 0 0 .0 9 4 0 .0 4 3 0 .0 1 5 0 0 .0 45 1 0 0 .0

C o r r e l a t i o n  b e t w e e n  U r e a  C o n t e n t  a n d  I n t e n s i t y  
o f  V i o l e t  F l u o r e s c e n c e

N o.

In ten -

sio 7
,— ------U rea C ontent-

H igh - A ver- L ow ­
B elow  0 .0 1 0 5 %  

N o . %
A b ove 0 .0 1 0 5 %  

N o . %
of V io le t est T e s t of of of of

S am ­ F lu o ­ % % sam ­ sam ­ sam ­ sam ­
p les rescence found found found ples ples p les ples

61 4 0 .0 1 0 0 .0 0 3 0 .0 0 0 61 1 0 0 .0 0 0 .0
158 3 0 .0 1 5 0 .0 0 4 0 .0 0 0 154 9 7 .5 4 2 .5

25 2 0 .0 3 5 0 .0 0 8 0 .0 0 1 19 7 6 .0 6 2 4 .0
111 1 0 .0 8 0 0 .0 1 1 0 .0 0 2 69 6 2 .2 42 3 7 .8
45 0 0 .0 7 1 0 .0 1 5 0 .0 0 1 19 4 2 .2 26 5 7 .8

the solution is diluted with distilled water and titrated with 
0.1 N  nitric acid, using phenolphthalein as the indicator.

C a l c u l a t i o n . Percen tage of sodiu m  su lfa te  
0.0304

m g. of barium  su lfa te  X

Chloride Detennination. Five grams of white cotton filling 
material are extracted twice with 150 ml. of boiling distilled 
water as in the determination for ammonia. The filtrate js 
concentrated to about 100 ml. and 6 ml. of concentrated nitric 
acid (density 1.42) are added. The solution is further concen­
trated until it becomes clear and light yellow in color. I t  is then 
filtered into a 250-ml. volumetric flask and the precipitate washed 
with distilled water. Ten milliliters of 0.1 N  silver nitrate are 
added and the solution is allowed to stand a t room temperature, 
with frequent shakings, for at least 20 minutes, then made up to 
250 ml., and filtered. The first 50 ml. of the filtrate are discarded. 
If the filtrate is not perfectly clear the solution is refiltered 
through the same filter paper, as finely divided silver chloride 
will act like silver nitrate in the titration with potassium thio- 
cyanate. A 100-ml. aliquot of the filtrate is titrated with 0.1 N  
potassium thiocyanate solution, using a microburet. Ten milli­
liters of a 2 per cent solution of ferric ammonium sulfate are added 
to act as an internal indicator. The end point is taken as the 
first appearance of a permanent red color. The soluble chlorides 
extracted from the cotton are expressed as sodium chloride.

C a l c u l a t i o n .  P ercen tage o f sodiu m  chloride =■ (4 .00  m in u s m l. of 0.1 -V 
p otassiu m  th iocyan ate) X  0.292

Phosphate Detennination. The initial steps are the same as 
those in the chloride determination, except tha t 15 instead of 
6 ml. of concentrated nitric acid arc used, no silver nitrate is 
added, and the solution in the 250-ml. flask is not filtered before 
taking the 100-ml. aliquot. The 100-ml. aliquot is heated to 70° C. 
and 25 ml. of ammonium molybdate solution are slowly added 
with constant stirring. (The ammonium molybdate_ solution is 
prepared by dissolving 100 grams of pure molybdic acid in a mix­
ture of 400 ml. of water and 80 ml. of strong ammonia, density 
0.90. When the molybdic acid is dissolved the solution is slowly 
poured with constant stirring into a mixture of 400 ml. of strong 
nitric acid, density 1.42, and 600 ml. of distilled water.) I t  is 
then allowed to stand on a hot plate a t a temperature of 40° to 
60° C. for 2 hours with occasional stirring, and then at room 
temperature for an hour longer. The solution is filtered, and the 
precipitate is washed with 1 per cent potassium nitrate until 
the washings are neutral to litmus. The filter paper and precipi­
tate are transferred to a beaker containing 25 ml. of 0.1 N  sodium 
hydroxide. When the precipitate has been completely dissolved

C a l c u l a t i o n . P ercen tage of P 2 O 5  

used) X  0 .0062
(25.00  m inus m l. of 0.1 N  n itric acid

R esu l ts

As mentioned above, the samples were separated into five 
groups (numbered from 4 to 0), depending upon the intensity 
of their violet fluorescence. A representative sample from 
each group was chosen and kept as a reference standard, and 
the intensity of the violet fluorescence of any individual 
sample was determined by comparison with the fluorescence 
of these standards. I t  has been shown, by others, that new 
white cotton has the power of exhibiting a violet fluorescence 
under ultraviolet light and that the loss of this property is 
associated with second-hand material.

The results of the ammonia determinations are summarized 
in Table I and include the high, average, and low amounts for 
each of the five groups. The concentration of ammonia 
steadily increases as the intensity of the violet fluorescence 
decreases. The highest amount of ammonia found in groups 
4 and 3 was 0.017 per cent and the lowest amount found in 
groups 1 and 0 was 0.012 per cent. A study of the individual 
results led to the adoption of 0.0125 per cent as the standard 
for the ammonia detennination.

As shown in Table I, 216 out of 219 or 98.6 per cent of the 
samples in groups 4 and 3 had substandard concentrations, 
whereas 155 out of 156 or 99.4 per cent of the samples in 
groups 1 and 0 had an ammonia content greater than 0.0125 
per cent. Samples in group 2 were not compared with the 
ammonia or other determinations for reasons discussed below.

Table II gives the results of the urea determinations. It 
will be observed that the urea content on the average gradu­
ally rises as the intensity of the violet fluorescence falls. 
However, the results are not consistent, as both high and low 
values have been encountered in the samples of the last two 
groups. I t has been suggested that the low concentrations 
might occur as a result of the slow conversion of urea into 
ammonia in the cotton by enzyme action.

The largest quantity found in groups 4 and 3 was 0.015 per 
cent, which is considerably in excess of the amounts occurring 
in many samples in groups 1 and 0. Thus the choosing of a 
standard for urea presents some difficulty and a figure of
0.0105 per cent was finally adopted, A study of Table II
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shows th a t 98.2 per cent of the samples in groups 4 and 3 and 
5G.4 per cent of the samples in groups 1 and 0 have a sub­
standard urea content. Thus less than  one half of the 
samples, in groups 1 and 0, contain excess am ounts of urea.

Table I I I  reports the results of the sodium sulfate deter­
minations. A decrease in the intensity of the violet fluores­
cence is accompanied by an increase in the percentage of 
sodium sulfate. I t  has been pointed out th a t some foreign 
cottons, before shipm ent to this continent, are treated with 
hygroscopic sulfates to  prevent loss of moisture in transit; 
thus an occasional sample of foreign cotton containing a rela­
tively high percentage of sodium sulfate m ight be expected. 
In  the authors’ experiments, however, the greatest am ount 
found in groups 4 and 3 was 0.32 per cent, which is consider­
ably less than  the quan tity  obtained from m any of the samples 
in groups 1 and 0. As the m ajority of the samples in the first 
two groups had a sodium sulfate content below 0.255 per 
cent and as most of the samples in the last two groups had a 
content above 0.255 per cent, this figure was chosen as the 
standard.

As shown in Table I I I ,  213 out of 219 or 97.3 per cent of the 
samples in groups 4 and 3 had substandard concentrations, 
whereas 151 out of 156 or 96.8 per cent of the samples in 
groups 1 and 0 were above the standard am ount.

Table IV  reports the results of the sodium chloride deter­
minations. Although from group 4 to group 0 there is a 
gradual rise on the average in the am ount of sodium chloride 
found, some samples in the first two groups showed relatively 
high values, m ainly among the samples of foreign cottons. 
I t  is possible th a t some of these m aterials had been treated 
with hygrbscopic chlorides prior to  their shipm ent to  this 
continent and this factor was taken into consideration in 
choosing the standard. The figure finally adopted was 0.135 
per cent. As shown in Table IV, 95.4 per cent of the samples 
in groups 4 and 3 had a substandard content, whereas, in 
groups 1 and 0 only about two-thirds of the samples con­
tained more than  0.135 per cent.

Table V gives the results of the phosphate determinations. 
I t  is apparent th a t there is no significant difference between 
the am ounts of phosphate found in the samples showing/a 
deep violet and those exhibiting a  weak violet fluorescence. 
For this reason the phosphate test was abandoned after one 
hundred determinations had been made.

Table VI gives the results on the one hundred pH  analyses 
which have been made. Although a t  the present tim e, the

F i g u r e  1

information available is only sufficient to  perm it the presenta­
tion of a preliminary report, i t  appears th a t  in m ost cases a 
decrease in  the intensity  of the violet fluorescence is accom­
panied by  an increase in the acidity of the aqueous extracts. 
As 6.1 was the lowest pH  value found in groups 4 and 3, 6.05 
was chosen as the ten tative standard. Thus all samples in 
groups 4 and 3 had pH  values greater than  6.05 and over 90 
per cent of those in groups 1 and 0 had values below 6.05.

D isc u ss io n

In  previous papers dealing w ith the  detection of second­
hand white cotton filling materials, a ttem pts have been made, 

in most cases, to  determine a t  the tim e of collec­
tion the new or second-hand natu re  of the samples 
to  be analyzed. Prior to  any experimental work, 
samples were classified, in part, according to in­
formation supplied by  m anufacturers, wholesale 
dealers, supply houses, etc , or according to the 
opinion of an independent expert.

Grading samples as new or second-hand on 
information obtained from m anufacturers, whole­
sale dealers, supply houses, etc., has already 
b?en severely criticized by others. I t  has been 
pointed out th a t the trade is likely, in some in­
stances, to  subm it m aterial far different from 
w hat is expected. The second method, th a t of 
placing absolute reliance on the opinion of an 
expert, is also open to  question, as i t  places too 
m uch faith  in the ability  of anyone to  grade 
correctly all doubtful samples by visual inspec­
tion alone. Such inform ation should be treated 
with reserve, as any error would tend to  invalidate 
the in terpretation of the results.

In  this paper, the samples were collected by a 
bedding inspector from  numerous retailers, manu­
facturers, felters, and supply houses. In  most

T a b l e  I I I .  C o r r e l a t i o n  b e t w e e n  S o d i u m  S u l f a t e  C o n t e n t  a n d  
I n t e n s i t t  o f  V i o l e t  F l u o r e s c e n c e

In ten -
s ity Sodium  S u lfa te C on ten t B elow  0 .2 5 5 % A b o v e  0 .2 5 5 %

N o . of H igh ­ A ver­ Low ­ N o . % N o . %of V iolet es t age e s t of of of of
Sam ­ Fluo­ % % % sam ­ sam ­ sam ­ sam ­
ples rescence found found found ples p les ples p les

61 4 0 .2 7 0 .1 4 0 .0 1 60 9 8 .4 1 1 .6
158 3 0 .3 2 0 .1 7 0 .0 2 153 9 6 .8 5 3 .2

25 2 0 .3 7 0 .2 4 0 .0 3 14 5 6 .0 11 4 4 .0
111 1 0 .8 4 0 .3 6 0 .2 0 4 3 .6 107 9 6 .4
45 0 0 .7 1 0 .4 4 0 .2 0 1 2 .2 44 9 7 .8

T a b l e  I V .  C o r r e l a t i o n  b e t w e e n  S o d iu m  C h l o r i d e  C o n t e n t  a n d  
I n t e n s i t y  o f  V i o l e t  F l u o r e s c e n c e

In ten ­
s ity Sodium  C hloride C on ten t B elow  0..135% A b ove 0 .,135%

N o . of H igh ­ A ver­ L ow ­ N o .
8 N o .

3of V io le t es t age est of of
S am ­ F lu o­ % % sam ­ sam ­ sam ­ sam ­
ples rescence found fou nd found ples p les ples p les

61 4 0 .1 7 0 .0 7 0 .0 1 60 9 8 .4 1 1 .6
158 3 0 .2 3 0 .0 9 0 .0 2 149 9 4 .3 9 5 .7

25 2 0 .2 0 0 .1 1 0 .0 4 19 7 6 .0 6 2 4 .0
111 1 0 .3 0 0 .1 6 0 .0 6 43 3 8 .7 68 6 1 .3
45 0 0 .5 8 0 .1 8 0 .1 1 11 2 4 .4 34 7 5 .6
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T a b l e  V .

N o. of 
Sam ples

1C
30

9
25
14

C o r r e l a t io n  b e t w e e n  P h o s p h a t e  C o n t e n t  a n d  
I n t e n s it y  o p  V io l e t  F l u o r e s c e n c e

/------------P h o sp h a te  C on ten t (P jOî)------------ -
H ig h e st A verage L ow est

% % %
fou nd  fou nd  found

In ten sity  
of V iolet  

F lu o­
rescence

4
3
2
1
0

0.10
0 .1 4
0 .0 8
0.10
0 .10

0 .0 6
0 .0 7
0 .0 6
0 .0 7
0 .0 8

0 .0 4
0 .0 5
0 .0 5
0 .0 5
0.06

T a b l e  V I . C o r r e l a t io n  b e t w e e n  pH  V a l u e  a n d  I n t e n s it y  
o f  V io l e t  F l u o r e s c e n c e

N o.
of

In ten ­
s ity

of
V io le t H igh ­

-p H  V a lu es -  
A ver- L ow ­

A b ove 6 .0 5  
N o . % 

of of

B elow  6 .0 5  
N o . % 
of of

Sam ­ F lu o­ est age est sam ­ sam ­ sam ­ sam ­
ples rescence found found found ples ples p les ples

15 4 7 .1 6 .8 6 .4 15 1 0 0 .0 0 0 .0
30 3 7 .0 6 .5 6 .1 30 1 0 0 .0 0 0 .0

5 2 6 .9 6 .3 5 .7 3 6 0 .0 2 4 0 .0
25 1 6 .7 5 .8 5 .2 3 1 2 .0 22 8 8 .0
25 0 6 .1 5 .6 5 .2 1 4 .0 24 9 6 .0

cases, opinions concerning the new or second-hand nature of the 
materials were obtained by the inspector a t  the tim e of collec­
tion. To eliminate any possible error, all information received 
from outside sources was disregarded (except d a ta  concerning 
the geographical origin of the foreign cottons), as was the per­
sonal opinion of any member of the staff connected with the 
enforcement of the bedding regulations. Thus the authors 
were not influenced by any preconceived ideas about the new 
or second-hand nature of the samples which were tested but 
were able to base their conclusions directly on the experi­
mental results.

I t  is of the utm ost im portance to  be able to  tell whether a  
sample of white cotton contains second-hand material. Three 
methods of testing are available. The first is the chemical 
test to detect contam ination from body excretions, the second 
is the use of ultraviolet light to  detect some alteration in the 
cotton itself, and the th ird  is the pH  test.

C h e m i c a l  T e s t .  An ideal single chemical determination, 
to distinguish between a sample of new and second-hand 
material, would be one which fulfills the following conditions: 
the results for new cotton should always be negative, and the 
results for second-hand cotton should always be positive and 
sufficiently high to  make the evidence conclusive. So far 
none of the methods available meets the first requirement.

In assessing the relative merits of the chemical determ ina­
tions, reported in this paper, it is evident th a t they are not all 
of equal value. Figures 1 and 2 show the average percentage 
concentration of ammonia, urea, sodium sulfate, sodium chlo­
ride, and phosphate plotted against the intensity  of the violet 
fluorescence.

The authors consider th a t the ammonia determ ination is 
the best of the chemical m ethods which were investigated, as 
it most closely approaches the ideal conditions mentioned 
above. I t  will be seen from Figure 1 th a t, as the intensity  of 
the violet fluorescence decreases, there is an initial gradual 
rise followed by a sharp increase in the concentration of am­

monia. N ext in importance is the sodium sulfate determ ina­
tion. As shown in Figure 2, there is a steep rise in the sodium 
sulfate curve which is similar to the one for ammonia except 
th a t the initial slope is somewhat greater.

The urea and sodium chloride determ inations are of less 
value as, on the average, the concentrations of these com­
pounds vary  within narrower limits. This is apparent from 
a study  of the curves in Figures 1 and 2. As sta ted  above, 

the phosphate determ ination was abandoned after
----------- one hundred analyses had been made.

The standards adopted for ammonia, urea, so­
dium sulfate, and sodium chloride were 0.0125, 
0.0105, 0.255, and 0.135 per cent, respectively. 
In  some samples none of these standards were 
exceeded, while in others excess quantities of one 
or more of these compounds were found. The re­
sults are shown in Table V II. In  group 4,100 per 
cent and in group 3, 98.8 per cent of the samples 
had substandard values in all or all bu t one of the

 ....  four chemical determinations, while in group 1,
97.3 per cent and in group 0, 100 per cent of the 
samples exceeded two or more of these standards. 

Thus when none or only one of the standards is exceeded, the 
sample is not considered to  contain second-hand m aterial by 
the chemical test.

F ig u r e  2

T a b l e  V II. C o r r e l a t io n  b e t w e e n  N u m b e r  o f  C h e m ic a l  S t a n d a r d s  E x c e e d e d  a n d  I n t e n s it y  o f  V io l e t  F l u o r e s c e n c e

S am ples W h ich  E xceed  N o n e , One O nly, T w o  O n ly , T h ree O nly, and A ll Four of A m m onia , U rea, S od iu m  S u lfa te , and
Sodium  C hloride S tandards

T w o  O nly  _  T h ree O nly  A ll F ou rN o n e
N o . of o f V io le t N o . of % of N o . of

Sam ples F luorescence sam ples sam ples sam ples

61 4 59 9 6 .7 2
158 3 139 8 8 .0 17
25 2 12 4 8 .0 3

111 1 1 0 .9 2
45 0 0 0 .0 0

O ne O nly
% o f  

sam ples

3 .3  
10.8 
12.0 

1.8 
0 . 0

N o . of 
sam ples

0
1
1

326

% o f
sam ples

0.0
0.6
4 .0

2 8 .8
1 3 .3

N o . of 
sam ples

0
1
7

42
18

% o f
sam p les

0. 00 .6
2 8 .0
3 7 .9
4 0 .0

N o . of 
sam p les

0
0
2

34
21

% o f
sa m p les

0 .0
0 . 0
8 .0

3 0 .6
4 6 .7
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T a b l e  VIII. C o r r e l a t i o n  b e t w e e n  C h e m i c a l  a n d  F l u o ­
r e s c e n t  T e s t s

In te n s ity  C lassification  b y  C hem ical T e s t“
of V iolet -------------N ew ------------ » ✓------S econ d -H an d ------ »

N o . of F luo­ N o . of % of N o . of % of
S am ples rescence sam ples sam ples sam ples sam ples

61 4 61 1 0 0 .0 0 0 .0
158 3 158 1 0 0 .0 0 0 .0

25 2 15 6 0 .0 10 4 0 .0
111 1 3 2 .7 108 9 7 .3
45 0 0 0 .0 45 1 0 0 .0

°  B ased on resu lts o f am m onia, urea, sodium su lfa te , and  sodium
chloride d eterm inations.

As lias been pointed out, new foreign cottons may have been 
treated with hygroscopic sulfates and/or chlorides. If a 
sample of cotton has been treated with both these chemicals, 
excess amounts of both sodium sulfate and sodium chloride 
will be found and the sample classed as containing second­
hand material by the chemical test. Thus, to say that a 
sample contains second-hand material when any two of the 
four standards are exceeded might be open to some criticism. 
In Table VII, in group 3 one of the 158 samples exceeded 
“any two” standards and one sample exceeded “any three” 
standards. In both these samples the ammonia content was 
below 0.0125 per cent, which means that in neither case was 
the ammonia standard exceeded. For these reasons a sample 
is considered to contain second-hand material according to 
the chemical test when the ammonia and at least one other of 
the three standards are exceeded.

F l u o r e s c e n t  T e s t . The fluorescent test as done in this 
laboratory has been found very satisfactory. In the authors’ 
opinion, a sample is considered to contain second-hand ma­
terial when the intensity of the violet fluorescence is 1 or 0. 
On the other hand, a sample with an intensity of violet fluo­
rescence of 2 might or might not contain second-hand material. 
For this reason group 2 was not included in the correlation 
with the chemical determinations, as the results were valueless 
for choosing the chemical standards. A sample is not con­
sidered to contain second-hand material when the intensity of 
the violet fluorescence is 4 or 3.

Table VIII shows the correlation between the chemical and 
fluorescent tests. In groups 4 and 3, neither test showed the 
presence of second-hand material in any sample. Group 2 con­
tains different types of materials which give approximately 
the same intensity of violet fluorescence. These types can 
readily be separated, under ultraviolet light, into those samples 
which suggest or do not suggest the presence of second-hand 
material. In every case the accuracy of this separation was 
substantiated by the results of the chemical test. In groups
1 and 0, 153 of the 156 samples showred the presence of 
second-hand material by both the fluorescent and chemical 
tests. Thus in 397 of the 400 samples analyzed, when the 
fluorescent test indicated the presence of second-hand ma­
terial, the chemical test indicated the presence of contami­
nation from body excretions. Hence the fluorescent and 
chemical tests are of equal value in detecting the presence of 
second-hand white cotton. However, it is thought that both 
these tests should be made before a sample is graded.

From the results of the experiments on the 400 samples 
which were tested, the authors consider that a sample of white 
cotton contains second-hand material when the following 
three conditions are fulfilled:

1. The intensity of the violet fluorescence is of the order of
2 or less.

2. The concentration of ammonia exceeds 0.0125 per cent.
3. Either the concentration of urea exceeds 0.0105 per cent, the 

concentration of sodium sulfate exceeds 0.255 per cent, or the 
concentration of sodium chloride exceeds 0.135 per cent.

pH T e s t .  T h is  test is thought to be worthy of further in­
vestigation. Unfortunately, the hydrogen-ion concentration 
of. the distilled water used varied markedly and, as yet, the 
effect of this factor has not been studied. In Figure 1, the 
average pH values are plotted against the intensity of the 
violet fluorescence.

One hundred per cent and 9 2  per cent of the samples which 
were not considered to contain second-hand material by the 
fluorescent and chemical tests, respectively, had pH values 
greater than 6 .0 5 .  On the other hand, 9 0  and 9 7  per cent of 
the samples considered to contain second-hand material by the 
fluorescent and chemical tests, respectively, had pH values 
below 6 .0 5 .  Thus, at present, a pH value less than 6 .0 5  might 
be used as confirmatory evidence of second-hand material.

Summary
The chemical, fluorescent, and pH tests to detect the pres­

ence of second-hand white cotton filling materials found in 
articles of bedding and upholstered furniture have been in­
vestigated.

The chemical test is based on the determination of the am­
monia, urea, sulfate, and chloride content to detect contami­
nation of the material from body excretions. From the re­
sults of the experiments on 4 0 0  samples of white cotton, the 
following standards were chosen: ammonia 0 .0 1 2 5  per cent, 
urea 0 .0 1 0 5  per cent, sodium sulfate 0 .2 5 5  per cent, and 
sodium chloride 0 .1 3 5  per cent. Phosphate determinations 
were also made on 100 of the above samples, but no standard 
was chosen, as the results were not significant.

The fluorescent test is a measure of the intensity of the 
violet fluorescence under ultraviolet light. The 4 0 0  samples 
were divided into 5  groups numbered from 4  to 0 , depending 
upon the intensity of the violet fluorescence exhibited.

The pH test is based on the determination of the hydrogen- 
ion concentration of the aqueous extract of a sample of white 
cotton. From the results of the experiments on 1 0 0  samples, 
a pH value of 6 .0 5  was chosen as the tentative standard.

For the detection of second-hand material in a sample of 
white cotton, the chemical and fluorescent tests were found 
very satisfactory. From the preliminary investigation which 
has been made on the pH test, it appears that this test might 
be of value.

A sample of white cotton is considered to contain second­
hand material when the intensity of the violet fluorescence is 
of the order of 2 or less; the concentration of ammonia exceeds 
0 .0 1 2 5  per cent; and either the concentration of urea exceeds
0 .0 1 0 5  per cent, the concentration of sodium sulfate ex­
ceeds 0 .2 5 5  per cent, or the concentration of sodium chloride 
exceeds 0 .1 3 5  per cent.
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C o r r e c t i o n .  In  the paper by Steigman, Birnbaum, and Ed­
monds entitled “Ruthenium Dipyridyl—A New Oxidimetric 
Indicator” [ I n d .  E n g .  C h e m . ,  A n a l .  E d . ,  14, 30 (1942) ] reference 
should have been made to  the paper by Smith and Getz [Ibid., 10, 
191, 308 (1938) ]. The conditions for using the indicator—in 2M  
perchloric acid—were those described by Smith and Getz for 
titrations with 0.1 M  eerie nitrate.

Sylvan  M. E d m o n d s



A Supersensitive Schiff’s Aldehyde Reagent
Dem onstration o f a Free Aldehyde Group in  Certain Aldoses

W A L T E R  C. T O B IE , A m e r ic a n  C y a n a m id  C o ., S ta m fo r d , C o n n .

OF RECENT years, cyclic formulas have been generally 
adopted as best representing many of the known prop­

erties of carbohydrates. At the same time, it is generally 
recognized that certain carbohydrates possess many proper­
ties which indicate that in solution a certain proportion of the 
molecules exist in a straight- or open-chain configuration. In 
the case of aldoses, this implies the presence of a certain pro­
portion of free aldehyde groups. In the present paper, a very 
sensitive form of Schiff’s reagent is described which can be 
used for a direct demonstration of aldehydic groups in simple 
aldoses, and which, conversely, gives a negative reaction with 
ketoses, glycosides, or polyhydroxy alcohols. Monosaccha­
ride aldoses usually react strongly, and the disaccharide al­
doses react rather weakly, so that the test in its present form is 
of limited value for the latter type of compounds.

Ordinary Schiff’s reagent is known to give a positive alde­
hyde reaction with certain aldoses, but the pink color ob­
tained is usually very weak, owing to the presence of consid­
erably more sulfur dioxide than is necessary to decolorize the 
fuchsin, and is often obscured by the brown or yellowish im­
purities which are almost invariably found in samples of com­
mercial basic fuchsin.

P rep a ra tio n  o f  R ea g en t
Add 0.500 gram of basic fuchsin to 500 ml. of water, and pass in 

sulfur dioxide until the weight has increased by 1.0 gram. The 
solution may retain a considerable portion of its red color, but 
this will disappear upon standing overnight in a stoppered con­
tainer, so th a t the last of the suspended fuchsin dissolves. Make 
to a volume of 1 liter. The solution will have a brown discolora­
tion due to traces of impurities which are always present in com­
mercial fuchsin. To remove the discoloration, add 1.0 gram of 
decolorizing carbon, agitate, and filter by gravity, keeping the 
filter covered with a watch glass to prevent undue contact with 
the air. If a suitable decolorizing carbon has been used, the fil­
trate will be completely colorless. Satisfactory brands of fuchsin 
and carbon are considered under “Reproducibility of the Re­
agent”. A less sensitive form of the colorless reagent, containing 
5.0 grams of sulfur dioxide per liter and adapted for the deter­
mination of aldehydes in distilled alcoholic liquors, has been 
previously reported (8, 9).

D eterm in a tio n  o f  F ree A ld eh yd e G roups in  S im p le  
A ldoses

Before the reagent is used for testing unknowns, control tests 
should be run against pure samples of glucose (dextrose) and su­
crose. To 0.2-gram portions of the carbohydrates in 7.5-cm. (3- 
inch) test tubes, add either 1.0 or 2.0 ml. of the reagent. The 
reagent should be pipetted accurately, and the carbohydrates 
weighed on a centigram balance or a sensitive decigram balance. 
Let the tubes stand a t room temperature with occasional swirling 
to dissolve the carbohydrates. After one hour, the tubes con­
taining dextrose show a light but distinct pink color, while those 
containing sucrose remain completely colorless. If desired, the 
test may be allowed to run for only 15 or 30 minutes, but in this 
case positive reactions (pink color) are correspondingly weaker. 
The colors continue to darken for about 24 hours, but after this 
time a pink color appears in the sucrose controls.

The regular determination is run in exactly the same fashion. 
One milliliter of reagent generally gives a more intense pink color 
with any given aldose than do 2 ml., since there is only half as 
much sulfurous acid present in proportion to the small amount of 
free aldehyde present. However, the use of 2 ml. is probably pref­
erable, since it diminishes the weak positive tests obtained with 
carbohydrates other than simple aldoses, and permits d-galactose 
to dissolve completely. Certain compounds are relatively in­
soluble in both 1 and 2 ml. of the reagent, but since their reactions 
are essentially negative, this is of minor importance. If 1 ml. is 
used, it is desirable to run a test on glucose each time the test is

made and to regard pink colors weaker than tha t obtained with 
the glucose as negative” as regards the presence of simple al­
doses.

R e a c tio n s  o f  C arb oh yd rates a n d  G lu co sid es

The results in Table I show that simple aldoses give a dis­
tinct positive reaction (pink color) with the reagent. Aldo- 
pentoses give a stronger color than aldohexoses. Glucose 
gives the weakest reaction of any of the simple aldoses tested. 
The intensities of the pink colors developed are approximately 
proportional to the concentrations of free aldehyde groups in 
solutions of the simple aldoses determined polarographically 
by reduction at a dropping mercury electrode by Cantor and 
Peniston (1). Both the polarographic determinations and 
the tests with Schiff’s reagent indicate that the concentration 
of free aldehyde is considerably lower in glucose solutions than 
in equivalent solutions of other common simple aldoses. On 
this basis, a test with a pure unknown giving a color weaker 
than that obtained with glucose should be regarded as a nega­
tive test for simple aldose.

The weak “false” positive reactions may be variously inter­
preted. Possibly in the case of certain aldose disaccharides 
(maltose, melibiose, cellobiose, and lactose) the reactions are 
due to very low concentrations of the disaccharides in the 
free-aldehyde condition. They might also be due to the pres­
ence of traces of simple aldoses, either primarily present as a 
slight impurity in the compounds, or produced secondarily by 
hydrolysis of the compounds with the sulfurous acid of the 
reagent. Of the sixteen compounds tested (other than simple 
aldoses) only maltose gave a strong enough false positive to 
be misleading. I t  is hoped that there will be opportunity at 
a later date to study the compounds which react weakly and 
possibly to develop a reagent which will react to even lower 
concentrations of free aldehyde than the present one.

Except for the i-inositol monohydrate which was manufactured 
by Pfanstiehl, all the compounds tested were prepared by the 
Difco Laboratories, Inc., for use in the differentiation of various 
microorganisms by fermentation reactions, and therefore were of 
high commercial purity.

T a b l e  I .  I n t e n s i t y  o p  P i n k  C o l o r  P r o d u c e d  b y  S u p e r -  
s e n s i t i v e  S c h i f f ’s  A l d e h y d e  R e a g e n t  

(A fter  one hour a t  room  tem perature, 2 5° to  3 0 °  C .)
In te n s ity  o f P in k  C olor

C om pound

Z-Arabinose 
Z-Xylose 
R ham nose  
d-M annoso  
d -G alactosc  
d-G lucose  
M altose  
M elibiose  
C ellobiose  
L actose  
M elezitose  
d-Sorbitol 
T rehalose  
S alicin  
D u lcito l 
L evu lose  
Sucrose  
R affinose 
Inu lin  
E scu lin  
cf-M annitol 
t- Inosito l 

h yd rate  
® Com pound

C hem ical T yp e

A ldopentose
A ld opentose
M eth y la ld opentose
A ldohexose
A ldohexose
A ldohexose
D isaccharide
D isaccharide
D isaccharide
D isaccharide
T risaccharide
P olyalcoh ol
D isacch aride
G lucoside
P olya lcoh ol
K etohexose
D isaccharide
T risaccharide
Polysacch arid e
G lucoside
P olyalcoh ol
P o lya lcoh ol

1 m l. of reagen t 2 m l. of reagen t

In ten se
In ten se
V ery strong
V ery stron g
Strong®
L igh t
F a in t
Faint®
F a in t0
Faint®
F a in t
V ery fa in t
V ery fa in t
V ery  faint®
V ery faint®
C olorless
C olorless
C olorless0
C olorless0
Colorless®
C olorless“
Colorless®

V ery  stron g
Strong
L igh t
L igh t
L igh t
F a in t
F a in t
V ery fa in t
V ery faint®
V ery faint®
V ery fa in t
C olorless
C olorless
Colorless®
Colorless®
C olorless
C olorless
Colorless®
Colorless®
Colorless®
C olorless
Colorless®

w holly  or p artly  in solu b le in  th e  a m o u n t of reagen t used.
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T a b l e  I I .  R e l a t iv e  I n t e n s it y  o p  P in k  C o lo r  O b t a in e d  
w it h  B a s ic  F u c h s in  a n d  C a r b o n

(R eaction  w ith  0 .2  gram  of D ig estiv e  F erm ents Co. g lucose d isso lved  in  1 m l. 
of reagent a t a room  tem perature of 24 °  C .)

R eagen t
N o. F u chsin

Gram s 
of SOa C arbon

In ten sity  
of P ink

1 N ation a l A niline and 1 .3 N orit A M oderate
2 C hem ical C o., 89%  d ye 1 .3 N uchar P a lest
3 con ten t, certification 1 .0 N orit A M od erate
4 N o . N F  31 1 .0 N uchar M oderate
5 1 .0 E im er <fc A m end M oderate
0 1 .0 D arco S-51 M oderate

7 N ation a l A nilin e and 1 .0 N orit A M oderate
8 C hem ical C o., 94%  dyo 1 .0 N uchar M od erate

9

con ten t, certification  
N o. N F  29

M erck’s m edicinal, con­ 3 .4 N orit A L igh t
10 trol N o . 30,287 3 .4 N uchar L igh t
11 * 1 .0 N orit A Strong
12 1 .0 N uchar Strongest

R ep ro d u c ib ility  o f  R e su lts

In  order to  dem onstrate the reproducibility of the reagent, 
twelve different lots were prepared, employing different fuch- 
sins and different decolorizing carbons. The results of tests 
upon pure glucose (Difco Laboratories, Inc., dextrose, Lot 
No. 316,282), given in Table I I ,  indicate th a t various com­
binations of carbon and fuchsin can be used successfully with 
b u t minor variations in the am ount of color produced. They 
also indicate th a t an increase in the am ount of sulfur dioxide 
tends to  reduce the sensitivity of the reagent, although the 
carbon used m ay be a  secondary factor in modifying the sen­
sitivity.

The Norit A was marketed by the Pfanstiehl Chemical Co. 
The Nuchar was sold by the Eastman Kodak Co., reagent No. 
776. The Eimer and Amend carbon was an 8- to 14-mesh 
activated coconut charcoal. I t  was used in an attem pt to obtain 
more rapid filtration and reduce the time of exposure to the air, 
but the rapidity of filtration was not increased, and the amount of 
carbon had to be raised to 7 grams to obtain a completely color­
less reagent.

Both samples of National Aniline and Chemical Co. basic 
fuchsin had been certified by the Commission on Standardization 
of Biological Stains, but nevertheless their solutions showed a con­
siderable brown color after treatm ent with sulfur dioxide. A 
fuchsin which would not show this discoloration when reduced to 
the leuco condition in solution would permit the preparation of a 
very sensitive SchiS’s reagent without the necessity for carbon 
treatment.

M any other varieties of basic fuchsin and carbon can un­
doubtedly be employed, although it m ay be necessary to  make 
slight changes in the am ount of sulfur dioxide and carbon. 
Commercial fuchsins not only vary  somewhat in the chemical 
composition of the dye, b u t also vary  from about SO per cent 
to  95 per cent in true dye content as p u t on the m arket. 
Thereafter they frequently slowly deteriorate with age, with 
^he formation of a brownish water-soluble m aterial and a 
black water-insoluble m aterial (9). Therefore each new lot 
o f the reagent should be carefully standardized against glucose 
and sucrose. I t  is also a good plan to run  a blank w ithout any 
carbohydrate present. Any development of color in the 
blank, particularly a  deeper pink in the topm ost layer than  in 
the deeper portions of the mixture, indicates th a t the sulfur 
dioxide content of the reagent is too low and th a t atmospheric 
•oxygen or possibly evaporation is restoring the color of the 
fuchsin.

When properly prepared, the reagent is extremely stable. The 
results in Table I were obtained with a reagent prepared from the 
National Aniline and Chemical Co., basic fuchsin certification No. 
N F  29, 94 per cent total dye content, and decolorized with Norit 
A iron-free decolorizing carbon (Pfanstiehl). I t had been stand­
ing in a nearly full, colorless, glass-stoppered bottle for 13 months, 
exposed to diffuse daylight and laboratory temperatures of 20° to 
■35° C.

D iscu ss io n

Schiff's aldehyde reagent has seldom been used in testing 
carbohydrates for aldehydic groupings, although i t  has oc­
casionally been employed to  determine the presence of oxy- 
cellulose in cellulose (S, 4). Some standard  textbooks even 
sta te  th a t the reagent does not react w ith glucose or other 
simple aldoses (6 , 7, 10). This is probably due to the fact 
th a t as ordinarily prepared the reagent is relatively insensitive. 
The more sensitive reagent here described should be useful in 
routine qualitative testing of carbohydrate unknowns in  labo­
ratory  instruction, as well as in research. I t  m ay also be 
used in a striking lecture dem onstration of the presence of free 
aldehydic groups in solutions of aldoses, by  applying the test 
to  glucose on a large scale, w ith sucrose as a  control.

No originality is claimed for the use of carbon as a  de­
colorizing agent for reagents containing leuco basic fuchsin. 
I t  has been so used by other workers (2, 5), b u t seems no t to 
have a ttracted  general attention.

In  its present form, the test is satisfactory for simple aldoses, 
maltose being the only other common carbohydrate giving a 
strong enough pink color to interfere. The author hopes 
later to  develop the m ethod further to perm it the detection of 
the very small am ounts of free aldehyde in solutions of sub­
stitu ted  aldoses in a more definite fashion. Some of the  com­
pounds recorded as giving a negative (colorless) reaction or a  
faint false positive test, in Table I, showed an appreciable pink 
color in  the still undissolved solid shortly after addition of the 
reagent b u t lost this color when all.the solid had dissolved.
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Stable Sodium  Thiosulfate and 
Starch Solutions

JA C O B  E IIR L IC II  
153 S o u th  D o h e n y  D riv e , B ev er ly  I l i l l s ,  C a lif.

A0.1 N  sodium thiosulfate solution th a t will retain  its 
original tite r  approxim ately 5 m onths is readily pre­

pared by combining 0.05 per cent sodium hydroxide and 0.1 
per cent sodium benzoate as preservatives.

A stable starch solution, essentially the preparation of the 
Association of Official Agricultural Chemists, modified by the 
addition of sodium benzoate, has the composition: 0.6 per 
cent soluble starch, 0.1 per cent sodium hydroxide, 0.3 per 
cent potassium iodide, and 0.1 per cent sodium benzoate. In 
an  iodometric titra tion  1 cc. of this solution is sensitive in a 
volume of 200 cc.



Analytical Classes of Cannabinol Compounds 
in Marihuana Resin

C H A R L E S C. F U L T O N 1, A lc o h o l T ax U n it  L ab o ra to ry , U . S . T rea su ry  D e p a r tm e n t , S a in t  P a u l, M in n .

IN  1896 Wood, Spivey, and Easterfield isolated from can­
nabis resin a toxic “red oil” , seemingly a definite chemical 

compound, which they nam ed “cannabinol” (24). In  1899 
they isolated a  pure compound from the red oil (as the crys­
talline acetate) and transferred to  it  this name, cannabinol 
(25). Their own work, and th a t of Cahn in 1931 (11) showed 
th a t the “ crude cannabinol” was not ju st an impure form of 
pure cannabinol, b u t rather a m ixture of closely related com­
pounds. Other authors, however, especially before 1931, 
continued to  refer to the complex of related compounds as 
cannabinol (11). B latt, in reviewing the literature in  1938. 
used “crude cannabinol” intentionally as a collective name 
for these compounds (9).

In  this paper all the compounds of the resin, whether they 
go into the distilled red oil or not, which are closely related to 
cannabinol, are referred to  collectively as “cannabinol com­
pounds” .

In  1940 Adams, H unt, and Clark reported the isolation of 
Another of these related compounds, naming it “ cannabidiol” 
(2). Jacob and Todd have isolated still another, calling it 
“ cannabol” (17). Pure cannabinol and cannabidiol are stated  
not to  have the specific narcotic effect of m arihuana, bu t 
Adams and his co-workers have shown th a t cannabidiol 
isomerizes to  tetrahydrocannabinol (which dehydrogenation 
converts to  cannabinol), and th a t this compound, and also 
hexahydrocannabinol, do have “m arihuana activ ity” (3, 4 ,6 ).

E xtractive S ep aration s
All the work mentioned above was done on the distilled 

product. In  1913 a German paten t issued to  F. Hoffm ann-La 
Roche & Co. gave the  division of the resin into parts, distin­
guished from each other in their poisonous and narcotic prop­
erties, by  means of an  organic solvent immiscible with water 
and aqueous alkali (15). Casparis recognized the division of 
hashish resin into two parts, obtained by shaking the petro­
leum ether extract w ith aqueous sodium carbonate solution, 
but considered th a t the sodium carbonate solution removed 
“acid, inert substances” , which constituted "up  to  50 per 
cent” of the resin (13). Nickolls, on the  other hand (though 
basing his rem arks only on.the acid Beam test), writes as if the 
aqueous alkali should be regarded as containing the active 
principle (22). Cahn tried the separation, b u t his m aterial 
contained very little of the alkali-soluble compounds (5 per 
cent or less) and he used the process only as a  preliminary to  
distillation (11).

As a m atte r of fact both  parts contain cannabinol com­
pounds, and th e  separation is of param ount value. However, 
■except for the water-soluble quebrachitol (6, which does not 
require alkali for its extraction) the substances th a t have been 
identified in the  red oil would all be in the petroleum ether. 
The colorless cannabinol compounds soluble in aqueous alkali 
do not distill as such, for they are readily altered by heat to 
alkali-insolubility. Hence, the extractive separation has 
little value as a mere preliminary to  distillation; and distill­
ation has little  or no value for the study of the  alkali-soluble 
cannabinol compounds.

M yttenaere has done considerable work on extractive 
separations (19, 20, 21). Possibly this has been neglected 
because he calls th a t  p a rt of the petroleum ether extract in­
soluble in aqueous alkali “ the alcohol” , as distinguishing it

1 Present address, Alcohol Tax Unit Laboratory, 727 New Post Office 
Bldg., Chicago, 111.

from the alkali-soluble phenols; and yet the known com­
pounds cannabinol and cannabidiol, which have had their 
formulas established as phenols, both have the property of 
insolubility in aqueous alkali. All the cannabinol compounds 
are phenolic; and if some of them are also alcohols they are 
the ones soluble in aqueous alkali. Nevertheless M yttenaere’s 
work has great value. He separates the alkali-soluble part 
primarily into two parts, calling them “phenol I ” and “phenol 
I I ” (19), and gives some inform ation about a "phenol I I I ” , ap­
parently  an oxidation product of “phenol I I ” (20, 21). F ur­
ther reference is made below to the M yttenaere separation and 
nom enclature.

C lassifica tio n  o f  C olorless C an n ab in o l C om p ou n d s

Solutions of fairly fresh resin in ethyl or isopropyl alcohol, 
or ethyl acetate, are readily decolorized completely by acti­
vated  charcoal (23), and then still contain the greater p art of 
the  cannabinol compounds originally present. The writer 
here presents a classification of the colorless cannabinol com­
pounds into four distinct kinds. There are also yellow or 
brown colored cannabinol compounds naturally  present in the 
resin, especially when it  is old. These are probably oxidation 
and perhaps decomposition products of the colorless com­
pounds.

T he compounds in question give similar reactions in a num ­
ber of tests, which in this paper are called “cannabinol re­
actions” . These include the Gham rawy test (with p-dimeth- 
ylaminobenzaldehyde in sulfuric acid, 16), the Duquenois 
and M oustapha test (with vanillin, acetaldehyde, and hydro­
chloric acid, 14), the mercuric sulfate te s t (as modified by the 
writer, originally suggested by Duquenois and M oustapha, 
14), the writer’s diazo tests, and others. Phenols commonly 
react in such tests as these.

T he alkaline Beam test (7) is of a  different kind from those 
just mentioned. Some cannabinol compounds give this te s t 
and some do not. Cannabidiol is the known compound 
yielding it  (2); cannabinol and cannabol do not give it  (17), 
nor do the physiologically active tetrahydro- and hexahydro- 
cannabinols (5).

Cannabidiol constitutes a t  least 45 to  50 per cent of the 
purified red oil from M innesota wild hem p (6). In  the 
writer’s experience, individual wild hemp plants invariably 
give the alkaline Beam test, even as tiny  seedlings. M ore­
over, even with separation of the resin into different parts, the 
depth  of the purple color in a suitable form of this te s t (such 
as potassium hydroxide in isopropyl alcohol) usually still 
correlates closely to  the depth  of color obtained in a  diazo 
test or other cannabinol reaction on the same portion. Adams, 
Pease, and Clark isolated some cannabinol from M innesota 
resin, b u t it is certainly a  very minor constituent in our wild 
hemp. The cannabinol compounds present m ust nearly all 
be such as give the  alkaline Beam test.

On the other hand it is easily dem onstrated th a t in the resin 
from hemp of M anchurian origin (which is occasionally grown 
in this district) m ost of the  cannabinol m aterial consists of 
compounds not yielding the alkaline Beam test. W ith some 
samples of marihuana, or some plants of M anchurian hemp, 
the test has been completely negative, even though the can­
nabinol reactions were very strong. In  most plants of the 
variety, however, both kinds of cannabinol compounds are 
present; the alkaline Beam, or a t  least the  related and more
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sensitive Bouquet test (10), is positive, but, by  comparison 
with the cannabinol reactions very weak. The resin of our 
M anchurian hemp is probably of similar average composition 
to th a t from which cannabinol was first isolated, and to  th a t 
of the Egyptian Cannabis indica from which Jacob and Todd 
isolated cannabinol, cannabidiol, and cannabol (17).

There are a t least two distinct “chemical varieties” of hemp, 
though neither is a  pure race in producing only one type of 
cannabinol compound. Their differences do not depend upon 
climate, for both grow in M innesota. Both the M anchurian 
and the wild hemps are used by m arihuana addicts for smok­
ing.

The two kinds of cannabinol compounds, as differentiated 
by the alkaline Beam test, in the alkali-soluble p art of the 
resin can be separated more or less successfully by M ytte- 
naere’s method. However, the writer did not originally de­
pend on this, but on wild hemp for the reactive compounds, 
and on selected samples or plants of M anchurian hemp for 
resin containing the nonreactive compounds v irtually  free of 
the reactive.

W hen a petroleum ether solution of the resin from either 
type of p lant is shaken with aqueous alkali or sodium car­
bonate solution, i t  is separated into two parts. By extracting 
with several portions of alkali, which are in tu rn  shaken with 
a  little fresh petroleum ether, the separation is m ade complete. 
The p art extracted by alkali consists almost entirely (as far as 
the writer can determine) of cannabinol compounds, even 
though no such compound has yet been definitely isolated as 
a  chemical individual and named. The petroleum ether 
retains cannabinol compounds insoluble in alkali (which in­
cludes those th a t have been isolated from red oil), and also the 
essential oil, the paraffin hydrocarbon, and (if an  undecolor­
ized extract is used) nearly all of the chlorophyll.

Designating the cannabinol compounds soluble in  aqueous 
alkali as I, and those remaining in the petroleum ether as I I , 
this analytical distinction by solubilities is independent of the 
distinction between the classes of cannabinol compounds re­
active (RAB) and nonreactive (NRAB) in the alkaline Beam 
test. Thus there are four kinds of colorless cannabinol com­
pounds: I-RAB, I-NRAB, II-RA B, and II-N R A B . The 
II-RA B m aterial reacts more quickly and readily than  I-RAB 
in the alkaline Beam test, b u t by using the test of potassium 
hydroxide in isopropyl alcohol ju st as strong a purple is ob­
tained, more gradually, from a similar am ount of I-RAB.

A color test which distinguishes I  from I I  in the cannabinol 
compounds is made with ferric chloride in m ethyl alcohol. 
The colors obtained with I  compounds—green, blue, red—are 
suggestive of o-diphenols; bu t the writer has recently found 
th a t the m-diphenol resorcinol can be made to  give a  similar 
test, though less sensitive and with the red color (on addition 
of ammonium acetate) much more transitory. The I I  can­
nabinol compounds give negligible reactions (if any).

The fourfold classification is doubly confirmed. T he dis­
tinction between I  and I I  compounds by solubilities is con­
firmed by a color test; and the distinction by the Beam test 
between reactive and nonreactive compounds is not merely 
analytical, b u t relates to  the type of cannabinol compounds 
predominating in the resin of d istinct races of hemp.

C h a n g e  o f  C om p ou n d s fro m  S o lu b ility  to  In so lu ­
b ility  in  A lk ali

The writer discovered th a t the cannabinol compounds 
soluble in aqueous alkali change readily to  insolubility, if 
heated or even on long standing a t  room tem perature.

T he best laboratory conversion found is by refluxing in ab­
solute m ethyl alcohol for 12 hours or so. A small quan tity  of 
colorless compounds soluble in aqueous alkali, say 0.1 gram, 
is m ostly converted to alkali-insoluble by  this procedure, with

scarcely any development of color. The ferric chloride test 
is destroyed, bu t the cannabinol reactions remain almost un­
changed. Laboratory manipulations such as concentration 
of an extract, or evaporation of a  solvent and heating of the 
residue on the steam  bath, always convert some of the I  com­
pounds to  II.

Purified red oil is distilled a t  175° to 190° under 2-mm-. 
pressure (2). Even w ithout the reduced pressure, which prob­
ably assists the change, conversion takes place gradually a t  
much lower tem peratures. The writer has not personally 
distilled red oil, but there is little  prospect of finding any of 
the alkali-soluble cannabinol compounds in it.

Johns of Iowa S tate College studied m arihuana extracts 
briefly and on a small scale, a t  the same tim e as the writer’s 
first conversion experiments, and he also discovered the 
change. H e separated decolorized resin into two parts with 
petroleum ether and aqueous alkali, and after acidifying re­
extracted the la tte r p art w ith petroleum ether. Thus two 
residues in similar condition were obtained by evaporating 
the petroleum ether. The alkali-insoluble compounds dis­
tilled readily under a  good vacuum, bu t the  alkali-soluble com­
pounds gave off a gas, probably water, m aking i t  difficult to 
m aintain the vacuum, and then distilled as alkali-insoluble 
(18).

In  fresh or recently air-dried m arihuana itself th e  com­
pounds soluble in aqueous alkali predominate, b u t after i t  is 
several years old the alkali-insoluble compounds predominate. 
Obviously some, a t  least, of the alkali-insoluble compounds 
are not produced as such by  the  plants, bu t are formed in­
directly from the alkali-soluble compounds. In  the w riter’s 
opinion all the cannabinol compounds insoluble in alkali have 
th is origin. The essential oil (terpene and sesquiterpene) and 
paraffin hydrocarbon (chiefly n-nonacosane) are, of course, 
insoluble in aqueous alkali from the start.

Simply by extracting fresh m arihuana with alcohol and 
treating  with activated charcoal the writer has obtained de­
colorized resin, 90 per cent of which was soluble in aqueous 
alkali, and a substantial p art of the remaining 10 per cent was 
paraffin hydrocarbon. Color tests have indicated only traces 
of the alkali-insoluble cannabinol compounds in decolorized 
resin from fresh young plants.

However, the sta tem ent th a t the  alkali-soluble compounds 
predominate in fresh resin relates only to  the cannabinol com­
pounds in the  two parts. In  the whole, undecolorized resin 
the am ount of alkali-soluble compounds m ay not be greater 
than  the to ta l of alkali-insoluble compounds of all kinds. 
A ctivated charcoal does remove relatively more alkali- 
insoluble material, b u t i t  is chiefly n-nonacosane, chlorophyll, 
etc.

In  the  past the im portance and am ount of the alkali-soluble 
compounds have been greatly undervalued, for the following 
reasons:

1. I t  has not been realized th a t the alkali-soluble compounds 
are cannabinol compounds, closely related to the most important 
known compounds of the insoluble part.

2. I t  has not been realized th a t alkali-soluble material may 
become insoluble during laboratory manipulations and does 
slowly become insoluble as the marihuana ages.

3. Paraffin hydrocarbon constitutes a fairly large part, in 
fresh resin even the greater part, of the alkali-insoluble material; 
whereas the alkali-soluble part consists of cannabinol compounds 
comparatively free from unrelated compounds.

4. Petroleum ether has generally been used to extract the resin 
from the crude drug; but some of the alkali-soluble compounds 
are already combined with alkali in the plant itself, and so are 
not extracted directly by petroleum ether, without acidification.

Despite the last, and possibly the second, of the  foregoing 
factors, Casparis noted th a t up to 50 per cent of the resin was 
soluble-in sodium carbonate solution, and M yttenaere gives 
an  analysis of charas which was 65 per cent soluble in aqueous 
alkali (20).
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The writer has tried to  determine the relative proportion 
of the alkali-soluble and -insoluble cannabinol compounds in 
the whole resin of fully m ature plants, using the diazo color 
reaction. The alkali-insoluble cannabinol compounds were 
separated from m ost of the paraffin hydrocarbon with 90 per 
cent m ethyl alcohol, in which the paraffin is b u t slightly sol­
uble. Colored compounds made the determ ination somewhat 
inaccurate, b u t as well as could be determined, in resin from 
freshly cu t plants late in the fall the alkali-soluble compounds 
account for close to  90 per cent of the to ta l cannabinol com­
pounds present.

The resin m ostly coats the outside of the upper leaves, 
twigs, and flowers, so th a t this much alkali-insoluble m ay 
easily be formed from alkali-soluble out in the field, under the 
heat of the summer sun. The available facts indicate th a t 
most, and probably all, of the alkali-insoluble cannabinol 
compounds are formed only indirectly; th a t the compounds, 
soluble in  alkali and no t found in the  distilled red oil, are the 
cannabinol compounds actually  formed by the plants.

Unless there is some further change on distillation, the ex­
tracted  II-N RA B m ust consist largely of cannabinol, and
II-RAB m ostly of cannabidiol. Then I-NRAB and I-RAB 
m ust be largely or even entirely the precursory of cannabinol 
and cannabidiol, respectively. I t  is certain th a t the hemp 
plants form a t  least two chemically distinct cannabinol com­
pounds, b u t whether or not more than  two are formed initially 
has not yet been determined. I-NRAB and I-RAB m ay each 
be fundam entally a single compound, w ith a  small p art (es­
pecially of I-NRAB) combined as a  glucoside. (Such a  glu- 
coside probably accounts for the original acid Beam test.) 
However, remembering th a t the cannabinol compounds of 
red oil behave in  m ost ways like a single compound and were 
.at first m istaken for a chemical individual, i t  is possible th a t 
both I-NRAB and I-RAB are similarly complex.

P robable N a tu re  o f  P recu rsors o f  C a n n a b in o l and  
C an n ab id io l

In  1933 Cahn discussed the  possibility, suggested by  his 
experiments on synthetic compounds, th a t a phenolic alcohol 
may be precursor to  cannabinol (IS). H e had observed no 
formation of water during the distillation of the high-boiling 
fractions, and concluded therefrom th a t cannabinol is not 
iormed during this process bu t had existed in his crude resin. 
His conclusion was probably correct, b u t does not follow as to  
fresh resin. H is resin was almost entirely insoluble in alkali 
(11). The change discussed here had already taken place.

Cannabidiol was first form ulated as an  o-diphenol (S), b u t 
the formula now recognized, (A), has the two phenol groups 
meta to one another, as in resorcinol (3). I t  is therefore con­
sidered much more likely th a t the precursors of cannabinol 
-and cannabidiol are a t  the tim e alcohols and m-diphenols, 
rather than  o-diphenols. If  this is the case, the formula for 
the precursor of cannabinol is (B). The established formula 
for cannabinol itself is (C) (1).

<A)

CH, OH

- ^ > - C B „ ( n )

C = CHa 

CH,

OH

CH, OH

<B) \ S V  / /  

' 'b —OH ¿H  

¿ H s 'c H ,

-C*Hn(n)

(C) -CsH„(n)

This accords with Johns’ observation on the distillation of 
compounds soluble in aqueous alkali, and also with C ahn’s 
observation th a t synthetic phenol-alcohols of type D are 
partly  dehydrated by distillation a t  30 mm. (IS).

(D)

The only point not explained is th a t cannabidiol, which is 
certainly a m-diphenol, does no t give the ferric chloride test. 
However, this test is linked in some way to  solubility in aque­
ous alkali, and the  alkali-insoluble compounds do no t have 
this solubility even though phenol groups are certainly pres­
ent.

S ep a ra tio n s
T he resin is best extracted from the m arihuana with ethyl 

or isopropyl alcohol. Unless a quantita tive study  is desired, 
i t  is best to  remove the chlorophyll w ith activated charcoal. 
W ith fresh m arihuana a colorless solution can thus be ob­
tained. However, in  the case of old m arihuana th e  resin it­
self has turned brown, and the  solution cannot be decolorized 
w ithout the loss of nearly all the resin. Instead of attem pting 
complete decolorization, ju st enough charcoal should be used 
to  remove the chlorophyll, and the procedure continued with 
brown resin when necessary.

Dilute the alcoholic extract with two or three times as much 
water, acidify with hydrochloric acid, and extract with petroleum 
ether. The concentration of resin in solution can be increased 
a t this step. This is better, than trying to obtain a highly con­
centrated alcoholic extract from the crude drug.

M ost of the resin, whether colorless or brown, readily dis­
solves in  the petroleum ether; b u t a small am ount of yellow- 
brown compounds m ay not be extracted. M yttenaere dis­
tinguished as “phenol I I I ” a small p a rt of the resin relatively 
insoluble in petroleum ether, b u t readily soluble in  aqueous 
alkali (SO). I t  is probably some of this same m aterial which 
is more soluble in  diluted alcohol than  in  petroleum ether. 
Chloroform extracts i t  readily. In  M yttenaere’s experiments 
(SI)  it seemed to  be an  oxidation product of his “phenol I I ” 
here called I-RAB.

Extract the petroleum ether solution with aqueous alkali, using 
a generous volume of alkali solution, and four or five shake-outs. 
This easily separates I compounds from II. The writer uses a 
2 per cent sodium hydroxide solution, recently boiled to remove 
oxygen. Sodium sulfite (2 per cent) is also helpful to prevent 
oxidation. Without these precautions there is likely to he con­
siderable production of the alkaline Beam purple color during the 
extraction. This color results from a mild oxidation. The 
purple compound is soluble in aqueous alkali and insoluble in 
petroleum ether (until acidified), even when formed from II- 
RAB. Some of the yellow-brown compounds are probably simi­
lar oxidation products of the cannabinol compounds.

W ith old brown resin some m aterial collects a t  the  interface, 
insoluble in  both  layers and dark  brown in color: compounds 
th a t combine with the alkali, b u t do n o t thereby become 
sufficiently soluble in water. This difficulty does no t occur 
with fresh resin.

Remaining in  the petroleum ether along w ith th e  alkali- 
insoluble cannabinol compounds are the  essential oil and par-



affin hydrocarbons. The cannabinol compounds can be 
separated, with some difficulty, from the others by extracting 
with 75 per cent ethyl alcohol, the hydrocarbons remaining in 
the petroleum ether. This alcoholic extract will contain both 
II-RA B and II-N RA B, if both were present in the resin. No 
way has yet been found of separating them  by mere extraction.

The aqueous alkali solution contains I-RAB and I-NRAB. 
By shaking with ethyl ether the I-NRAB goes into the ether, 
the I-RAB remaining in the alkali. The ether used should be 
free of peroxides.

This last separation is due to M yttenaere (19). I-NRAB 
corresponds to  his “phenol I ” and I-RAB to his “ phenol I I ” . 
This is a  valid separation b u t'it is difficult to m ake it absolute. 
E ther extracts even the I-RAB from carbonate solution, bu t 
the separation is fairly good with 2 per cent sodium hydroxide. 
Possibly there are several different related compounds in both 
portions, and this m ay cause some of the difficulty.

Shake the ether extract with dilute hydrochloric acid to free the 
I-NRAB from its alkali combination. Filter to remove droplets 
of water and evaporate the solvent without much heating.

If selected marihuana was used, containing only RAB or only 
NRAB, the step of ether extraction can be omitted. If only 
NRAB compounds are present they can be extracted like the 
RAB compounds in the following step.

Acidify the aqueous layer and extract the I-RAB with low- 
boiling petroleum ether. Filter and evaporate the solvent with­
out much heating. This portion, as well as the mixed II  com­
pounds, is, according to Dautrebande, physiologically active (SO).

Some yellow colored material may remain unextracted by the 
petroleum ether. I t  is easily shaken out with chloroform, and is 
no doubt the same as Myttenaere’s “phenol I I I ” .

C onversions
Isolates of II-RA B and II-N RA B are best obtained by  con­

version.

Dissolve I-RAB and I-NRAB separately in absolute methyl 
alcohol and reflux for about 12 to 20 hours over a small flame. 
Then dilute the methyl alcohol with water, acidify slightly, and 
extract with petroleum ether. Shake the petroleum ether solu­
tion with aqueous alkali to remove unconverted alkali-soluble 
compounds, as well as any unrelated compounds extracted by 
alkali and not converted to insolubility. Wash with a little acidi­
fied water, filter, and evaporate the solvent. The writer’s ex­
periments have mostly been on a small scale. Conversion of 0.1 
to 0.2 gram in 50 cc. of methyl alcohol is almost complete.

By this means II-RA B and II-N RA B can be isolated free 
from extraneous m atter. I t  seems probable th a t each is a 
complex of closely related compounds. This is a  controlled 
conversion th a t just produces the change from alkali-solu- 
bility to  alkali-insolubility. Possibly vacuum  distillation 
produces further changes. Presumably, however, II-RA B 
is mostly cannabidiol and II-N RA B largely caimabinol.

T h e  C olor R ea c tio n s
Following are specific directions for the color tests as made 

by the writer, with mention of the results given by the sepa­
ra ted  classes of cannabinol compounds.

G iia m r a w y  T e s t  (M o d if ie d ). Evaporate the solvent from a 
little of the resin in a casserole. Remove from the steam bath and 
treat with 1 cc. of NVasicky’s reagent, 3 grams of p-dimethyl- 
aminobenzaldehyde in 100 cc. of 87 per cent sulfuric acid (85 vol­
umes of concentrated sulfuric acid to 15 volumes of water). A 
color more or less orange is produced, quickly becoming intense 
scarlet, then gradually intense purplish red. Let stand about 30 
minutes. Dilution with water changes the color to pure deep 
blue, which gradually fades on standing. Dilution may be made 
with only 3 cc. of water, and the color extracted with 1 cc. or 
more of benzyl alcohol, or instead of water, 9 or 10 cc. of concen­
trated ammonium acetate solution (75 grams per 100 cc. of water) 
may be added to the sulfuric acid solution. The color is changed 
through blue to green. Shake with 1 to 1.5 cc. of amyl alcohol. 
The solvent becomes an intense deep green.

The Ghamrawy test is very sensitive. I t succeeds with the 
brown cannabinol compounds in addition to the colorless, and
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shows little variation with the different classes of colorless com­
pounds.

D ia zo  T e s t  A. To 1 cc. of ethyl or isopropyl alcohol solution 
of the resin add 5 cc. of sulfanilic acid solution (1.5 grams of pure 
sulfanilic acid in 490 cc. of water and 10 cc. of concentrated hydro­
chloric acid). Note the amount of resin thrown out by the dilu­
tion (when the concentration is not otherwise known). Add a 
small pinch of granulated sodium nitrite and shake. Then add 
sodium bicarbonate in excess. An intense yellow color is at once 
produced, quickly becoming orange to orange-red when much 
cannabinol material is present. (The dye formed is capable of 
coloring strongly a large volume of solution.) Acidify strongly 
with (1 to 3) sulfuric acid, adding about 1 cc. in excess. The 
color becomes bright red to muddy reddish brown. Shake with 1 
cc. (or more) of benzyl alcohol. This extracts all or nearly all the 
color, and becomes deep dark red.

In this test RAB' compounds give upon acidification a bright 
red solution; NRAB compounds give reddish brown insoluble ma­
terial. In the writer’s opinion this is the best test known for 
tracing the distribution of cannabinol compounds in extractions, 
determining the completeness of extraction, etc.

D iazo  T e s t  B. T o 0.7 cc. of stronger sulfanilic acid solution 
(7 grams of sulfanilic acid in 475 cc. of water and 25 cc. of con­
centrated hydrochloric acid), in a test tube, add a few grains of 
sodium nitrite, then an excess of sodium bicarbonate. Pour into 
this 3 or 4 cc. of an ethyl or isopropyl alcohol solution of the resin. 
An intense yellow color is instantly produced, which gradually 
becomes more or less orange. After some standing add 10 cc. of 
water and pour through a folded filter if full of sediment. T h e  
solution is orange. Shake with 1 cc. (or more) of amyl alcohol. 
Typically, the amyl alcohol becomes orange to bright red, leaving 
the aqueous layer bright yellow.

The diazo tests succeed with the brown cannabinol compounds, 
as well as with the colorless. Complete decolorization of the resin 
is therefore unnecessary, but it is best to remove chlorophyll from 
the solvent solution with activated charcoal.

M e r c u r ic  S u l f a t e  T e s t . T o 3 cc. of a methyl alcohol solu­
tion of the resin (decolorized or a t least with chlorophyll removed) 
add 2 cc. of Denig&s’ reagent (5 grams of mercuric oxide in 20 cc. 
of sulfuric acid and 100 cc. of water). Either a t once, or on stand­
ing a short time, both color and precipitation are produced. The
color is salmon or pink to scarlet, brick red, or rose-red. The
precipitation may begin as a whitish cloudiness, before any color 
develops, or may not develop until some time after the color. 
The precipitate formed is of similar color to tha t produced in the 
solution, and is wholly or partly crystalline.

In this test the RAB compounds precipitate more readily than 
the NRAB, and the I I  compounds develop more color than the I.

I-RAB  M ost p rec ip ita tion ; am orphous m ateria l and  bran ch in g thread
crysta ls. L east color; sa lm on

II-RAB  P recip ita tion  som ew h at le ss  b u t sim ilar to  I-R A B ; color stronger,
ten d in g  to  scarlet

I-NRAB  P recip ita te  form s m ore s lo w ly  th an  w ith  RAB com pounds,
w h o lly  crysta llin e , p la tes . C olor p ink

II-NRAB  P recip ita tion  as w ith  I-NRAB. M o st rea ctiv e  of th e four
classes as to  color; rose-red

D u q u e n o is  a n d  M o u s t a p h a  T e s t  (M o d if ie d ) . T o 1 cc. of 
alcoholic solution of the resin add 0.5 cc. of 8 per cent vanillin 
solution (in alcohol), and 0.5 cc. of 2 per cent aldehyde solution 
(2.8 per cent aldehyde-ammonia in alcohol); then mix with 3 cc. 
of concentrated hydrochloric acid. An intense purple or violet 
color soon develops; it may begin either as pink (passing through 
magenta-red to purple) or as green (passing through blue, or slate 
and indigo), depending on the kind of resin present. The dis­
tinction is more clear if the aldehyde is omitted (vanillin test). 
The aldehyde makes the test a little more sensitive and uniform. 
In interpreting a weak result it may be advisable to try  a blank 
with the reagents.

Duquenois and Moustapha state green as the initial color in 
this test (H). This is true of the resin from Manchurian and re­
lated varieties, but tha t from Minnesota wild hemp yields pink as 
the initial color.

V a n il l in  T e s t . T o 1.5 cc. of alcoholic solution of the resin 
(decolorized or a t least with the chlorophyll removed) add 0.5 
cc. of 8 per cent vanillin in alcohol, then mix in 2 cc. of concen­
trated  hydrochloric acid. About 4 cc. of concentrated hydro­
chloric acid will develop the maximum color, which then tends to 
purple or violet, but the initial colore are most significant of the 
different cannabinol compounds and are best observed with no 
more than 2 cc. of hydrochloric acid.

The differences are extreme. Blackie states the color produced 
in his vanillin test as green or blue-green (8). Resin from Min­
nesota wild hemp, however, yields pink to magenta-red (reaction of 
RAB compounds). In the writer’s tests decolorized resin from
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fairly fresh Manchurian hemp yielded light green changing to 
blue, and these colors were stronger and greener with resin from 
old Manchurian hemp (brown resin). The green or blue with 
decolorized resin was found to be due to the II-NRAB portion. 
Yellow-brown cannabinol compounds also yield green. Results 
on the separated portions have not been entirely consistent, but 
the purest colorless isolates obtained by the writer (in small 
quantity) gave initial colors as follows:

I -R A B  P in k  I I-R A B  P in k ish  laven d er
I -N R A B  P ink  II -N R A B  G reen ish , th en  b lu e

A l k a l in e  B e a m  T e s t . Evaporate the solvent from a little of 
the decolorized resin in a white dish, and treat the residue with a 
few drops of colorless 2 per cent potassium hydroxide in alcohol. 
RAB compounds yield a purple color. II-RAB responds much 
more promptly and readily than I-RAB.

M o d if ie d  B o u q u e t  T e s t . T o 0.5 gram of marihuana add 0.1 
gram of activated charcoal and 6 or 7 cc. of 2 per cent potassium 
hydroxide in ethyl alcohol. Let stand 5 or 10 minutes, then 
pour through a filter which will retain the charcoal. With RAB 
compounds the filtrate is violet. If it is very dark brown, add a 
little more charcoal and refilter. If light brown or nearly color­
less, mix 4 or 5 cc. of filtrate with 1.5 cc. of amyl alcohol and 15 
cc. of water in an 18-mm. test tube. The amyl alcohol extracts a 
purple color if any RAB compounds were present.

This procedure can be used with brown resin to determine if 
any of the colorless RAB compounds are present. In the writer’s 
experience this is by far the most sensitive variation of the alka­
line Beam test.

P e r o x i d e  T e s t . Dilute 2 or 3  cc. of isopropyl (or ethyl) alco­
hol solution of decolorized resin with 10 cc. of water; add 1 to 
3 drops of 3 per cent hydrogen peroxide and 1 drop of 1 to 1000 
copper solution (1 to 250 copper sulfate pentahydrate); mix, and 
add 0.5 cc. of 10 per cent aqueous sodium hydroxide. With RAB 
compounds a purple color rapidly develops. Amyl alcohol ex­
tracts the color.

This is also a variation of the alkaline Beam reaction.
P o t a s s iu m  H y d r o x id e  i n  I s o p r o p y l  A l c o h o l . T o about 3  

cc. of isopropyl alcohol solution of decolorized resin add 2 small 
pellets of potassium hydroxide. The color is produced in other 
solvents, but isopropyl alcohol, 98 to 99 per cent grade, is much 
the best for this simple form of the test. With RAB compounds 
a purple color soon develops, gradually becoming deeper and 
stronger up to the limit of the reactive compounds present. II- 
RAB yields the purple color at once, and maximum intensity 
quickly. With I-RAB the purple develops rather slowly, but in 
time just as strongly as with the II-RAB. This is the best varia­
tion of the alkaline Beam test for obtaining the full reaction with 
I-RAB.

A yellow color may be produced by the I-NRAB portion. Per­
haps this is due to a glucoside of the phenol, or even to some un­
related compound accompanying it throughout the extraction. 
The I-RAB portion also occasionally yields a  yellow before the 
purple color develops.

F e r r ic  C h l o r id e  T e s t . T o 5 cc. of solution of the decolorized 
resin in absolute methyl alcohol add gradually not over 0.1 cc. 
a t a time, a fresh 1 per cent solution of ferric chloride in absolute 
methyl alcohol. The reagent in excess produces a green to dark 
green color. (If sufficient reactive substance is present, a blue or 
even violet color is produced with the first reagent.) With ordi­
nary marihuana extracts about 0.4 to 0.5 cc. of reagent is usually 
most satisfactory; seldom is more than 1 cc. required, (a) To the 
green solution (5 to 6 cc.) add 1 cc. of water, and mix. The color 
is changed to dark blue. (6) In another test, to the green solu­
tion (5 to 6 cc.) add 1 cc. of ammonium acetate solution (1 per cent 
in absolute methyl alcohol). The color changes to a .beautiful 
deep purplish red, which soon fades by degrees, the solution 
finally becoming brownish yellow.

The positive test described is a reaction of the I cannabinol 
compounds only. Both I-RAB and I-NRAB respond, but the II  
compounds do not. With solvents other than methanol the re­
action either does not occur, or (as seems to be the case in ethyl 
alcohol solution) the reactive compounds are immediately oxi­
dized by the ferric chloride.

S u m m a ry

The term  “cannabinol compounds” is used as a collective 
name for all the compounds of the hemp resin closely related 
to cannabinol and cannabidiol. These have a  number of 
“cannabinol reactions” in common.

Hemp plants form two kinds of cannabinol compounds, 
colorless or v irtually  so; one kind reactive in  the alkaline 
Beam test, the other no t (designated as RAB and NRAB).

The former always predominate in M innesota wild hemp, 
the la tte r in hemp of M anchurian origin grown in M innesota. 
Some plants produce exclusively only one kind or the other.

Some of the cannabinol compounds are extracted by aque­
ous alkali from petroleum ether solution; some cannot be 
so extracted. (These compounds are designated as I  and
II.)  This classification is confirmed by  a color test with 
ferric chloride in m ethyl alcohol, to  which only the com­
pounds soluble in aqueous alkali respond.

The two classifications, by the alkaline Beam test and by 
solubilities, are independent, so th a t there are four kinds of 
colorless cannabinol compounds.

T he compounds soluble in aqueous alkali readily become 
changed by heat, or even by long standing a t  room tem pera­
ture, to  alkali-insoluble compounds. In  the w riter’s opinion 
all the alkali-insoluble cannabinol compounds have this origin. 
By decolorizing an  alcoholic extract of fresh m arihuana from 
young plants with activated charcoal, resin is obtained with 
as high as 90 per cent solubility in aqueous alkali. The 
essential oil and paraffin hydrocarbons are insoluble in aqueous 
alkali from the s ta rt; b u t referring only to  the cannabinol 
compounds in the whole undecolorized resin, compounds 
soluble in aqueous alkali greatly predominate in fresh resin, 
even late in the  fall.

T a b l e  I. D i s t i n g u i s h i n g  R e a c t i o n s

C anna­
binol A lk alin e In  Ferric

C om - B eam  A queous C hlo-
pounds T e s t  A lk a li ride E xtraction «

I-R A B  Purple Soluble P o s itiv e  A A  from  P E  and from  E E
I-N R A B  O or yellow  S olub le P o s itiv e  A A  from  P E , E E  from  A A
II-R A B  Pu rp le Inso lu b le N e g a tiv e  P E  from  AA
II-N R A B  O In so lu b le  N eg a tiv e  P E  from  AA

® A A  «= aqueous a lk a li, E E  =* e th y l ether, P E  =  petroleu m  ether.

E xtractive methods and avoidance of m any laboratory 
manipulations are necessary for study  of the alkali-soluble 
compounds. W ith distilled red oil the known cannabinol 
compounds th a t have been isolated are insoluble in aqueous 
alkali. Unless some additional change occurs with vacuum 
distillation, the extracted II-RAB m ust consist m ostly of 
cannabidiol and II-N RA B largely of cannabinol.

The precursors of cannabinol and cannabidiol are very 
likely a t  the same tim e alcohols and m-diphenols.

General directions are given for separations. The alkali- 
soluble compounds are extracted from petroleum ether by 
aqueous alkali. I-N RA B can be separated from I-RAB by 
ethyl ether and aqueous alkali.

The laboratory conversion of alkali-soluble compounds 
to alkali-insoluble is effected by refluxing for some 12 to  20 
hours in absolute m ethyl alcohol. A small quantity , abou t 
0.1 to  0.2 gram, is almost all converted by this procedure. 
Isolates II-RA B and II-N R A B  are best obtained by sepa­
rately converting I-RAB and I-NRAB and re-extracting.

Directions are given for performing the color tests, and the 
effects described. The separated classes show some differ­
ences even in their cannabinol reactions, those in the mercuric 
sulfate and vanillin tests being especially noteworthy.

Table I  gives the reactions distinguishing the four kinds of 
colorless cannabinol compounds.

A ck n o w led g m en t

The writer is indebted to  Roger Adams and his associates 
in m arihuana research a t  the U niversity of Illinois for a  small 
am ount of pure crystalline cannabidiol. I t  was verified on 
th is pure substance th a t its reactions are in all essentials like 
those described above for the  II-R A B  portion of the  resin, 
including the  responses in the  cannabinol reactions, non­
extraction by aqueous alkali when shaken with the petroleum
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ether solution, and absence of any observable ferric chloride 
test.
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Amperometric Titrations
Am perom etric Determ ination o f  Phosphate with Uranyl Acetate

I . M . K O L T H O F F  A N D  G U N T H E R  C O H N , U n iv e r sity  o f  M in n e so ta , M in n e a p o lis , M in n .

SIN C E  phosphate is not reducible a t  the dropping m ercury 
electrode, its polarographic determ ination or ampero­

metric titra tion  has to be carried out indirectly. A reagent 
which forms a precipitate w ith phosphate and yields a well- 
defined diffusion current m ust be used for its determ ination 
with the dropping m ercury electrode.

A polarographic determination of phosphate by precipitation 
with an excess of molybdate has been described by IIhi (21), and 
an amperometric titration by means of precipitation with bismuth 
oxyperchlorate was attem pted by Neuberger (16). Both 
methods have the advantage tha t the precipitation is performed 
in strongly acid medium in which interference by coprecipitation 
of alkaline earth metals, etc., does not occur. The precipitation 
with molybdate has also the very favorable ratio ol 1 to 12 be­
tween phosphate and molybdate. Both methods, however, in­
volve several disadvantages. The molybdate wave is badly de­
fined and is much affected by changes in the acidity and com­
position of the solution. The precipitation procedure is compli­
cated and requires heating to boiling, standing overnight, and 
filtering. Chloride, if present, has to be removed. The titration 
with bismuth oxyperchlorate as described by Neuberger yields 
useful results only with relatively concentrated phosphate solu­
tions (lower limit 0.035 iV in phosphate). The end point does 
not correspond to the stoichiometric composition of the precipi­
tate and is not easily located. Moreover, all anions except per­
chlorate must be absent because they form complexes with his- 
muthyl ions (17).

In  this paper a  simple am perom etric titra tio n  of phosphate 
w ith uranyl aceta te  is described1.

A ttem pts were made to titra te  phosphate w ith lead solu­
tions in weakly acid medium from which alkaline earth  phos­
phates are not precipitated. Although quantita tive precipi­
ta tion  could be obtained, the m ethod had serious lim itations 
and cannot be recommended. U ranyl acetate is a well-known 
reagent for the gravim etric (7, 14) and volumetric (potentio- 
m etric) (1,2, 9, IS, IS)  determ ination of phosphate. Accord­
ing to  Chrétien and K raft (S) uranyl acetate forms w ith solu­
tions of orthophosphates precipitates of the composition UO2 
M P O 4 (M  =  N a, K, N H 4, 1/2 Ca) which are insoluble in ace-

1 A fter th is  paper had been  su b m itted  for p ub lica tion , an  im p ortan t paper  
on the polarographic d eterm in ation  o f phosp h ate w as published  b y  Stern (SO).

tic acid but freely soluble in mineral acids. Analogous com­
pounds are formed with arsenate (15) and vanadate (14), 
which also have been recommended for analytical purposes.

P o la ro g ra p h ic  B eh avior  o f  U ra n y l A c e ta te
The reduction wave of uranyl ion at the dropping mercury 

electrode was found to be greatly affected by the composition 
of the medium (11). Since the phosphate titration had to be 
carried out in weakly acid solution, the effect of acetic acid and 
buffer solutions upon the current voltage curve of uranyl 
acetate was studied first. These measurements do not in­
volve an exhaustive study of the polarography of uranyl solu­
tions, which is being carried out at present in this laboratory. 
The experiments described in this paper were carried out with 
the purpose of finding the potential and concentration range 
at which uranyl ion gives well-defined diffusion currents in 
the most suitable titration medium.

E xp er im en ta l
The manual apparatus, described in previous publications (10), 

was used. The temperature was 25° C., and the solutions were 
free from air. For the sake of convenience a pool of mercury was 
usually employed as the anode. Analytically pure chemicals 
were used. The stock solution was 0.1 M  in uranyl acetate, and 
0.1 to 0.18 M  in acetic acid, the la tter being necessary to prevent 
hydrolysis. In  the literature different statements are found con­
cerning the stability of uranyl acetate solutions. Courtois (4) 
found tha t both concentrated and dilute solutions were stable in 
the dark, but tha t hydrolysis occurred in the presence of light. 
Although according to Dworzak and Reich-Rohrwig (6) a pre­
cipitate soon appears in a 0.05 M  solution, the uranyl-ion concen­
tration is not appreciably diminished, even after several months. 
Singh and Ahmad (19) found uranyl acetate to be 2.13 per cent 
hydrolyzed in 0.00078 M  solution at 30° C. In  the present work 
it was found tha t the solutions were stable only in presence of 
some free acetic acid. The minimum concentration of acetic 
acid in 0.1 M  uranyl acetate solution which yielded quick dis­
solution of the solid uranyl acetate was 0.1 M.

C U R R E N T -V O L T A G E  C U R V E S  OF U r A N T L  A C E T A T E  IN  

W e a k l y  A c i d  a n d  i n  B u f f e r e d  S o l u t i o n s .  In order to get 
constant current readings within a reasonably short time it
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F i g u r e  1. P o l a r o g r a m s  o p  0 .0 0 1  M  U r a n y l  A c e t a t e

1. In  0 .05  M  p o tass iu m  n itra te , 0 .04  M  a ce tic  acid , and  0 .005  M  
am m onium  a ce ta te . 2 . Sam e in  20%  eth a n o l. V alues n o t  corrected  
for residu al cu rrent.

was found desirable to  carry  out the  titra tions in  a medium 
of 20 per cent ethanol. Therefore, m ost of the current-voltage 
curves of uranyl acetate were determ ined in  this medium. 
The presence of alcohol also aids in suppressing or eliminating 
the maximum of the first uranyl wave, as is evident from 
Figure 1. The diffusion curren t of the first wave was con­
stan t over an applied voltage range between —0.8 and —1.1 
volts.

Solutions which were 0.002 M  in uranyl acetate, 0.002 M  
in acetic acid, and 0.1 M  in potassium chloride and 20 per cent 
in ethanol were no t stable. The diffusion current was found 
to decrease w ith increasing tim e of standing. The decrease 
was noticeable even before a  precipitate was visible (Figure 2). 
This hydrolysis does n o t interfere in titra tions because i t  takes 
place slowly, and moreover does not occur in the more strongly 
acid medium which usually was obtained after the precipita­
tion of phosphate. The first wave of the uranyl ion, which 
is the only one obtained in th e  above solution, showed a  slight 
flat maximum and a poorly defined diffusion current. A t this 
uranium concentration the maximum was eliminated when 
the solution was also made 0.1 M  in potassium n itra te. How­
ever, hydrolysis occurred more quickly in  the presence of ni­
trate (Figure 2).

W ith increasing acetic acid concentration the wave in 20 
per cent ethanol and 0.1 M  potassium chloride became better 
defined. A t higher acidity the  first wave did no t show a 
maximum and the diffusion current was constant between an 
applied e. m. f. of 0.6 and 0.85 volt. A rise in the current 
started a t  about —0.9 volt, the curve showing a peculiar 
maximum a t  —1.05 volts. T he shape of the curve near the 
maximum was dependent on the am ount of acetic acid pres­
ent. A t the higher acidity no hydrolysis occurred and the 
current-voltage curves were found unchanged after various 
periods of standing. Figure 3 shows the  current-voltage 
curves obtained in 0.042 M  and 0.022 M  acetic acid. After 
the peculiar maximum the  current became nearly constant, 
but a new wave started  a t  about —1.25 volts. This wave 
was better defined in  0.042 M  than  in  0.022 M  acetic acid. 
The to tal height a t  —1.45 volts was about twice the height 
of the first wave a t  —0.7 volt.

In the amperometric titra tion  of phosphate we are mainly 
interested in the diffusion current of the first wave. In  0.042 
•M acetic acid and 0.1 M  potassium chloride solution the diffu-

F i g u r e  2 . P o l a r o g r a m s  o p  0 .0 0 2  M  U r a n y l  A c e t a t e  i n  
0 .0 0 2  M  A c e t i c  A c i d  a n d  2 0  P e r  C e n t  E t h a n o l

1, 2 , 3 . In  0 .1  M  p o tassiu m  ch loride. 4 , 5 . In  0 .1  M  potassiu m  
chloride and  0.1 M  p o tass iu m  n itra te . C urve 1 m easured 30  m in u tes  
a fter m ixing; curve 2, 30  m in u tes later; cu rve 3 , 2  hours after cu rve 2. 
C urve 4  m easured 25 m in u tes a fter m ixing; cu rve 5 , 25  m in u tes  later. 
V alu es n o t  corrected for residual current. C athod e p o ten tia l refers to  
sa turated  calom el electrod e.

F ig u r e  3 . P o l a r o g r a m s  o f  0 .0 0 2  M  U r a n y l  A c e t a t e

1. In  0 .042  M  a ce tic  acid , 0 .1  M  p o tass iu m  ch loride, an d  20%  
e th an ol. 2 . In  0 .022  M  a ce tic  acid , 0.1 M  p o tass iu m  ch lorid e, and  
20%  eth an o l. V alues n o t  corrected  for residu al cu rren t. C ath od e  
p o ten tia l refers to  sa tu ra ted  oalom el electrod e.

sion current of the  first wave was hardly affected by  the addi­
tion of potassium n itra te  or sodium sulfate.

In  a  medium which was 20 per cent in ethanol, 0.1 M  in 
potassium chloride, and 0.02 to  0.05 M  in acetic acid the first 
diffusion current was found proportional to  the  uranyl con­
centration up to  concentrations of 0.0025 M .  A t higher con­
centrations the currents a t  various potentials were larger than  
expected. This, in  p art a t  least, is due to  the  occurrence of a 
maximum, as is evident from Figure 4. A ddition of 0.01 to  
0.2 per cent of gelatin suppressed the maximum (Figure 5), 
b u t the solutions apparently  were n o t stable in  the  presence of 
gelatin. The diffusion current increased gradually on s tan d ­
ing. Even if the measurements were m ade in  the presence of
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gelatin, the diffusion current increased more than  in propor­
tion to  the concentration, when the uranyl concentration was 
greater than  0.0025 M .  This is clearly brought out by Figure
C. On the left are given the diffusion currents a t  different 
concentrations of uranium , measured a t  an applied voltage of 
—0.8 volt in a medium which was 20 per cent in ethanol, 0.02 
M  in acetic acid, and 0.1 M  in potassium chloride, upon suc­
cessive additions of 0.1 M  uranyl acetate solution in 0.1 M  
acetic acid. The right-hand side gives the same plot when 
the solution was also made 0.02 per cent in gelatin. The 
diffusion current in both cases is proportional to the uranyl 
concentration up to 0.0025 M .  W hen the concentration be­
comes larger, the diffusion current becomes disproportionately 
greater. The addition of gelatin in an am perometric titra tion  
of phosphate, therefore, is of no advantage. In  order to  get a 
straight line after passing the end point the concentration of 
the excess uranyl acetate should not exceed 0.0025 M .

On the basis of this work it  is concluded th a t in a  medium of 
20 per cent ethanol, 0.1 M  potassium chloride, and 0.02 to 
0.04 M  acetic acid an applied e. m. f. of 0.7 to  0.8 volt is suitable 
for the titrations. If  potassium n itra te  is used in place of 
potassium chloride, an e. m. f. of 0.9 to  1.1 volts should be 
applied because of the change of the anode potential (pool of 
mercury).

F i g u r e  4 . P o l a r o g r a m s  o f  0 .0 0 2  ( C u r v e  1) a n d  0 .0 0 3 7 3  
M  ( C u r v e  2 ) U r a n y l  A c e t a t e  i n  0 .1  M  P o t a s s iu m  
C h l o r i d e ,  0 .0 5 5  M  A c e t i c  A c id ,  a n d  2 0  P e r  C e n t  E t h a n o l

V alues n o t corrected  for residual cu rrent. C ath od e p o ten tia l refers 
to  sa turated  calom el electrode.

The titra tion  of phosphate has also been investigated in 
buffers of acetic acid and acetate in a medium of 20 per cent 
ethanol. Therefore, current-voltage curves of uranyl acetate 
were also investigated in  such buffer solutions. A solution of 
0.002 M  uranyl acetate in 0.2 M  sodium acetate and 0.022 M  
acetic acid and 0.1 M  potassium chloride, which had a pH  of 
5.6, gave a current-voltage curve shown in Figure 7. The 
curve is similar to  the one obtained in 0.002 M  acetic acid (see 
Figure 2) except th a t i t  was displaced 0.1 volt to  more nega­
tive potentials. The solution in dilute acetic acid was not 
stable b u t on standing deposited a  precipitate as a result of 
hydrolysis. In  spite of the much higher pH, the uranyl solu­
tion in the buffer was stable and did not form a precipitate on 
standing. This is explained by complex formation between 
uranyl and acetate. D ittrich  (5) found th a t in more con­
centrated solutions of sodium acetate the uranium  wras trans­
ported to  the anode while in dilute solution it moved to the 
cathode. The complex formation also accounts for the fact 
th a t the wave in the buffer solution occurred a t  more negative 
potentials th an  in dilute acetic acid alone.

F i g u r e  5 . P o l a r o g r a m s  o f  0 .0 0 2  M  ( C u r v e  1 ) a n d  
0 .0 0 4  M  ( C u r v e  2 )  U r a n y l  A c e t a t e  i n  0 .1  M  P o t a s s iu m  

C h l o r i d e  a n d  2 0  P e r  C e n t  E t h a n o l
1 in  0 .01%  ge la tin , 2 in  0 .02%  ge la tin . V alu es n o t  corrected  for 

residual current. C athod e p o ten tia l refers to  sa tu ra ted  calom el 
electrode.

A m p ero m etric  T itr a tio n  o f  P h o sp h a te

After m any preliminary experiments, i t  was decided to  carry 
out the titra tion  in a  medium containing 20 per cent ethanol. 
Alcohol decreases the solubility of the precipitate U O 2M P O 4, 
and before the end point it considerably reduces the time

F ig u r e  6. D i f f u s i o n  C u r r e n t s  o f  I n ­
c r e a s in g  U r a n y l  C o n c e n t r a t io n s

S uccessive ad d ition  o f 0 .1  M  u ran y l a ce ta te  to  50  
m l. o f 0 . 1  M  p o tass iu m  chloride and  0 . 0 2  M  a ce tic  
acid  in  20%  eth an o l, (a) W ith o u t ge la tin , .Eapnl. 
0 .8  v o lt;  (6) w ith  0 .02%  ge la tin , i?appl. 0 .7  v o lt .  
C orrection  ap plied  for d ilu tion .



May 15, 1942 A N A L Y T I C A L  E D I T I O N 415

F i g u r e  7 . P o l a r o g r a m  o f  0 .0 0 2  M  U r a n y l  A c e t a t e  i n  
A c e t a t e  B u f f e r  p H  5 .6  (0 .2  M  S o d iu m  A c e t a t e ,  0 .0 2 2  M  
A c e t i c  A c i d ) ,  0 .1  M  i n  P o t a s s i u m  C h l o r i d e ,  a n d  2 0  P e r  

C e n t  i n  E t h a n o l
V alues n o t corrected for residu al cu rren t. C athod e p o ten tia l refers to  

sa turated  calom el electrod e.

necessary for attaining a constant reading of the current after 
each addition of uranyl acetate. In  the following the authors 
usually titra ted  50 ml. of a solution of monopotassium phos­
phate in 20 per cent ethanol under the conditions specified 
in the tables.

A layer of mercury was introduced into the cell to serve as an 
anode. With the pool of mercury as anode the applied e. m. f. 
was 0.7 to 0.8 volt when the solution was 0.05 to 0.2 M  in chloride. 
If chloride was absent and potassium nitrate was used as the sup­
porting electrolyte, the applied e. m. f. was 1.05 — 0.05 volt. 
When an outside saturated calomel electrode is used as an anode, 
the potential applied to the dropping electrode should be —0.7 ± 
0.05 volt. The titrations were carried out a t room temperature. 
Nitrogen (or hydrogen) was passed through the solution until the 
oxygen had been removed. The uranyl acetate was added in 
successive portions from a microburet graded in 0.01 ml., nitrogen 
being passed through for 2 to 3 minutes after each addition. 
The current readings, after correcting for the dilution, were

T a b l e  I. T i t r a t i o n  o f  M o n o p o t a s s i u m  P h o s p h a t e  w i t h  U r a n y l  A c e t a t e

F i g u r e  8 . T i t r a t i o n  o f  5 0  M l .  o f  0 .0 0 5  M  P h o s ­
p h a t e  S o l u t i o n  i n  0 .1  M  P o t a s s i u m  C h l o r i d e  a n d  
2 0  P e r  C e n t  E t h a n o l  w i t h  0 .1  M  U i i a n y l  A c e t a t e

2?appl. 0 .8  v o lt . C orrection applied  for d ilu tion .

plotted against the volume of reagent added and the end point 
was found graphically (12).

ito.

7
8 
9

10
n
12
13

M olarity  
of K H iPO «

0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 2 0 8 6
0.0002
0.0001
0 .0 0 0 1 0 0 9 3
0 .0 0 0 0 7 8 4 5
0 .0 0 0 0 7 8 4 5
0 .0 0 0 0 5 0 9 7

Indifferent 
E lectro ly te  

S a lt M olarity

K N O . 
KC1 
KC1 
K C1 
KC1 

(K C 1  
Í  K N O . 

KC1 
KC1 
KC1 
K N O i 
K N O i 
K N O i 
K N O »

0.2
0.2
0.1
0.1
0.1
0.1
0 .0 5
0.10.02
0.02
0.02
0.02
0.02
0.02

C oncen­
tration

of
U ran yl

U ranyl 
A ceta te  U sed

A ceta te C alcu­
M la ted F ou n d

M l. M l.

0 . 1 2 .5 0 2 A S
0 . 1 2 .5 0 2 .4 8
0 . 1 2 .5 0 2 .4 8
0 . 1 2 .5 0 2 .5 1
0 . 1 2 .5 0 2 .4 9 5

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

T a b l e  II.

N o.

M olarity
of

K H iPO <

0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 5
0 .0 0 0 1 0 0 9

Ind ifferen t
E le c tro ly te

Mo-
S a lt la r ity

M o la r ity  of U ran yl 
A ceta te  S o lu tion  

U sed
U O ü(C sH j Oi ) i  C jH .O .

KC1
KC1
KC1
KC1

ÎK C 1
( K N O .

K C l
K NO»

0.1
0.1
0.1
0.1
0.1
0 .0 5
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1
0 .0 0 5

0 .1 8
0.1
0 .1 8
0.1
0.1 
0 .1 8  
0 .0 0 8  +  

0.001 
a m m o ­
n i u m  
a ce ta te

Results obtained in th e  titra tion  of monopotassium phos­
phate solutions are given in Table I. The 0.1 M  uranyl ace­
ta te  solution was 0.1 or 0.14 M  in acetic acid; the more dilute 
solutions of uranyl acetate were obtained by diluting the 0.1 
M  solution with w ater; hence, the pH  was relatively low 
during the titrations (3.5). The current values measured in a 
titra tion  of 0.005 M  phosphate in 0.1 M  potassium chloride 

are plotted in Figure 8. I t  is seen th a t the
_______  residual current remains small and constant (of

the order of 0.1 microampere) un til th e  end point. 
Hence, i t  is only necessary to  determ ine the 
current after two or. three additions of reagent 
before the  end point in order to  find the practi­
cally horizontal precipitation line. Thus it  is 
possible to  finish th e  titrations w ithin half an  
hour. When the phosphate concentration is 
greater than  0.004 M ,  the galvanometer can be 
used simply as a nullpoint instrum ent. U ranyl 
acetate is added with exclusion of air until the 
deflection of the galvanometer suddenly increases 
(Table I). The accuracy of the  titra tions is 
very satisfactory. Concentrations of phosphate 
greater than  0.0003 M  can be determined with 

an  accuracy of 1 per cent or 
better. W hen the concentra- 
tion gets smaller, the accuracy 
decreases because these con­
centrations are near the  lower 
lim it of ordinary polarographic 
work. T itrations 11 and 12 in 
Table I  show, however, th a t in 
0.00008 M  phosphate solution 
an accuracy of 5 per cent could 
be obtained w ith two titrations. 
The addition of ammonium 
salts, usually recommended in  
order to  obtain well crystalline 
UO2N H 4PO4, had no influence 
upon the titrations.

Error
%

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

0.0
t  ï:è}+ *-
+11

CENTRATION UPON T i t r a t i o n -

M olarity  of U ran yl A ceta te
A cetic  A cid U sed

A t end C alcu­
Errorg inn ing p oin t lated Fou n d

M L M l. %

0 . 0 0 2 0 . 0 2 2 . 5 0 2 . 4 8 - 0 . 8
0 . 0 2 0 .0 3 3 3 2 . 5 0 2 . 4 6 - l . G
0 . 0 2 0 .0 3 7 1 2 . 5 0 2 . 4 4 - 2 . 4
0 .0 4 0 .0 5 2 4 2 . 5 0 2 . 4 5 - 2 . 0

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

0 .0 0 0 0 5
am m o­
n i u m
ace ta te
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The effect of varying am ounts of acetic acid added to the 
phosphate solution was investigated next. According to  the 
literature the precipitated uranyl phosphate, U O 2M P O 4, is 
not soluble in acetic acid. Nevertheless, the am ount of acetic 
acid present during the  titra tion  has an influence on th e  re­
sult, as shown in Table I I .  In  the course of a titra tion  the 
concentration of acetic acid changes according to

K II2POt +  U 0 2(C2H s0 2) 3 +  7iC2H ,0 2 =
UOjKPO« +  (2 +  n) C2H A

In  Table II , therefore, the initial concentrations of acetic 
acid and the concentrations a t  the end point are given. The 
table shows th a t under given conditions a  concentration of 
acetic acid of 0.02 M  a t  the end point is about the  upper lim it 
for obtaining satisfactory results. I f  50 ml. of 0.005 M  phos­
phate solution are titra ted  with 0.1 M  uranyl acetate in 
0.1 M  acetic acid, the allowed initial concentration of acetic 
acid in the phosphate solution is 0.006 M.

The titra tion  was also performed in buffered solutions. In  
citrate and in oxalate solutions uranyl ion obviously forms 
complexes which delay the precipitation of phosphate and 
interfere with th e  titra tion . Correct results were obtained in 
acetate buffer of pH  4.7 b u t the precipitation was slow and 
therefore impracticable. A t a  pH  between 5 and 6 the titra ­
tion could be carried out in the usual way, b u t the precipita­
tion remained slow near the end point. In  a  medium which 
was 0.2 M  in sodium acetate and 0.02 to  0.06 M  in acetic acid 
and 20 per cent in ethanol, good results were obtained when 
the phosphate concentration was 0.005 M  or greater. In  
more dilute phosphate solutions the precipitation was too 
slow for practical purposes. In  b iphthalate buffers with a  pH  
between 5.6 and 3.8 the precipitation was rapid. After the 
end point, however, the current did not increase linearly with 
the concentration of uranyl acetate. Still, the end point can 
be found satisfactorily when the galvanometer is used as a 
nullpoint instrum ent and the titra tion  is carried ou t until 
the deflection suddenly increases.

E ffect o f  O ther S u b sta n ces  o n  T itr a tio n
O r g a n ic  A c id s . Because of the interference of organic 

anions like citrate, oxalate, much acetate, and probably m any 
others (tartrate , formate, etc.) which form complexes with 
uranyl ion, i t  is recommended th a t organic m atters be de­
composed by ashing or by treating w ith sulfuric acid (and 
nitric acid) similar to  the decomposition according to  Kjehl- 
dahl.

M a g n e s iu m  a n d  B a r iu m . Magnesium, when present in 
no t too large amounts, did not interfere with the titra tion . 
Relatively large am ounts of barium  also can be present if the 
precipitation of barium  phosphate in the presence of 20 per 
cent ethanol is prevented by  addition of acetic acid (Table I I I ) . 
In  experiment 3 with an initial concentration of 0.04 M  acetic 
acid in  the solution a correct result wras obtained, while in 
corresponding experiments w ithout barium  an error of about 
—2.5 per cent was found (Table II) .

C a l c iu m . Calcium in larger concentrations caused low 
results due to coprecipitation of calcium phosphate with 
uranyl phosphate. However, when the concentration of 
calcium is smaller than  0.02 M  and th a t of phosphate is 0.005 
M  or less, the error due to coprecipitation becomes negligibly 
small (Table IV). Therefore, in most practical cases calcium 
does not interfere.

A more serious error arises when both calcium and sulfate 
are present in appreciable concentrations. The solubility of 
calcium sulfate in 20 per cent ethanol is m arkedly less than  in 
water. W hen the  calcium sulfate precipitates upon addition 
of ethanol considerable am ounts of phosphate are coprecipi­
ta ted  and low results are found (experiments 13 and 14 in 
Table IV). Addition of acetic acid decreased the coprecipita­
tion only slightly. Even when the precipitation of calcium 
sulfate took place from about 0.04 to  0.08 M  hydrochloric 
acid, there was a  marked coprecipitation of phosphate, al­
though it was less than  when the precipitation took place in 

more weakly acid medium (experiments 17 to  24 
in Table IV). Before the addition of alcohol, 
enough hydrochloric acid was added to  make 
the final concentration of chloride in the titra tion  
m ixture 0.04 to  0.08 M .  After addition of the 
ethanol the solution was neutralized with sodium 
hydroxide, taking the green color of bromocresol 
green as the  end point.

The error due to coprecipitation of phosphate 
with calcium sulfate depends upon the calcium, 
sulfate, and phosphate concentrations, and it is 
not possible to  give minimum concentrations of 
the three separately a t  which no error occurs. 
In  a  mixture of 25 ml. of 0.01 M  monopotassium 

phosphate, 1 ml. of 1 M  calcium chloride, and 0.5 ml. of 1 M  
sodium sulfate diluted to  50 ml., the results were still correct. 
W hen 1 ml. instead of 0.5 ml. of sodium sulfate was added, the 
error was —1.4 per cent and with 2 ml. of sodium sulfate —5.2 
per cent. In  general, the error caused by the presence of both 
calcium and sulfate is negligibly small when upon addition of 
alcohol little or no precipitate is formed. If the am ount of 
precipitated calcium sulfate is appreciable, a  separation has to 
be made. W hen organic anions which form complexes with 
uranyl (citrate, etc.) are absent, the easiest m ethod is by pre­
cipitation of the phosphate in ammoniacal solution as calcium 
phosphate. The precipitate, which need not be washed, is 
dissolved in  hydrochloric acid and the solution is neutralized 
with sodium hydroxide and bromocresol green as indicator. 
In  this way phosphate determ inations were carried out in the 
presence of a hundredfold molar excess of calcium with an 
accuracy of 0.5 per cent. W hen organic m atte r which has to 
be decomposed is present, the interference of calcium can be 
eliminated a t  the same tim e. From  the d a ta  ju st given re­
garding the am ounts of calcium and sulfate which can be pres­
ent in 0.005 M  phosphate solution w ithout causing interfer­
ence, i t  can be seen th a t the concentration lim it corresponds 
approxim ately to  a sa turated  calcium sulfate solution (about 
0.015 M  ). However, even when higher concentrations of 
calcium and sulfate were present, a  precipitate was not formed 
until alcohol was added. W hen the presence of organic 
m atte r makes necessary a  decomposition by  treating with 
strong sulfuric acid (and nitric acid) the remaining concen­
tration  of calcium sulfate after th e  trea tm en t w ith acid does 
n o t interfere in the phosphate determ ination. Such a treat­
m ent is usually also used for the dissolution of insoluble phos­
phates. F or the present purposes the removal of calcium in 
the  presence of organic acids can also be accomplished by 
ashing w ith an  excess of sodium carbonate.

I r o n . Iron, both  in  the ferrous and ferric states, inter­
feres with the  titra tion . The authors found th a t  the simplest 
way to  remove the iron was by precipitation w ith cupferron.

T a b l e  III . E f f e c t  o f  M a g n e s i u m  a n d  B a r i u m  i n  20 P e r  C e n t  E t h a n o l

( T o t a l  v o l u m e  t i t r a t e d ,  5 0  m l .  o f  0 .0 0 5  M  K H 2P O 4 s o l u t i o n ;  c o n c e n t r a t io n  o f  u r a n y l
a c e t a t e ,  0 . 1  M)

1  M 
A c e t i c  A c i d

1  M  M e C U  M o l a r  A d d e d  I n d i f f e r e n t  U r a n y l
S o l u t i o n R a t io b e f o r e E l e c t r o l y t e A c c t a t e  1U s e d

N o . A d d e d M e : P O * T i t r a t i n g S a l t M o l a r i t y C a l c u l a t e d F o u n d E r r o r

Ml. Ml. Ml. i l l . %
1 0 . 1  M g C l j 1 : 2 . 5 K C 1 0 . 1 2 . 5 0 2 . 4 9 - 0 . 4
2 1  M g C l j 4 : 1 .. K C 1 0 . 1 2 . 5 0 2 . 4 9 - 0 . 4
3 1  B a C l j 4 : 1 2 K C 1 0 . 1 2 . 5 0 2 . 4 8 - 0 . 8
4 2  B a C l t 8 : 1 1 K C 1 0 . 1 2 . 5 0 2 . 4 8 - 0 . 8
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T a b l e  IV. E f f e c t  o f  C a l c iu m  i n  20 P e r  C e n t  E t h a n o l

(T o ta l vo lu m e titra ted , 50 m l.; con cen tration  of uranyl ace ta te , 0.1 M )

N o.

0 .01  M  
IyHjPO* 
S olu tion  

U sed

1 M  
CaClj 

S olu tion  
U sed

M olar
R atio

C a :P O i

1 M
A cetic  

A cid  A dded  
before  

T itra tin g

1 M  
NaSO« 

S olu tion  
U sed

2 M  
HC1 A dded  
before P re­

c ip ita tion  of 
CaSO*

Ind ifferen t  
E lectro ly te  

S a lt M olarity

U ran y l A ceta te  
U sed

C alcu ­
la ted  F ou n d Error

1

M L
25

M l.

1 4 :1
M l.

0 .0 5

M l. M l.

KC1 0 . 1

M l.
2 . 5 0

M l.
2 .4 7

%
-  1 . 2

2 25 2 8 : 1 0 .0 5 KC1 0 . 1 2 .5 0 2 .4 6 -  1 . 6
3 1 0 1 1 0 : 1 0 .0 5 KCI 0 . 1 1 . 0 0 1 . 0 0 0 . 0
4 25 1 4 :1 • . . KC1 0 . 1 2 .5 0 2 .4 8 -  0 . 8
5 25 1 4 :1 l ‘ # KC1 0 . 1 2 .5 0 2 .4 5 -  2 . 0
6 25 1 4 :1 1 KC1 0 . 1 2 .5 0 2 .4 6 -  1 . 6
7 25 4 16:1 1 . . . KC1 0 . 1 2 .5 0 2 .4 3 5 -  2 . 6
8 25 1 4 :1 2 . . . K C i 0 . 1 2 .5 0 2 .4 3 -  2 . 8
9 25 2 8 : 1 2 KC1 0 . 1 2 .5 0 2 .4 2 -  3 .2

1 0 1 0 1 1 0 : 1 2 . . . . . . KCI +  0 .0 2 % 0 . 1 1 . 0 0 1 . 0 1 +  1 . 0

1 1 25 1 4 :1 0 .0 5 0 . 5
gela tin

KCI 0 . 1 2 .5 0 2 .5 0 0 . 0
1 2 25 1 4 :1 0 .0 5 1 . . . KCI 0 . 1 2 .5 0 2 .4 6 5 -  1 .4
13 25 1 4 :1 0 .0 5 2 KCI 0 . 1 2 .5 0 2 .3 7 -  5 .2
14 25 1 4 :1 0 .0 5 5 KCI 0 . 1 2 .5 0 2 .3 5 -  6 . 0
15 25 1 4 :1 2 5 KCI 0 . 1 2 .5 0 2 .4 0 -  4 .0
16 25 1 4 :1 2 5 . . . KCI +  1 ml. 0 . 1 2 .5 0 2 .2 6 -  9 .6

17 25 0 .5 2 : 1 5 2
1 M  B aC lj

2 .5 0 2 .4 6 -  1 . 6
18 25 0 .5 2 : 1 , , 5 2 N aA c 0 Í 4 » 2 .5 0 2 .4 8 -  0 . 8

19 25 0 .5 2 : 1 5 2
H A c
N a A c

0 .0 4
0 .4 « 2 .5 0 2 .5 1 +  0 .4

2 0 25 1 4 :1 5 2
H A c 0 .0 4

2 .5 0 2 .4 6 -  1 . 6
2 1 25 1 4 :1 5 2 2 .5 0 2 .4 5 -  2 . 0
2 2 25 1 4 :1 5 4 2 .5 0 2 .4 4 -  2 .4
23 25 2 8 : 1 oli 2 2 2 .5 0 2 .3 0 -  8 . 0
24 25 5 2 0 : 1 1 0 2 N aA c o ’.2  b 2 .5 0 2 . 2 0 - 1 2 . 0

0 pH »  5 .7 . b p H -  5 .3 .
H A c 0 .0 6

The solution is made 10 per cent in hydrochloric acid and 
cooled in ice, and the iron is precipitated with about 0.5 M  cup- 
ferron solution. The free phenyl nitrosohydroxylamine and its 
decomposition products, which are quickly formed in acid me­
dium, yield polarographic waves. Therefore, the iron precipitate 
with the excess of cupferron and its decomposition products were 
removed by shaking out with ether. The resulting aqueous 
phase was freed from ether (by gently heating or bubbling nitro­
gen through), neutralized to bromocresol green, and titrated after 
addition of alcohol. As an example, the following analysis is 
reported.

To a mixture of 25 ml. of 0.01 M  monopotassium phosphate 
solution and 1 ml. of 1 M  ferric chloride solution were added 3 ml. 
of concentrated hydrochloric acid, and after cooling in ice about 
7 ml. of 0.5 M  cupferron solution. After separation as described 
above, the aqueous solution was diluted to exactly 100 ml., and 50 
ml. were then added to 10 ml. of ethanol and titrated  with 0.1 M  
uranyl acetate solution. The error of the titration was —0.8 
per cent.

O t h e r  I n t e r f e r i n g  S u b s t a n c e s .  Interference will occur 
with all m etals which a t  a pH  of about 3.5 precipitate phos­
phate—e. g., lead, aluminum, and trivalen t chromium. 
Chemical separations m ight be possible in these cases. Pyro­
phosphate and other anions, such as arsenate and vanadate, 
which precipitate w ith uranyl acetate interfere with the phos­
phate titration . According to  Dworzak and Reich-Rohrwig 
(6), pyrophosphate forms soluble complexes with uranyl:
[U02(Pj07)2]-----------• Obviously these complexes are no t very
stable, because when w'orking in a  medium of 20 per cent 
ethanol, pyrophosphate was im m ediately precipitated with 
uranyl. I t  seems possible to  eliminate pyrophosphate by  pre­
cipitation with cadmium according to  H ull (<?).

The precipitation of uranyl by  arsenate can also be used for 
an amperometric titra tion  of arsenate. Prelim inary experi­
ments performed by titra ting  a  0.005 M  arsenate solution in  a 
medium of 20 per cent ethanol under th e  same conditions as 
used in the titra tion  of phosphate gave results accurate to 
about 1 per cent.

P roced u re
On the basis of the various experiments the following gen­

eral procedure is given.

. R e a g e n t s . Uranyl Acetate. A 0.1 M  solution is prepared by 
dissolving 42.422 grams of chemically pure uranyl acetate, UOj-

(C2H3O2) .2HsO, in a 1-liter volumetric flask by shaking with 
about 300 ml. of water and 6 to 10 ml. of glacial acetic acid. After 
complete dissolution the flask is filled up to volume. The dis­
solution can be accelerated by careful heating. The solution can 
be standardized against standard phosphate solution. For titra­
tions of low phosphate concentrations the uranyl acetate solution 
is diluted with water.

Standard Phosphate. Merck’s preparation “Sorensen” of 
monopotassium phosphate is dried at 110° C. for 1 hour and a 
0.01 M  solution is prepared by dissolving 1.3614 grams in 1 liter.

Potassium Chloride. A 1 M  or 2 M  solution is prepared by dis­
solving 74.56 or 149.12 grams of potassium chloride of Merck’s 
purest quality in 1 liter.

P r o c e d u r e . The dissolved sample is diluted, so th a t in the 
final volume (all additions included) the concentration of phos­
phate is not greater than approximately 0.01 M, or if calcium 
(and sulfate) are present, not greater than 0.005 M. The con­
centration of calcium and sulfate must not be greater than 0.02 M  
and 0.01 M,  respectively. If a previous neutralization is neces­
sary, a few drops of bromocresol green are added to the solution 
and sodium hydroxide or hydrochloric acid is added until the 
indicator has a green color. About 0.5 ml. of 0.1 M  acetic acid is 
added and enough potassium chloride to make the chloride con­
centration approximately 0.1 M. The sample is introduced into 
the titration cell and enough ethanol added to make its concen­
tration 20 per cent. Air is removed by passing nitrogen through 
the solution for about 15 minutes (the removal is complete when 
the residual current has become constant), and the titration is 
carried out a t an applied potential of —0.7 to —0.8 volt.

N o t e s . If a precipitate of barium phosphate is formed by the 
addition of ethanol, it is dissolved by adding 1 M  acetic acid drop- 
wise.

In the presence of large amounts of both calcium and sulfate the 
phosphate is first precipitated in ammoniacal medium and then 
treated as described above.

Iron if present is removed with cupferron as described above.
In  the presence of organic substances like citrate, tartrate, 

oxalate, etc., which form complexes with uranyl and in the analy­
sis of organic phosphorus, a destruction of the organic m atter is 
necessary. In the latter instance the total content of phosphorus 
is determined as orthophosphate.

S u m m a ry

The polarographic waves of uranyl acetate in weakly acid 
media were studied.

A procedure has been given for the am perometric titra tion  
of phosphate with uranyl acetate a t  room tem perature. The 
accuracy wras 1 per cent or better with 0.01 to  0.0003 M  con­
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centrations of orthophosphate. In  0.0001 M  phosphate the 
accuracy was of the order of 4 per cent.

Alkaline earth  phosphates can be titra ted  by the standard 
procedure. Calcium in large amounts, iron, and organic 
anions interfere. M ethods are described to  eliminate the 
interference.
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Quantitative Determination of 2-Methyl- 
l 54-naphthoquinone

A M E L  R . M E N O T T I, C h em ic a l L a b oratory , A m e r ic a n  M ed ica l A sso c ia t io n , C h ica g o , 111.

TH E  increased use of 2-m ethyl-l,4-naphthoquinone as a 
therapeutic agent necessitated the development of an 
accurate and convenient m ethod for its quantita tive estima­

tion in m arketed preparations. The procedure described in 
this paper has been found reliable for the determ ination of 2- 
m ethyl-1,4-naphthoquinone in quantities as low as 0.05 mg., 
and has been employed successfully in the assay of oil solu­
tions and of alcoholic extracts containing the drug. In  a 
study of the reactions involved in this determ ination, the 2,4- 
dinitrophenylhydrazone of 2-m ethyl-l ,4-naphthoquinone was 
isolated and characterized, and its absorption spectrum  ex­
amined in both alkaline and neutral solvents.

Pinder and Singer (S) described a colorimetric procedure for the 
determination of 2-methyl-l,4-naphthoquinone which involves 
the interaction of that substance with ethyl cyanoacetate. The 
unstable, purple colored reaction product thus obtained is sub­
sequently hydrolyzed with 6 N  potassium hydroxide to produce 
a more stable yellow colored derivative in 
solution. The yellow solution is then compared 
with a suitable standard. Results of analysis 
obtained by the method of Pinder and Singer 
(s) were found, in this laboratory, to be suffi­
ciently accurate, if the naphthoquinone could 
first be isolated by alcoholic extraction. The 
method appeared to be inadequate when applied 
to vegetable oil solutions from which the 
naphthoquinone could not be quantitatively 
extracted. Partial saponification of the vege­
table oil, which occurred on the addition of 
potassium hydroxide, produced turbid solutions 
tha t required considerable treatment to effect 
clarification. I t  was observed also tha t the 
presence of oil complicated the formation and 
subsequent hydrolysis of the intermediate, 
unstable purple reaction product.

As an alternative, it was considered that 
the direct spectrophotometric determination 
of 2-methyl-l ,4-naphthoquinone in oil solution, 
employing the absorption maximum a t 3360 
A., might provide a convenient method of 
assay. However, direct spectrophotometric ex­
amination (1) was found to be limited in 
application to those solutions in which the oil 
used as a vehicle exhibited low absorption in 
the desired spectral region. The method was 
of little value when applied to certain com­
mercial products which contained vegetable 
oil tha t showed complete absorption at 3360 Â.

Novelli (2) described a sensitive color test for 2-m ethyl-l,4- 
naphthoquinone and related substances which forms the basis 
for the method finally adopted in this laboratory for the quan­
tita tive  estim ation of 2-m ethyl-l,4-naphthoquinone. The 
procedure detailed below depends on (a) form ation of the 2,4- 
dinitrophenylhydrazone of 2-m ethyl-l,4-naphthoquinone, (6) 
interaction of this dinitrophenylhydrazone w ith ethanolic 
ammonia to  yield a  green to blue-green colored solution, and 
(c) comparison of the intensity of this color with th a t produced 
in a control w ith known quantities of the naphthoquinone.

The 2,4-dinitrophenylhydrazone of 2-methyl-l,47-naphtho­
quinone in alcoholic am monia solutions exhibits a  bright blue 
color. The green color described by  Novelli (2) was found to 
be a  com bination of this blue color with the yellow color of 
the 2,4-dinitrophenylhydrazine present in excess. For quan­
tita tive  determ inations it was found impracticable to elimi­
nate  entirely the yellow color of the excess reagent; conse-

F i g u r e  1 .  L i g h t  A b s o r p t i o n  o p  S o l u t i o n s  o f  t h e  2 , 4 - D i x i T R o r i i E . \ n . -  
H Y D R A Z O N E  O F  2 - M e T H Y X -1 ,4 -N A P H T H O Q U 1 N O N E  A N D  O F  2 ,4 -D lN IT R O P H E N V I .-

H Y D R A Z IN E
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F ig u r e  2 . 2 ,4 - D in it r o p h e n y l h y d r a z o n e  o f  2 -M e t h y l -1 ,4  
N A P H T H O Q U IN O N E  ( X  1 0 0 )

quently the solutions compared colorimetrically were always 
green to blue-green. Identical shades of green could be ob­
tained in the known and unknown test solutions by control­
ling the am ount of the unknown sample taken for a determ ina­
tion

Curves representing the light absorption of the 2,4-dinitro- 
phenylhydrazone of 2-m ethyl-l ,4-naphthoquinone and of 2,4- 
dinitrophenylhydrazine are shown in Figure 1.

The data for these curves were obtained with a Cenco-Sheard 
spcctropliotelometer. The 2,4-dinitrophenylhydrazone was dis­
solved in a mixture of one part ethanol and one part concentrated 
ammonium hydroxide (specific gravity 0.90). The solution of
2,4-dinitrophenylhydrazine was prepared by dissolving 2.5 mg. 
of this substance in 5.0 ml. of 2 N  hydrochloric acid contained in a 
100-ml. volumetric flask, adding 10 ml. of ethanol followed by 10 
ml. of a mixture of one part ethanol to one part concentrated am­
monium hydroxide, and finally filling to the mark with 95 per cent 
ethanol.

Molecular absorption coefficients were plotted for curve 1, 
Figure 1, representing the absorption of the dinitrophenylhy­
drazone, which has an  absorption maximum a t 635 mju. The 
curve representing the absorption of 2,4-dinitrophenylhydra­
zine was then plotted to  illustrate the relative absorptions of 
the two components in the  solution as used for quantitative 
determinations. From  the curves it  m ay be noted th a t 2,4- 
dinitrophenylhydrazine, under the conditions of the deter­
mination, possesses no conflicting absorption in the region 
where the dinitrophenylhydrazone exhibits an  absorption 
maximum. I t  is suggested th a t measurem ents with a spec­
trophotometer, adjusted for operation a t  635 mju, would in­
crease the accuracy of the method.

The 2,4-dinitrophenylhydrazone of 2-m ethyl-l,4-naphtho- 
quinone was readily obtained according to  the  following pro­
cedure:

A saturated solution of 2,4-dinitrophenylhydrazine in 2 N  hy­
drochloric acid was added to an ethanolic solution of 2-methyl-
1,4-naphthoquinone; the solution was warmed a t 00° to 70° C. 
for a few minutes and then slowly cooled. Upon recrystalliza­
tion from hot chloroform the crystalline product yielded bright 
orange needles and clusters (Figure 2), which sublimed when 
heated above 200° C. to form long orange needles, and melted 
with decomposition a t 299° C. Analysis for nitrogen gave the 
following results:

C alcu lated  for C iiH i!0»N i (352.30) N , 1 5 .9 2  
F ou n d  N , 1 6 .0

The crystalline dinitrophenylhydrazone was very slightly 
soluble in neutral solvents bu t dissolved readily on the addi­
tion of ammonia or other alkaline reagents with the produc­
tion of a bright blue color (spectrum, Figure 1). The en­
hanced solubility and the change in color from orange to  blue 
produced by the addition of bases was attribu ted  to  the forma­
tion of the aci-salt of the nitro  groups in the dinitrophenylhy- 
drazine nucleus, with the consequent production of an o- or p- 
quinone configuration coupled to  the 2-m ethyl-l ,4-naphtho- 
quinone structure. By careful neutralization of the blue al­
kaline solutions, orange crystals of the dinitrophenylhydra­
zone could be recovered.

The p-nitrophenylhydrazone of 2-m ethyl-l,4-naphthoqui­
none was also prepared and found to  exhibit properties similar 
to  those of the 2,4-dinitrophenylhydrazone. However, the 
instability of p-nitrophenylhydrazine as a reagent prevented 
its use in quantita tive determinations. 2,4,6-Trinitrophenyl- 
hydrazine was found too insoluble in hydrochloric acid solu­
tions to  be used as a reagent.

In  T able I  a  comparison is shown of the results obtained on 
assay of m arketed specimens of 2-m ethyl-l,4-naphthoquinone 
dissolved iii vegetable oil by  direct spectrophotometric meas­
urem ent (1) and by  the m ethod described below.

F urther controlled experiments indicated th a t 1 mg. of 2- 
methyl-1,4-naphthoquinone dissolved in ethanol could be de­
termined with an accuracy of ± 3  per cent by  th is method, 
employing a  visual colorimeter; when the naphthoquinone 
was dissolved in vegetable oil the accuracy was about ± 5  per 
cent. Chlorobutanol was found to  have no effect on the ac­
curacy of the determination.
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T a b l e  I. C o m p a r i s o n  o f  D i b e c t  S p e c t r o p h o t o m e t r i c  a n d  
2 ,4 - D in it r o p iie n y l h y d r a z o n e  C o l o r im e t r ic  M e t h o d  f o r  

D e t e r m in a t io n  o f  2 -M ethylt- I ,4 - n a p h t h o q u in o n e

2 -M e th y I - lf4-n ap h th oq u in on e C o n ten t F ou n d

Specim en
N o .

D in itrop h en ylh yd razon e
m ethod

D irect
sp ectrop h otom etric

m ethod D ifference
M g . /m l . M g . /m l . M g . /m l .

A 0 .9 3 0 .9 4 0 . 0 1
B 1 .9 0 1 .9 6 0 .0 6
C 0 .8 2 0 .7 7 0 .0 5
D 0 .7 5 0 .7 0 0 .0 5
E 1 . 0 0 0 .9 4 0 .0 6
F 2 .0 6 2 . 0 2 0 .0 4

M eth o d
R e a g e n t s .  Standard 2-methyl-l,4-naphthoquinone solution. 

Dissolve 25 mg. of 2-methyl-l,4-naphthoquinone, melting point 
105-107° C., in 50 ml. of 95 per cent ethanol. This solution is 
stable for about one week if stored in a cool, dark place when not 
in use.

Dinitrophenylhydrazine reagent. Dissolve 50 mg. of reagent 
quality 2,4-dinitrophenylhydrazine in 20 ml. of 2 N  hydrochloric 
acid.

Ethanolic ammonia solution. Mix one part of 95 per cent 
ethanoi with one part of concentrated ammonium hydroxide 
(specific gravity 0.90).

P r o c e d u r e .  Transfer a  sample (oil solution or alcoholic ex­
tract) calculated to contain about 0.5 mg. of 2-methyl-l, 4-naph­
thoquinone to a 50-ml. volumetric flask. Place 1.0 ml. of the 
standard alcoholic solution of 2-methyl-l,4-naphthoquinone in a



second 50-ml. volumetric flask and adjust the volume in both 
flasks to 5 ml. with ethanol. If the unknown contains oil, add 
an equivalent amount of the same kind of oil, free from naphtho­
quinone, to the flask containing the standard solution and shake 
both flasks thoroughly. Add 1.0 ml. of the 2,4-dinitrophenyl­
hydrazine reagent to each flask and place both flasks in a water 
bath maintained at 70° to 75° C. for 15 minutes. If oil solutions 
are being assayed, the flasks must be shaken vigorously once 
every 3 minutes to ensure complete reaction; otherwise, only 
occasional shaking is necessary. At the end of the heating period, 
cool the flasks to room temperature by immersion in a water bath 
and add to each flask 5.0 ml. of the ethanolic ammonia solution. 
Shake the flask thoroughly, fill to the mark with 95 per cent 
ethanol, and compare the solutions in a colorimeter. When oil 
is present in the flasks, allow the solutions to stand for 15 minutes 
in order tha t the oil may separate, and use the supernatant liquid 
for the determination.

Note. 2-Methy 1-1,4-naphthoquinone is decomposed by pro­
longed exposure to light; consequently, it is best to carry out the 
determination in subdued light.

D isc u ss io n
Because the excess reagent contributes to the final color, 

the same volume of dinitrophenylhydrazine reagent solution 
m ust be added to the unknown and to  the standard  when the 
color comparison is performed visually. In  practice, if the 
developed color of the unknown solution is found to  vary  more 
than 10 per cent from the standard, a  second determ ination is 
m ade with an  adjusted volume of the unknown sample. 
Consistently accurate results m ay be obtained in this manner.

Ammonia was found to  be the m ost satisfactory alkaline 
reagent for the development of the  blue color. Strong alka­
lies, such as sodium or potassium hydroxides in small amounts, 
led to  extensive decomposition of the excess dinitrophenylhy­
drazine and to  the production of colored derivatives, which in­
terfere with color comparison.

I t  was observed th a t the addition of concentrated ammo­
nium hydroxide solution produced some decomposition of the
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excess dinitrophenylhydrazine as a result of high local con­
centrations of alkali a t  the point of addition. This difficulty 
was overcome by the use of less alkaline alcoholic ammonia 
solution to  develop the color. A final concentration of 0.6 
N  ammonium hydroxide was found necessary to  effect com­
plete conversion of the alcohol-insoluble 2,4-dinitrophenyI- 
hydrazone to  the blue alcohol-soluble compound.

S u m m a ry
A m ethod for the quantitative estim ation of 2-m ethyl-l,4- 

naphthoquinone and related substances, applicable to  oil 
solutions or alcoholic extracts, depends upon the interaction 
of 2,4-dinitrophenylhydrazine w ith 2-m ethyl-l,4-naphtho­
quinone and the subsequent production of a blue to  blue- 
green color by the addition of alcoholic ammonia.

The 2,4-dinitrophenylhydrazone of 2-m ethyl-l,4-naphtho­
quinone has been isolated and characterized, and the absorp­
tion spectra of the 2,4-dinitrophenylhydrazone of 2-methyl-
1,4-naphthoquinone and of 2,4-dinitrophenylhydrazine dis­
solved in alcoholic ammonia have been determined.

A c k n o w le d g m e n t
The d a ta  for the absorption curves reproduced in Figure 1 

were obtained through the  courtesy of Thorfen R . Hogness, 
in the  laboratories of Spectroscopic Biological Investigations, 
U niversity of Chicago, w ith the assistance of R ichard Abrams.

The author wishes to  express his appreciation to  A. E . Sid- 
well, Jr., of this laboratory, for suggestions and criticisms dur­
ing the course of this work.
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Colorimetric Determination of Low Concentra­
tions of Sodium Nitrate in Sodium Nitrite

W IL L IA M  SE A M A N , A . R . N O R T O N , W . J .  M A D E R , a n d  J . J .  H U G O N E T  

C alco C h em ic a l D iv is io n , A m e r ic a n  C y a n a m id  C o m p a n y , B o u n d  B ro o k , N . J .

A M ETHOD was needed for the determ ination of sodium 
n itrate in sodium n itrite  samples in concentrations of 

about 1 per cent or less. In  order to  obtain fairly precise 
values, those m ethods were excluded from consideration 
which depend upon the determ ination of n itra tes by the dif­
ference in the to ta l nitrogen value and the n itrite  value, 
because the errors would all be throw n upon the minor con­
stituent. Of the direct m ethods which have been reported 
for n itrate, the colorimetric ones seemed m ost promising.

These fall into two classes. The first class comprises 
tests such as those with diphenylamine and w ith ferrous sul­
fate which are not specific for n itra tes b u t are also given by 
nitrites. The use of such tests would require the preliminary 
removal of nitrites. In  order to  avoid the necessity for doing 
this, attention was turned to  the second class—namely, 
tests w'hich have been reported as being specific for n itra tes 
and not subject to interference by nitrites. This claim has 
been m ade for two methods in particular; one by  Wolf and 
H eym ann (11) involves the formation of a  color by  means of
2,4-diamino-6-hydroxypyrimidine in  the presence of sulfuric 
acid; th e  other by Pesez (7, 8) depends upon n itrating  nitro­
benzene to  dinitrobenzene by  means of the n itra te  in sulfuric

acid and reacting the  product according to  Janowski (2) 
w ith acetone and alkali to produce a color which is a measure 
of the n itra te  present. The authors of both m ethods claimed 
th a t n itrites do no t interfere. The present authors have been 
unable to  confirm their claims in  th is respect; on the con­
trary , they  find th a t n itrites do interfere. Even recrystal­
lized sodium n itrite  gives a variable intensity  of color.

The reason for th is is of fundam ental im portance in con­
sidering claims for the specificity of any  m ethod for nitrates 
in  the presence of n itrites. W henever i t  is necessary to carry 
ou t such an analysis by  trea tm en t of the sample, which still 
contains nitrite, in the presence of a  considerable concentra­
tion of strong acid, then the  analysis cannot be reliable, 
because some of the free n itrous acid which is formed will 
decompose to form nitric acid, presum ably according to the 
well-known reaction:

3H N 02 — >■ UNO, +  2NO +  H20

W hen analyzing samples consisting alm ost entirely of 
sodium nitrite, the am ount of n itra te  which is formed is suf­
ficient to  v itia te  the analysis.

Since no m ethod was available which could be applied



directly to the presence of nitrites, i t  became necessary to 
consider removing the n itrite before applying any m ethod for 
the determ ination of the nitrate.

A number of reagents have been recommended for this pur- 
ose. Using hydrazine (4) sulfamic acid (1), urea (5), and 
ydroxylamine (3), the authors were unable to prevent the 

formation of nitric acid. Ammonium chloride was also tried 
in a manner similar to tha t described by Nelson, Levine, and 
Buchanan (6) in a  slightly alkaline medium (pH about 7.5). 
The treated solution was then evaporated to dryness, after which 
it was reacted with silver sulfate in a small volume of added water 
to remove excess chloride, which would interfere with the nitro­
benzene reaction. I t  was found tha t tests for nitrate could be 
obtained with pure sodium nitrite. Since the decomposition 

* of the nitrite is carried out in a slightly alkaline medium, there is 
little likelihood of the formation of nitrate. I t  is more likely 
that some nitrite remains undestroyed. This would interfere 
with the final color test, if present as such, or if partially con­
verted to nitrate by oxidation upon concentrating the solution. 
The procedure described by Nelson, Levine, and Buchanan re­
quires a high excess of ammonium chloride for complete destruc­
tion of the nitrite. Because of the need for removing excess 
chloride in the authors’ procedure, this was not practical, since 
they had about 0.1 gram of sodium nitrite and so would require 
too much ammonium chloride.

Sodium azide was a more satisfactory reagent. I t  is said 
to act in the following m anner (10):

HNj +  H N 02 — >- N20  +  N2 +  H20

Sommer and Pincas (10), who recommended i t  for the 
destruction of n itrite  in order to  perm it the  determ ination 
of n itrate, were able to remove n itrite  completely and found 
no conversion to  n itra te  when the la tte r was tested for by 
diphenylamine. The authors confirmed this report, b u t did 
not consider diphenylam ine a suitable reagent for the quan­
titative determ ination of n itra te . One reason is its lack of 
specificity, since it  would respond to  contam inants such as 
ferric iron or other oxidants. A nother reason is th a t the 
usual technique in applying the diphenylamine test, which 
involves the formation of a colored ring upon stratifying the 
sample solution on the diphenylam ine reagent, did not seem 
promising for quantita tive purposes. Pesez’s m ethod ap­
peared more promising, b u t th e  authors found th a t the use of 
sodium azide as recommended by Sommer and Pincas did 
result in the formation of some n itra te  from nitrite.

Presumably Pesez’s m ethod is more sensitive than the di­
phenylamine test. In  order to  use this method, the factors 
involved in the azide decomposition reaction were studied in 
order to  avoid any form ation of n itra te, while a t  the same 
time getting complete destruction of nitrite. I t  was found 
essential to  control the relative concentrations of nitrite, 
sulfuric acid, and sodium azide. If  too much azide is used, 
there seems to  be some destruction of n itra te  (possibly by  the 
reducing action of the free hydrazoic acid). If too little  is 
used, some n itrite will escape destruction and will be con­
verted to n itra te  during the application of Pesez’s method. 
The concentration of sulfuric acid m ust be controlled so as to 
have only a  small excess present over the am ount which is 
just necessary to  convert the n itra te  to  nitric acid and the 
sodium azide to hydrazoic acid. The eSect of differences in 
the time and tem perature of the reaction was studied.

After the n itrite  has been destroyed, the solution is made 
alkaline and evaporated to  dryness. Pesez’s m ethod is then 
applied to the solid residue. The influence of such variables 
as time and tem perature, volumes of reagents, and moisture, 
both upon the n itra tion  and upon the development of the 
color after n itration, wras studied.

P rec is io n  a n d  A ccu racy

By using the m ethod w ith the technique carefully controlled 
as described, it has been possible to  distinguish w ithout dif—
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ficulty (in 0.1-gram samples) each of the members of the 
series—0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, and 1.0 per cent 
sodium n itra te—from the preceding and the following mem­
ber of the series. This precision wTas sufficient for the 
authors’ purposes, b u t i t  is possible th a t the m ethod could be 
developed to  a greater precision. Beyond a concentration 
of 0.6 per cent the higher intensity  of color results in a  loss 
in the sensitivity w ith which successively higher concentra­
tions m ay be differentiated.

M eth o d  o f  A n a ly sis
C a u t i o n ' .  Because of] the poisonous nature of hydrazoic acid 

it is well to carry out the analysis in a hood.
R e  a g e n t s . Sodium Azide Solution (A). The sodium azide 

solution must be made up to be 0.0581 N. I t  is prepared by 
weighing out and dissolving in water enough solid sodium azide, 
which has previously been assayed according to the method of 
Reith and Bouwman (9), to make a solution of 3.7765 grams of 
100 per cent sodium azide per liter. The azide solution is satis­
factory if, using the procedure described, a colorless test solution 
is obtained with 100 mg. of recrystallized sodium nitrite and a 
pinkish-lilac color is obtained with 100 mg. of recrystallized 
sodium nitrite plus 0.1 mg. of sodium nitrate.

Sodium Nitrite Solution (B). c. p . sodium nitrite is recrystal­
lized from water several times to ensure the absence of nitrates. 
A solution is made up to contain exactly 0.4000 gram per 100 
ml.

Sodium Nitrate Solution (C). c. p . sodium nitrate is dissolved 
in water to give a solution which contains 0.1 mg. of sodium 
nitrate in 1 ml.

Nitrobenzene. A redistilled product with a freezing point 
not less than 5.2° C.

Concentrated sulfuric acid, N  sodium hydroxide solution, 5 
N  sodium hydroxide solution, and N  sulfuric acid solution.

P r e p a r a t i o n  o p  S t a n d a r d  S o l u t i o n s .  Standard solutions 
are prepared by mixing 25.0-ml. portions of Solution B with 
Solution C. Each milliliter of Solution C corresponds to 0.1 
per cent sodium nitrate. Standards are made up to correspond 
to 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, and 1.0 per cent sodium 
nitrate.

P r e p a r a t i o n  o f  S a m p l e  S o l u t i o n .  The sodium nitrite 
sample solution is made up to contain exactly 0.1 gram of sodium 
nitrite in 25 ml. of water. For this purpose the sodium nitrite 
is assayed by titrating 0.1 N  sodium sulfanilate in an acid medium 
with the nitrite, using a potassium iodide-starch paste as a streak 
indicator for the end point.

D e s t r u c t i o n  o p  N i t r i t e  a n d  D e v e l o p m e n t  a n d  M a t c h i n g  
o r C o l o r s .  The standard solutions and 25-ml. portions of 
the sample solution (from a transfer pipet) are placed in 100-ml. 
beakers. From a transfer pipet 25 ml. of Solution A are added 
and then 3.5 ml. of N  sulfuric acid. The solutions are stirred 
immediately and then occasionally during 15 minutes, a t which 
time all gas evolution should have ceased. The solutions are 
then made just faintly alkaline with N  sodium hydroxide solu­
tion, spotting on phenolphthalein indicator paper for the end 
point and using no more than one drop in excess. The amount 
of sodium hydroxide necessary varies from 0.5 to 0.7 ml. The 
solutions are then evaporated to a small volume on a hot plate, 
transferred to a steam bath, and evaporated to dryness two or 
three times with the aid of some added absolute alcohol to ensure 
complete absence of moisture from the solid residue.

The residue is powdered with a small stirring rod, the beaker 
is cooled in ice, and exactly 3 drops of nitrobenzene are added 
from a capillary dropper. (The same dropper is used for the 
standards as for the sample in order to be certain of uniformly 
sized drops.) The nitrobenzene is rubbed up with the residue, 
and then exactly 0.35 ml. of concentrated sulfuric acid (from a 1- 
ml. Mohr pipet) is mixed in. The mixture is allowed to stand 
for 3 minutes in the ice bath with occasional stirring. During 
this time 5 ml. of 5 W sodium hydroxide solution are transferred 
to a 20-ml. glass-stoppered test tube by means of a transfer pipet 
or a buret. The reaction mixture in the beaker is then rubbed 
twice with 5-ml. portions of c. p . acetone. The acetone is trans­
ferred to the tube containing the 5 N  sodium hydroxide solution. 
(It is not necessary to remove the solid m atter from the beaker.) 
The tube is shaken vigorously with an up and down motion 50 
times, then allowed to stand for 3 minutes a t room temperature, 
and finally immersed in an ice bath. After cooling, the colored 
acetone layer of the sample is compared with those of the stand­
ards within 30 minutes. The acetone may, if desired, be removed 
from the alkali layer. The color seems to fade less rapidly if 
that is done.
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E f f e c t s  o f  V a r i a t i o n s  i n  C o n d i t i o n s .  The solution con­
taining the sample (or standard) and sodium azide was allowed 
to stand up to 20 minutes before adding the sulfuric acid, with 
no effect upon the results. The sulfuric acid could be added 
rapidly rather than dropwise without influencing the values for 
nitrate. Instead of 3.5 ml. of N  sulfuric acid as little as 3.0 
ml. and as much as 4.0 ml. were used without adverse effects.

The effect of changing the temperature of the solution from 
room temperature during the addition of the azide and the sul­
furic acid and during the subsequent stirring period was studied. 
At a temperature of 50° to 60° C. the colors were intensified 
and it was impossible to obtain colorless blanks. This may have 
been the result of some loss of hydrazoic acid (boiling point 
38° C.) which would cause an incomplete destruction of nitrite, 
thereby allowing some of the nitrite to become converted to 
nitrate, which would produce a colored blank. No advantage 
could be observed in cooling; room temperature seemed to be 
most advantageous.

S u m m a ry
M ethods for the determ ination of low concentrations of 

nitrates in the presence of n itrites have been examined for 
which claims have been made th a t n itrites do no t interfere.
I t  has been found impossible to substantiate these claims, 
since some conversion of n itrite  to n itra te  always occurs. 
The removal of n itrites by  various reagents was then tested 
and sodium azide was found m ost suitable. A procedure 
was worked ou t which involves the removal of nitrites by
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means of sodium azide and the subsequent colorimetric 
determination of the nitrate by modifications of a reported 
procedure involving the nitration of nitrobenzene and the 
development of a color with acetone and alkali. Concentra­
tions of sodium nitrate up to 1 per cent have been determined.
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Ultraviolet Absorption o f Vitamin A in Various 
Solvents

F . P . Z SC H E IL E  A N D  R . L . IIE N R Y  
P u r d u e  U n iv e r sity  A g r icu ltu ra l E x p e r im e n t S ta t io n , L a fa y e tte , In d .

SOM E disagreement exists regarding the numerical value 
of the absorption coefficient of vitam in A a t  the maxi­

mum of its absorption curve in the ultraviolet (2, 4, 6, 7, 8, 
11). Since very pure preparations of crystalline vitam in A 
are now available (2), a  study  of this value was made for 
solutions in m any of the commonly used solvents which 
m ight be employed in the assay of vitam in A products. In  
this paper, vitam in A indicates vitam in A:.

E xp er im en ta l P ro ced u re
The absorption values were determined with a photoelectric 

spectrophotometer recently employed in spectrophotometric 
studies on chlorophyll (12) and linseed oil (9). A large Miiller- 
Hilger Universal double monochromator with crystal quartz 
optics was the dispersion instrument. A hydrogen arc of the 
Munch type (10), constructed of quartz, was the source of radia­
tion for many of these measurements. An incandescent filament 
lamp with a clear Pyrex bulb was the source of radiation for 
most of the measurements above 3100 A .  All determinations 
were made on solutions at 25° C.

For^these measurements, all slits were of uniform width, with 
the exit slit 6 mm. in length. Slit widths were as follows [num­
bers in brackets indicate the corresponding spectral region iso­
lated, as defined by Hogness, Zscheile, and Sid well (5)]: 0.30 to 
0.80 mm. (6 to 16 A . )  at 2240 A.; 0.20 to 0.80 mm. (5.2 to 20.8
A.) a t 2400 A . ;  0.0S to 0.15 mm. (4.2 to 7.8 A . )  a t 3000 A . ;
0.12 to 0.20 mm. (S.2 to 13.6 A . )  a t 32S0 A . ;  0.20 mm. (16.4 A . )  
a t 3500 A.; and O.OSmm. (8.5 A . )  at 3760 A .  The results were 
independent of slit width in the ranges employed. For instance, 
when the slit widths were varied from 0.06 to 0.50 mm., the ab­
sorption value a t 32S0 A .  remained constant. A decrease of only 
1 per cent occurred when slits of 0.95 nun. were used.

The absorption spectra reported here are expressed in terras 
of E\%m , defined as follows:

E\fm . =  loS‘° J  
cT ~

where 7o =  intensity of radiant energy transmitted by solvent- 
filled cell

I  =  intensity of radiant energy transmitted by solution- 
filled cell

c — concentration in grams per 100 ml.
I =  thickness of solution layer in centimeters

The cell length was 1 cm. and the concentration was adjusted 
to keep the logio y  values between 0.200 and 0.800 in order to
obtain high precision (5).

“Iso-octane” was distilled over solid sodium hydroxide. 
Cyclohexane was purified by repeated recrystallization and dis­
tillation. Other solvents were purified in accordance with the 
practices of this laboratory (13). All alcohols were treated in the 
same manner as ethanol. Amber glassware (3) was not used in 
the experiments reported here.

The samples studied were purified in the laboratories of Dis­
tillation Products, Inc., by molecular distillation and subsequent 
crystallization (2). Samples B-152 and B-153 were received in 
vacuum, packed in dry ice. All observations were made 3 to 
4 days after receipt of sample. Sample B-210 was received in 
vacuum at room temperature and stored in dry ice until studied, 
6 to 15 days later. Samples were kept in vacuum a t dry ice 
temperatures in the dark as much as possible between the neces­
sary weighings for different solvents. Maximum absorption 
values of all samples were determined within 10 minutes to 1 
hour after the weighings was made.

E f f e c t  o p  I n c a n d e s c e n t  F il a m e n t  R a d ia t io n  on  Ab­
s o r p t io n  V a l u e s . C ertain tests were m ade to  determine 
the effect of the radiation employed in  the absorption meas­
urem ents themselves.



May 15, 1942 A N A L Y T I C A L  E D I T I O N 423

F i g h i e  1 . A b s o r p t i o n  
S p e c t r a  i n  E t h e r  a n d  

A l c o i o l  S o l u t i o n s

The absorption of a fresh solution 
of vitamin A (B-210) in ethanol was 
measured a t 3280 A .  An exposure 
of 6 seconds to a very low intensity 
of radiation from the exit slit of the 
monochromator is required „for a
single determination of logio j -
Three successive determinations at 
3280 A .  gave the same result. Then 
eight determinations were made 
from 3520 to 3300 A , . ,  followed by 
three more at 3280 A. Ten more 
determinations followed at intervals 
from 3260 to 3020 A., succeeded by 
three additional ones a t 3280 A .
The values obtained at 3280 A. re­
mained constant to —0.5 per cent 
throughout these measurements.
Then the same solution in the ab­
sorption cell was held directly in 
front of the 72-watt incandescent
filament radiation source for successive periods of 3, 9, and .. .
minutes and the absorption at 3280 A .  was determined after each cases. D ata  m columns numbered 1 are from the same solu- 
exposure. During this series, the absorption at 3280 A .  remained tion; those in columns numbered 2 are from solutions made 
constant to =0.2 per cent. vom different weighings of the original sample.

R e su lts

Figure 1 presents the absorption data  of vitam in A in 
diethyl ether and various alcohols and of vitam in A palm itate 
in ethanol from 2240 to  3760 A .  Figure 2 contains similar 
data for solutions in several hydrocarbon solvents. Lines 
are drawn through the points for ethanol and isooctane 
(2,2,4-trimethylpentane) only.

Tables I, I I ,  and I I I  present the numerical E \ cm. values 
for all preparations in the solvents studied, a t  wave lengths 
3260 and 3280 A .  Values a t  3240 A .  are included in  some

T a b l e  I. A b s o r p t i o n  C o e f f i c i e n t s  f o r  V i t a m i n  A  No. B-210 

  B    3280 A . .
Solvent

Ether 
M ethanol 
Ethanol 
2-Propanol 
Isooctane 
Cyclohexane 
Hexane

1782
1730
1698

5 to  6 weeks a fter preparation)
A. 3260 X.

2 1 2
177S 1752

1734 1760 1734
1712 1715 1712
16S0 1698 1660

1660
1605 1590
1688 • 1662

1 2

1723 1700
1730 1696
1700 1082
1655 1642
1652
1605 1570
1665 1660

T,.
' II. A b s o r p t i o n  C o e f f i c i e n t s  f o r  V i t a m i n  A  N o .  B-152

(D eterm ined  19 w eeks after preparation)
3260 A. 3280  A.

2 1 2E\en t
IsoJ
H e ite

1
1685
1010
1600

1695
1630

1660
1590
1565

1640
1600

T a b l e  III.
i r p t i o n  C o e f f i c i e n t s  f o r  V i t a m i n  A  P a l m i -  

(1

S o lv en t

E th an o l
Isooctane
H exane

TATE No. B-153 
l in e d  15 w eeks a fter preparation)

3260 Â . 3280 Â.
1 2 1 2

920 930 910 926
no 900

') 878 862 870

’ss io n
For most solvents, a di 

curve in the region of 3150 Æ inflection appears in  the 
sample B-152 than  for B-2’h is js  more pronounced for 
maximum of absorption was fcî  ̂ith  one exception the

a t wave lengths shorter
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than 3280 A., usually a t  3260 A .  (a t 3240 A. for v itam in A No. 
B-210 in alcohols). Baxter and Robeson (1) find maximum 
absorption a t  3260 A .  for most preparations. Similar find 
ings were reported by McFa.rla.il, Bates, and IMeirill 
These findings are slightly different from the wave l e n p j  
3280 A .  usually given for the maximum. T he c u r v e s ^  
preparations examined in the region of lower wave^n 
have a second maximum (at 2450-2500 A. for v*  
and 2500-2550 A .  for the palm itate). /sample

I t  is noted th a t the maximum E \  cl°n. v a lu e /  gjnce 
B-210 is higher than  th a t for B-152 in all sd& al period 
sample B-210 had been stored for a  much shor^^jQns were 
than  B-152 before the spectroscopic detej£r former 
made, more emphasis should be placed on vajgvacuation of 
preparation. I t  is possible th a t incomDjaj oxidation of 
air from the ampoule could have eausec]4 slightly higher 
sample B-152. In  general, the maxir^0iVents. 
in alcoholic solvents than  in hydrocavfollowing maximum 

Baxter and Robeson (1) o b t a i n e d ^  a |  3250 A., soon 
E \  values for ethanol s o lu t io n ^  for B . 152j and 960 
after preparation: 1740 for B-2^f reported here
for B-153. The maximum va'(average 1721 for sample 
for ethanol solutions of vitarone as the average maximum 
B-210 a t  3240 A . )  are nearly t'b y  Baxter and Robeson ( 2 ) .  
value 1725 (a t 328 m/j.) ref

I t  is evident from their results 
and those reported here th a t 
small differences exist among 
the m ost carefully prepared sam­
ples. The solvent has a definite 
effect upon the maximum absorp­
tion value.

The average maximum E \  
values for vitam in A palm itate 
m ay be compared w ith those for 
the vitam in A sample (B-152) 
which is m ost comparable to  it 
with respect to age when ex­
amined spectroscopically. The 
ratios of the corresponding values 
(0.547 for ethanol) agree well 
w ith th e  inverse ratio  of the 
molecular weights

/  vitamin A 286. 
V palmitate 524 " 0 .5 4 7

This agreement is better a t  3260 A. than  a t  3280 A .  For 
solutions in ethanol and hexane, the difference between ratios 
is only 0.37 per cent a t  3260 A .

Recently Em bree (S) has discussed reasons for the insta­
bility  of vitam in A in solution, especially when subjected to 
ultraviolet radiation, and has emphasized the importance of 
keeping such solutions in am ber glassware. The above ex­
perim ents on the effect of incandescent radiation indicate that 
the radiation conditions employed in these measurements 
did not cause any change in absorption values and th a t the 
slit w idths employed were sufficiently small to  ensure repro­
ducible values. O ther tests in the ultraviolet region indicate 
the absence of significant scattered radiation. Baxter and 
Robeson (1) have been unable to  detect deterioration of 
vitam in A during spectrographic measurements.

A ck n o w le d g m e n t

T he vitam in samples for this study were supplied through 
the generosity of K. C. D. Hickm an and J. G. Baxter, Distil­
lation Products, Inc.-, Rochester, N . Y. T he authors are 
further indebted to  D r. Baxter for several suggestions on the
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use of certain solvents and concerning the study  on the effect 
of radiation during the measurements.
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Determination o f Certain Quercetinlike 
Substances

Using a K lett-Sum m erson Photoelectric Colorimeter

C L A R E N C E  W . W IL S O N , C a lifo rn ia  F r u it  G row ers E x ch a n g e , O n ta r io , C a lif ., A N D  L E R O Y  S . W E A T H E R B Y  A N D  

W IL L IA M  Z. RO CK , U n iv e r s ity  o f  S o u th e r n  C a lifo rn ia , L os A n g e le s , C a lif.

IT  WAS observed by one of the authors th a t boric acid 
dried w ith lemon juice gave a brilliant yellow coloration 

(S). F urther work led to the conclusion th a t this coloration 
was produced by  a reaction between the boric acid and a 
flavone or group of flavones similar in structure to  quercetin:

More specifically it  has been postulated th a t the reaction 
is due to  the grouping w ithin the dotted  line (2, Ą). In ­
cluded in the m aterials thus reacting is citrin, believed by 
Szent-Gyórgyi to  have vitam in activ ity  and tentatively 
called by him  vitam in P  (1).

The necessity of a flavone-free diet in physiological work 
with citrin makes practical the te st to be used, as its sensi­
tivity will detect am ounts as low as 2 or 3 micrograms. The 
Wilson boric acid test has been discussed and used consider­
ably in a  qualitative m anner. However, i t  was the object 
of this work to develop some m ethod of accurate quantita­
tive measurem ent of flavones, using this test.

The color-forming substance, insoluble in toluene and 
chloroform, will dissolve in acetone sa turated  w ith boric acid 
to give a  yellow coloration, the intensity  of which is a quanti­
tative measure of the am ount of flavone present.

For color m easurem ent i t  was convenient to  use a K lett- 
Summerson photoelectric colorimeter w ith adaptor for the 
use of a  test tube graduated in 5- and 10-ml. divisions. This 
eliminates the necessity of m atching colors and is an accurate 
measure of the intensity  of color produced. The instrum ent 
has a logarithmic scale, thus making possible the production 
of linear curves on ordinary graph paper.

The intensity  of color is deepened considerably by an acid 
medium, b u t the strong acids react to  give yellow colors with 
flavones. Acetic acid is too weak to  develop the color fully. 
Anhydrous citric acid has been found suitable, considering 
strength, acetone solubility, and availability. (Citric acid 
hydrate m ay be conveniently rendered anhydrous by  allowing

it  to effloresce completely in air a t  30° to  40° C., followed by 
heating in a th in  layer to  100° for 2 hours.) However, on 
long standing w ith boric acid, citric acid produces a yellow 
coloration, so th a t i t  was necessary to  mix the two m aterials 
immediately before use. This was done by  mixing equal 
parts of two filtered solutions prepared as follows:

A. Acetone 100 ml., anhydrous citric acid 10 grams
B. Acetone 100 ml., boric acid to saturate

This m ixture is referred to  hereafter as borocitric reagent. 
These separate solutions are apparently  stable indefinitely.

I t  was found th a t m etaboric acid gives a more intense 
coloration, b u t the sensitivity of the solution to  traces of 
moisture, as shown by copious precipitates of boric acid, was 
too great, and the use of m etaboric acid was discontinued. 
The authors recognized the possibility of advantageous use 
of metaboric acid if its concentration was restricted to  the 
equivalent of boric acid saturation.

As the depth of color is affected greatly by traces of mois­
ture, a ttem pts wrere made to  dehydrate the solvent acetone.' 
As these m ethods of dehydration gave values which varied 
slightly, i t  was considered best to standardize w ith quercetin 
and to use one sample of acetone for all reagents. M erck's 
“Blue Label” acetone was found adequate as to  dryness.

M eth o d  o f  S ta n d a r d iz a tio n
The standard used for the work with quercetin was prepared 

by C. E. Sando (Food Research Division, Bureau of Agricultural 
Chemistry and Engineering, Washington, D. C.) and repurified 
by Wilson. Weighed amounts of quercetin were dissolved in 
acetone and diluted to 100 ml. in volumetric flasks. The first 
sample of 56 mg. was found to give a color far too intense for the 
scale of the colorimeter. Therefore, further work was done with 
samples between 10 and 15 mg.

Using the industrial test-tube model of the Klett-Summerson 
colorimeter, the test tube was filled to the 10-ml. mark with a 
mixture of equal volumes of solutions A and B, and the zero 
point set for this reagent, using the blue filter No. 42 accompany­
ing the instrument (value 400 to 465 millimicrons). The acetone- 
quercetin solution was then dropped into the test tube, using a 
serological pipet, graduated in 0.01-ml. divisions. After the 
addition of each 0.1-ml. the tube was removed from the instru­
ment, shaken well to ensure proper mixing, and re-inserted and 
a reading was taken. The addition of 1 ml., in 0.1-ml. intervals, 
was found sufficient to determine response curves.

As the quercetin solution is itself yellow, it was ‘necessary also 
to obtain a curve of colorimeter response to the acetone-quercetin
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F i g u r e  1

T a b l e  I. C a l i b r a t i o n  o f  C o l o r i m e t e r  w i t h  Q u e r c e t i n

(Q uercetin  stren gth : 10.2 m g. per 100 m l.)
M l. of S olution M icrogram s of S ca le  R ead in g  w ith:
A dded to  10 Q uercetin  per 10 M l. B orocitric C itr ic  a c id - N e t
M l. of R eagen t of Solution® reagent aceton e R ead in g

0 . 1 1 0 . 1 28 . 6 2 2
0 . 2 2 0 . 0 55 1 0 45
0 .3 2 9 .7 81 14 67
0 .4 3 9 .2 105 18 87
0 . 6 5 7 .7 155 2 2 133
0 . 8 7 5 .6 2 0 2 26 176
1 . 0 9 2 .7 248 31 217

a Q uercetin  so lu tion  w as added to  10 m l. of reagen t, b u t con centration  of 
quercetin  is  ca lcu lated  as m icrogram s per 1 0  m l. of to ta l so lu tion .

T a b l e  II. F l a v o n e  D e t e r m i n a t i o n  i n  B i o l o g i c a l  M a t e r i a l s

M ateria l 
B eau  leaf 
L em on peel 
Lem on peel 
L em on peel 
R ab b it liver0 

a U nd etectab le.

W eigh t T ak en  
Fresk
1 7 .5 3
2 5 .7 5

5 .9 2
0 .8 9

D ry
1 .7 5 3
6 .7 9 9
1 .5 6 3
1 .8 2 0

V olum e of 
Solution  

T ak en , M l. 
1.0 
0.1 
0 .5  
0 .5

R ead in g w ith: 
B orocitric  C itric a c id -

reagent
151
113
142
170

aceton e
113

13
28
30

N e t
R ead in g

38
100
114
140

solution, free of the borofiavone reaction. This was done by 
mixing it with 5 ml. of solution A and 5 ml. of pure acetone and 
using the measuring technique described above. Thus a curve 
could be plotted for the borofiavone reaction and then for the 
acetone-quercetin solution alone. The net reading of these two 
curves gave the curve due to the borofiavone reaction with 
quercetin. From this curve were taken the data needed in 
determining quercetin equivalents of natural materials.

The reaction is so sensitive to moisture tha t all precautions 
must be taken to exclude even traces of moisture fiom the acetone 
and from the materials used. As little as 1 per cent of moisture 
decreases the color response by half. I t was necessary to dry 
the quercetin in a vacuum desiccator for 2 days before use and 
to use care in mixing the borocitric with the quercetin solution. I t  
Was advisable in shaking the test tube to cover its lip with thin 
tin foil (previously washed in acetone) rather than to run the 
risk of picking up moisture from the fingers.

The net curves based on these data are shown in Figure 1. 
As these are straight lines, it is both simple and advisable to 
replot them  for each lot of reagents.

E x tra ctio n  P roced u re
F or the determ ination of the quercetin equivalents of 

tissues, the following procedure was used:

The tissue was dried in a 60° oven under vacuum, then ground, 
and a sample was taken, generally from 1 to 5 grams. This was 
extracted with methyl alcohol in a Soxhlet extraction apparatus, 
and the extracted liquid was evaporated to dryness on a water 
bath. Clilorophyll, fats, resins, etc., were next removed from 
the dry extract by digestion with chloroform. Sometimes, be­
cause of the quantity of substances extracted by the methyl 
alcohol, this chloroform extraction is incomplete, chlorophyll 
often remaining. In such cases the residue may be redissolved 
in a small amount of methyl alcohol, a few milliliters of toluene 
added, the methyl alcohol removed by evaporation, and the 
chloroform digestion repeated. The resulting residue is dis­
solved in acetone, filtered, and diluted to 100 ml. in a volumetric 
llask.

The readings with borocitric reagent shown in Table II  were 
made by taking sufficient of the acetone solution of the extract 
to give a reading in the desired range (suitably 100 to 250) and 
adding sufficient reagent to fill the tube to the 10-ml. mark.

Blank determinations were then made, using the same quan­
tities of the extracts and a mixture of equal parts of solution A 
and acetone.

The net reading is the difference between these two sets of 
readings, and the quercetin equivalent value was the result of 
calculating the quantity found on the net curve back to the 
original material.

Results on some typical p lan t and animal m aterials are 
shown in Table II.

In  order to check the accuracy of the method of extraction, 
0.82 gram of dried bean leaves (representing 8.2 grams of fresh 
material) was added to an acetone solution of quercetin contain­
ing 1.70 mg. of quercetin. The acetone was evaporated and the 
fortified leaves were extracted as outlined above. The final 
residue was taken up in acetone and diluted to 50 ml. Using 
1 ml. of this solution, the net reading was 115, equivalent to 50 
micrograms of quercetin or 2.50 mg. of quercetin for the 8.2 
grams of fresh leaves. According to Table II this quantity of 
bean leaf contained 0.86 mg. The recovery of added quercetin 
was 2.50 -  0.86 or 1.64 mg.

Readings w ith smaller am ounts of bean leaf and lemon peel 
extracts showed a possibility of detection of am ounts as small

as 2 or 3 micrograms of quer­
cetin w ith the equipm ent used. 
Amounts below this would be 
difficult to detect.

R abb it liver, an  animal 
tissue, showed no detectable 
quercetin, whereas the plant 
tissues seem to be excellent 
sources. This m ay be explained 
in several ways: the unlikely 
possibility of a  flavone-free 
diet; the possibility th a t the 

flavones are changed in the anim al body into materials 
which do no t give the boric acid color reaction; and the pos­
sibility th a t the flavones are conjugated to  some form not 
solubilized by the procedure employed.

S u m m a r y
A m ethod for quantita tive determ ination of quercetinlike 

substances w ith the use of a K lett-Sum m erson photoelectric 
colorimeter has been described. Quercetin equivalent con­
te n t of bean leaves was found to  be 0.105 mg. per gram  and 
of lemon peel, 1.70 mg. per gram. No flavone could be 
detected in a  sample of rabb it liver. Pure quercetin added 
to  dried bean leaves was quantita tively  recovered.
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M icrogram s  
of Q uercetin  
E q u iv a len t  

1 8 .4  
4 4 .0  
4 8 .8  
00.0

Q uercetin  E q u iva ­
le n t, M g. per Gram  

of Fresh  W eight 
0 .1 0 5  
1 .71  
1 .6 5  
1 .7 4



Analytical Determination o f p-Toluidine 
in the Presence of Its Isomers

C. H . B E N B R O O K  a n d  R . H . K IE N L E  
C alco  C h em ic a l D iv is io n , A m e r ic a n  C y a n a m id  C o m p a n y , B o u n d  B rook , N . J .

TH E R E  has long been a need for an analytical m ethod for 
the determ ination of p-toluidine, particularly when pres­
ent in small quantities in mixtures of the isomeric toluidines. 

Commercial o-toluidine contains small quantities of both  the 
m eta and para isomers, b u t accurate m ethods are available 
for the determ ination of only the m eta isomer (3). The pres­
ent investigation supplies a m ethod for the determ ination of 
the para isomer.

P rin c ip les  o f  th e  M eth o d

In  earlier work on the stability  of diazo compounds (£) it 
was shown th a t a t  a  tem perature of 45° C. the stabilities of 
o- and wi-toluenediazonium chlorides are identical and very 
much lower than  the stability  of the para isomer. For ex­
ample, o- or m-toluenediazonium chloride is 99.9 per cent de­
composed a t  the  end of 36 minutes, whereas the para isomer 
requires 21 hours to  reach 99.90 per cent decomposition. Thus, 
if a  mixture of the isomeric toluidines is diazotized and al­
lowed to decompose, virtually  all of the o- and m-toluenedia- 
zonium chlorides will be decomposed in less than  an hour, and 
all nitrogen which is evolved from the reaction m ixture sub­
sequently m ay be a ttribu ted  to  the decomposition of p-tolu- 
enediazonium chloride. Since careful determ inations have 
been made of the rates a t  which the various diazonium com­
pounds decompose (2), i t  is possible to  calculate w hat per­
centage of the p-toluenediazonium chloride originally present 
will remain a t  the end of any chosen period of time. I t  was 
found, for example, th a t p-toluenediazonium chloride is 62 
per cent decomposed after 3 hours a t  45° C. Thus, if the 
nitrogen subsequently evolved from an unknown m ixture of 
isomeric toluenediazonium chlorides after 3 hours of decom­
position a t  45° C. is gathered and measured, i t  will represent 
38 per cent of the to ta l para isomer which was present in the 
unknown mixture. B y choosing 3 hours for the decomposi­
tion time, inaccuracies due to  the presence of aniline are 
avoided, since 2.5 hours are required for benzenediazonium 
chloride to  reach 99.90 per cent decomposition a t  45° C. The 
analytical m ethod described in detail below is an application 
of these principles.

IO O -C C . N IT R O M E T E R
W ITH 4 1 .6 %  ..............
KOH SOLUTION

MERCURY -

GROUND
J O IN T

B U B B L E  COUNTER 7

FROM CO2 
C Y L IN D E R

DECOM POSITION
F L A S K

C

F O U R -L IT E R  B E A K E R j E
& VAPOR TRAf= O '

F íg u r e  1 . D e c o m p o s i t i o n  a n d  N i t r o m e t e r  A s s e m b l y

A p p aratu s
The earlier work carried out in these laboratories on the sta­

bility of diazo compounds involved the use of an automatic re­
cording nitrometer (1), which was invaluable in working out the 
basis for the present analytical method. In the present work, 
however, a simpler apparatus has been found equally satisfactory. 
The setup used is shown in Figure 1 and consists of a cylindrical 
flask fitted with a ground-glass joint, a bubble counter or vapor 
trap, and a conventional nitrometer. A constant-temperature 
bath set a t 45° =*= 0.1° C. is also required but is not shown in 
Figure 1.

D eta ils  o f  P roced u re
A 0.05-mole sample of the mixed toluidines (5.354 grams) is 

dissolved in 90 ml. of 5 N  hydrochloric acid. The solution is 
cooled to 5° C. and N  sodium nitrite added from a buret, the tip 
of which extends below the surface of the solution. The solution 
is stirred mechanically and the sodium nitrite solution added at 
a rate not greater than 3.5 ml. per minute a t the beginning of the 
reaction and becoming even slower after the addition of 40 to 45 
ml. of nitrite (theoretical requirement 50 ml.). I t  is very im­
portant to avoid an appreciable excess of nitrite at any time, 
as this seriously affects the final results. The temperature must 
not exceed 8° C.

The progress of the diazotization is observed by dipping a glass 
stirring rod into the solution and touching the rod to white starch- 
iodide paper. An immediate development of blue color indi­
cates the presence of excess nitrite and the end point is reached 
when the immediate blue color which appears can be obtained 
repeatedly during a period of 5 minutes without further addition 
of nitrite. At the end of the 5 minutes the solution is trans­
ferred to flask C and diluted to 250 ml. with distilled water at 
5° to 8° C. and the flask is immersed up to the neck and clamped 
in a constant-temperature bath held a t 45° =■= 0.1° C. (not shown 
in Figure 1). The flask is left op'en to the air and provided with 
a high-speed electric stirrer. The solution is protected from strong 
direct daylight and held thus a t 45° C. for 180 ( ±  1) minutes. 
Upon removal it is placed immediately in the ice and water bath 
(E , Figure 1) and cooled as quickly as possible to 0° C.

During the cooling period the assembly shown in Figure 1 is 
completed. Pinchclamp B  is closed, stopcock A  is opened to the 
air, and carbon dioxide from a pressure cylinder is run through 
the system in a very rapid stream and allowed to escape into the 
air a t A. When the system has been thus flushed for 15 minutes, 
the rate of flow of the carbon dioxide is reduced to about one 
bubble per second, the pinchclamp a t B  is opened, and simul­
taneously the stopcock a t A  is closed. The carbon dioxide is 
dissolved in 41.6 per cent potassium hydroxide solution which 
fills the nitrometer. The air and nitrogen trapped in the system 
are collected over this potassium hydroxide solution. The value 
of the zero reading is not influenced measurably by the extremely 
slow evolution of nitrogen a t 0° C. When a constant zero reading 
has been obtained (requiring about 3 minutes), the bulb is leveled, 
the reading is recorded, the flow of carbon dioxide is almost 
stopped (one bubble every 5 or 6 seconds), and the ice bath is 
replaced by a warm water bath. A flame is immediately applied 
to the water bath and the water is heated to the boil. After 10 
or 15 minutes of boiling the flow of carbon dioxide is increased 
to 2 or 3 bubbles per second and the system flushed until there 
is no further increase in the volume of gas in the nitrometer. 
The bulb is then leveled and the volume of gas is read and re­
corded. The room temperature and barometric pressure are also 
recorded.

The barometric pressure is corrected for the vapor pressure 
of potassium hydroxide solution and, knowing the temperature 
and corrected pressure, the number of milligrams of nitrogen 
collected is calculated. This value is divided by the weight of the 
sample in grams and the value obtained is then divided by an 
empirical factor—namely, 96.06 (logio =  1.98254). This factor 
represents the milligrams of nitrogen per gram of sample if the 
sample had been pure p-toluidine, corrected by the extent to 
which p-toluidine is incompletely diazotized under the prescribed
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conditions. The figure thus obtained is multiplied by 100 to give 
the per cent of p-toluidine in the sample.

The following typical example will serve to illustrate the 
method of calculation:

Weight of mixed toluidines diazotized - 5.354 grams 
Zero nitrometer reading =  1.30 ml.
Nitrometer reading after complete decomposition = 26.25 ml. 
Volume of evolved nitrogen =  26.25 — 1.30 =  24.95 m l.
Room temperature =  25.0° C.
Barometric pressure = 758.0 mm. of mercury 
Vapor pressure of 41.6 per cent potassium hydroxide at 

25° C. =  7 mm. of mercury (5)
Corrected vapor pressure =  751 mm. of mercury 
Since the density of nitrogen a t standard conditions is 1.25055

(4), therefore at 25° C. and 751 mm. pressure 1 nil. of ni­
trogen =  1.132 mg.

% p-toluidine corrected ml. of X» evolved
wt. of sample X factor

24.95 (1.132) 
5.354 (96.06)

E xp er im en ta l R esu lts

X 100

X 100 = 5.49%

In  commercial o-toluidine the para content is seldom in 
excess of 10 per cent. Hence for purposes of testing this 
m ethod it  was considered sufficient to analyze synthetic mix­
tures of toluidines m ade up to  contain from 0 to  15 per cent of 
p-toluidine. In  Table I  are given results of analyses of such 
mixtures of pure o- and p-toluidines.

The m ajor p a rt of the work in testing the m ethod involved 
the use of mixtures of the ortho and para isomers. Two ex­
periments were carried out, however, in which the para isomer 
was mixed w ith m-toluidine; as is indicated in Table II , the 
method operates as well in the presence of the m eta isomer as 
in the presence of only the ortho isomer.

T a b l e  I . A n a l y s e s  o k  S y n t h e t i c  M i x t u r e s  o f  o -  a n d  p- 
T o l u i d i n e s

Para Para
Found Present

% %
1.31 1 .3 4
1 . 6 8 1 .4 4
4 .9 2 4 .8 6
5 .1 3 5 .1 7

13 .81 1 3 .8 0
14 .1 9 14 .5 9

As other impurities m ay be present in commercial o-tolui­
dine, steps were taken to  determine whether these impurities 
would interfere with the successful operation of the analytical 
method. A common im purity  is moisture. Obviously, since 
the m ethod is carried out in aqueous solution, moisture does 
not interfere with the reactions involved. However, for 
accurate work the to ta l diazotizable m aterial present should 
first be determined. This m ay be done by means of well- 
established procedures for determ ination of arom atic amines.

T a b l e  II . A n a l y s e s  o f  S y n t h e t i c  M i x t u r e s  o f  o- ,  in - ,  a n d  
P - T o l u i d i n e s

-P r e s e n t -Para
Found

4 .8 6
5 .3 6

Para
%

4 .7 4
5.18

M eta
%

4 .0 7
4 .3 7

Certain high-boiling impurities are sometimes present in 
commercial material. In  order to test the effect of these 
m aterials on the analysis, 75 ml. of a commercial o-toluidine 
were distilled un til only 2 or 3 ml. of a  highly-colored, non­
volatile liquid remained. This remaining im purity was mixed 
w ith half of the distillate and the resulting m ixture analyzed 
by  the present method. The remaining half of the distillate 
was likewise analyzed and since, as shown in Table I I I ,  there 
was no difference in the values obtained, it was inferred th a t

the nonvolatile im purity  in the commercial sample had no 
effect on the results of the determ ination.

P reca u tio n s
The m ost critical aspect of the analytical method is the 

diazotization. A pparently o- and m-toluidine diazotize 
much more readily than p-toluidine; however, the resulting 
diazonium chlorides vary  in stability  as stated  above. Thus, 
if complete diazotization of the para isomer is to be attem pted, 
considerable decomposition of the other two isomeric diazo­
nium chlorides will result during diazotization, even a t  very 
low tem peratures, and the lower the tem perature the slower 
the diazotization of the para isomer. Theoretically, the 
decomposition of o- and /o r m-toluenediazonium chloride dur­
ing diazotization of the m ixture should be of no consequence, 
since complete decomposition of the ortho and m eta isomers 
is to be carried out before any measurem ents are made. Prac­
tically, however, if the ortho and m eta isomers decompose 
excessively and an excess of nitrous acid is present, side re­
actions occur which appear to  involve p-toluenediazonium 
chloride, decomposed o-toluenediazonium chloride, and prob­
ably nitrous acid, since very low values are obtained if ap­
preciable excesses of nitrous acid are allowed to  accumulate 
during diazotization.

T a b l e  I I I .  A n a l y s i s  o f  C o m m e r c i a l  o- T o l u i d i n e  i n  P r e s ­
e n c e  a n d  A b s e n c e  o f  H ig h - B o il i n g  I m p u r i t i e s

. %
Pure d istilla te  

A v.

Pure d istilla te  ■+• residue 
A v.

Para,

0 .9 2 ,  0 .9 0  
0 .9 1

0 .9 0 ,  0 .9 2  
0 .9 1

Consequently, the authors’ method prescribes the addition 
of n itrite  so slowly th a t  the troublesome side reactions are 
virtually eliminated. The prescribed tem perature is high 
enough so th a t the greater p a r t of the para isomer diazotizes, 
and yet not enough of the ortho and m eta isomers decompose 
to cause significant errors. The side reactions mentioned can 
be recognized by  the development of a deep coloration during 
diazotization an d /o r decomposition. Thus, by use of the 
diazotization procedure outlined the p-toluidine is incom­
pletely diazotized, b u t if the directions are carefully followed, 
the reproducibility of the degree of diazotization appears to 
be well w ithin the lim its of accuracy stated.

The accuracy of the analytical m ethod depends not upon 
complete diazotization bu t upon diazotization to  the same 
extent every time. I t  thus becomes necessary for the calcu­
lations to  include a term  which will embrace the extent to 
which diazotization of the p-toluidine is complete. The term 
96.06 in the above calculations is the milligrams of nitrogen 
actually  obtained per gram  of pure p-toluidine when diazoti­
zation has been carried out as described herein and has been 
found to  hold over the range of mixtures reported.
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Electronic Timer
IR A  C. B E C H T O L D 1 

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

I

T h is paper d escrib es a re s is ta n ce -ca p a c i-  
tan ce  c ircu it w h ic h , w h en  u sed  in  co n ­
ju n c t io n  w ith  a th y ra tro n -ty p e  tu b e , p ro ­
vides a t im e -d e la y  relay  in s ta n t ly  a d ju s t­
ab le  a n d  cap ab le  o f  o p era tin g  m ec h a n ic a l 
d evices a u to m a tic a lly  a t  p red eterm in ed  
tim e in terv a ls .

N T H E  control of laboratory apparatus and in certain types 
of industrial control problems, it is frequently desirable to 

operate mechanical devices or electrical circuits in a  cyclical 
manner with predetermined tim e intervals. Usually it is re­
quired th a t control devices be of such a nature th a t they will 
operate autom atically and w ithout a tten tion  over long periods 
of time.

An obvious means of accomplishing this end is to  employ a 
motor-driven ro tary  switch which develops the required tim ­
ing pulses. Such devices are not usually capable of instant 
variation over wide ranges of time intervals and frequently 
require changing gears or other speed-reduction elements. 
Rotating contacts are not always reliable for continuous 
operation, especially when relatively large currents are being 
interrupted. Therm ally operated devices are also available 
but they usually present the same disadvantages as have been 
attributed to  ro tary  apparatus.

A less commonly used m ethod of tim ing is 
one which relies upon the tim e characteristics 
of a resistance-capacitance network for con­
trol of the tim e interval. Such a network, 
when used in conjunction with a  tube of the 
gas-filled or thyratron  type, will provide a 
time-delay relay which is capable of controlling 
an electromechanical relay having a current- 
carrying capacity of considerable magnitude.

The apparatus described here is essentially the 
same as that described by Goldberg (S) for a 
specific use in photography. Similar circuits 
with other adaptations have been described by 
Gilson (2), Smiley (5), and Mucher (/t). Of 
course, the fundamental resistance-capacitance 
network is well known and is thoroughly treated 
in textbooks on the subject as well as in sum­
maries in handbooks and similar publications 
(1). The principal advantage of the present 
apparatus is tha t it provides a repeated time 
pulse automatically, whereas th a t used by Gold­
berg requires resetting after each operation.

When a condenser is allowed to  discharge 
through a resistance shunted across the con­
denser the tim e interval required for the 
condenser voltage to  reach a given level is ex­
pressed by

t =  RC  log« |  (1)

where E = voltage to which condenser is initially 
charged

e = voltage to which condenser falls in 
tim ei

It = value of shunt resistance in ohms 
C =  capacity in farads 
e =  Napierian logarithmic base

Factor e given in E quation  1 as the potential to which the 
condenser falls in tim e t, is also the critical grid potential below 
which the thy ratron  will conduct a plate current. To deter­
mine its value in the absence of experimental d a ta  it is nec­
essary to  refer to the characteristics chart of the 885 (or 884) 
tube.

For any given values of E  and e the tim e interval m ay be 
made alm ost any chosen value, since a large number of com­
binations of R  and C m ay be obtained from parts which are 
commercially available. Furtherm ore, the tim e interval m ay 
be controlled by utilizing variable components for either R  or 
C or both.

Figure 1 shows the diagram of a circuit which will deliver 
an electrical pulse a t definite tim e intervals, w ith instan t con­
trol of the interval by the aid of a calibrated dial.

The diagram indicates the use of type 885 gas triode with a
2.5-volt filament supply. The type 884 gas triode which requires 
a 6.3-volt filament supply may be substituted for type 885 if so 
desired. The parts used are all available through the usual radio 
trade channels. In certain instances manufacturers will supply 
equivalent parts which may be substituted. Care should be 
taken to secure apparatus of good design and construction. 
This is particularly true of the It-C network components where 
condensers of low leakage value and good stability to atmospheric 
changes are required if accurate and stable calibration is desired. 
Hence, care should be taken to see th a t the desired capacities are

F i g u r e  1 . W i r i n g  D ia g r a m

Ci .

C».
C i .
Ä I .
It-..

A ctual m easured va lu es

1 Present address, T h e F luor C orporation , L td ., 
Angeles, Calif.

Los

3 W estern E lectric  telep hon e ty p e  condensers (paper).
2 .23  +  2.18  +  1-10 »  5.51 to ta l Mfd.

8-/ifd. 250 W V  electro ly tic , A erovox P B S -8  
1-ufd. 450  W V  paper
1 -m egohm  p oten tiom eter , C entralab N o. 6 taper 
50,000-ohm  1 -w att carbon  

R i ,  R a. 10,000-ohm  1 -w att carbons
T.  2 .5 -vo lt, 2.5-am pere filam ent transform er, S tancor P614I
Re.  D ouble-pole d ouble-throw  relay, 2000-ohm  coil, Guardian
885. R C A  T y p e  885 gas-filled triode
F. 2 .0-am pere L itte lfuse
S i. S ingle-pole single-throw  sw itch
St.  S ingle-pole single-throw  sw itch , nonlock ing, for m anual control of load
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obtained. Frequently, “rated” or “replacement” values are given 
for paper condensers which are much greater than the actual 
effective capacities. Potentiometer Ri should also be of good 
construction, so that it will repeat its setting and will not be sub­
ject to sudden and unpredictable resistance variations. The 
relay, Re, should be carefully selected, since many of the cheaper 
varieties are not reliable and may fail to make contact a t times 
because of poor mechanical construction.

The operation of the circuit is simple and m ay be described 
by following through a complete cycle.

Let us s tart a t that point in the cycle where a plate current has 
just started to flow and before the relay has had time to close. 
The thyratron acts as a half-wave rectifier. Because of the cur­
rent in the plate circuit the relay coil is energized and there is 
also a potential drop across the relay coil and Rt as indicated by 
the signs of Ct. As soon as the relay contacts have closed, this 
potential drop acts as an electromotive force in the circuit con­
taining condenser C1, the terminals of which are connected to the 

rid and cathode of the thyratron. As a consequence the con- 
enser is charged and the potential of the grid becomes decidedly 

negative with respect to the cathode. This negative potential of 
the grid has no effect on the plate current during the time the thy­
ratron is ionized. However, it prevents reionization following 
the deionization which occurs during that half of cach current 
cycle in which the plate is negative. The rectified current, 
therefore, ceases and relay contacts Pi and P 3 open, leaving con­
denser Ci charged.

This charge then leaks off through Ri and R 2 according to Equa­
tion 1, and as it does the potential of the grid becomes less nega­
tive. After the critical value is reached the tube reionizes as 
soon as the potential of the plate reaches a peak in the positive 
direction, thus completing the cycle.

The relay is de-energized most of the time. I t  receives short 
pulses at time intervals determined by grid circuit elements Ci, 
Ri, and R«. If it is desired to have current flowing in the load cir­
cuit during the discharge interval instead of a momentary pulse,
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the “back contacts” of the relay may be used. The values given 
for Ri, Ri, R t, and Ci provide a time-interval range from 140 to 9 
pulses per minute over the range of adjustment of potentiometer 
Ri. Resistance Ri determines the minimum time interval avail­
able. Changing R,  will change the time-interval range because 
of changes produced in the charging voltage, E. If a  greater 
range is desired, a group of resistors may be used with a selector 
switch as shown by Goldberg (3), or other condensers may be 
switched into the circuit by similar means.

The relay indicated will cariy currents up to 5 amperes at 110 
volts through its contacts. If the controlled load requires a 
greater current, other relays may be selected or a second relay of 
nigh current-carrying capacity may be operated from points 
Pi. Either alternating or direct current may be used for load 
operations. In  the particular application shown in Figure 1 the 
controlled load was actuated by current from a 110-volt direct 
current source. Condenser Ca is used to prevent arcing a t points 
Pi. This condenser should be selected to have the best value for 
the particular reactance and resistance characteristics of the 
controlled load.

The apparatus described here m ay be applied to  a  wide 
variety  of tim ing operations. For tim e intervals not available 
with the  components shown in Figure 1 it  is only necessary 
to  replace i?i, R 2, and C1 w ith components having the  desired 
values which m ay be calculated from E quation  1.
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Design for Rectifying Column
E . O. R A M L E R  A N D  J . H . S IM O N S  

S c h o o l o f  C h e m is tr y  a n d  P h y s ic s ,  T h e  P e n n sy lv a n ia  S ta te  C o lleg e , S ta te  C o lleg e , P e n n a .

f :'O R  rectification of m aterials boiling in the range —60° 
to  10° C., there is frequent need for a small low-tempera- 

ture column which can be readily moved 
about the laboratory or pu t away when 
not in use. Such a column has been 
described for materials boiling around 
— 50° C. or below, bu t while simple to 
operate, it is not easy for the average 
am ateur glass blower to  construct. The 
low-temperature column here described is 
a  simple modification of th a t described by 
Simons (1), and has been used successfully 
in this laboratory with liquids boiling a t 
- 3 0 °  and - 5 °  C.

In Figure 1 is a diagram of the column, 
which is about 45 cm. (18 inches) in height 
and fits conveniently into an ordinary quart 
vacuum flask. A  is the liquid container with 
a volume of about 50 cc. Sealed on the 
bottom is the nipple, B, which is wound with 
a heating coil of asbestos-covered Nichrome 
wire, B. & S. No. 26. The packed section, C, 
of the column is 9-mm. tubing and contains 
glass helices supported by a small glass cross 
bar. D is the take-off tube in which is sealed 
a small thermocouple well, containing a 
copper-constantan couple. The condenser,
E, consists of two concentric tubes of 42- 
and 37-mm. outside diameter, sealed a t the 
top. The 7-mm. tube, F, sealed a t the top

of the condenser, is to permit the escape of air as the material 
is condensed in A. The fractions may be obtained by the use of 
a three-way stopcock on D, or of a  chain of traps in series.

The column is very simple to operate. It 
is placed in a quart-size unsilvercd Dewar 
flask, which is surrounded by a radiation 
shield of aluminum sheet containing slots 
cut into it for observation of the pot and 
reflux. Leaving tube F open, the material 
is condensed in A  through the take-off tube 
with the aid of the cooling mixture in E  and 
in the Dewar flask.

The Dewar flask is now1 removed, emptied, 
and replaced around the column. With D 
closed, A  is heated if necessary to bring 
about a reflux. When equilibrium is estab­
lished, F is closed and D is opened, and the 
condensate is received in a series of traps, 
the last one of which is open to the air. If 
the take-off is too slowr, it may be increased 
by the use of a very slight vacuum ob­
tained from an ordinary laboratory water- 
suction pump, applied to the last trap through 
a stopcock. The amount of take-off can be 
regulated by adjustments of both the heat 
supplied to the pot and the vacuum on the 
receiver. The temperature at the top of 
the column can be determined with a potenti­
ometer.

L itera tu re  C ited
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An Improved Soxhlet Extractor
M . H . N E U ST A D T

A g r icu ltu ra l ¡M arketing A d m in is tr a t io n , U n ite d  S ta te s  D e p a r tm e n t  o f  A g r icu ltu re , W a sh in g to n , D . C.

IN T H E  course of work on the analysis of commercial soy 
flours a t  the laboratory of the Agricultural M arketing 

Administration, Beltsville, M d., it was necessary to report the 
oil content values the same day th a t the samples of soy flour 
were received. The accepted m ethod for determining the oil 
content of ground soybeans is to make the extractions in a 
Soxhlet or B u tt extractor with petroleum ether. This method 
requires from 16 to  20 hours or a 4-hour extraction with re­
grind after 2 hours. I t  was m uch too slow for the needs of 
the laboratory workers, since results for reports were needed 
in from 4 to  5 hours.

Among the rapid m ethods for determining the oil content 
of oil-bearing seeds are the  refractom etric m ethod (5), the 
method based on the change in density of a  solvent (1, 2), 
and various shaking procedures (4) 
that employ different types of sol­
vents. All these are not accepted 
as standard or official for soy flour, 
but the extraction method is the 
one adopted by the Soybean Analysis 
Committee of the Oil Chemists’
Society (8).

In  the au thor’s laboratory, where 
a battery  of 36 Soxhlet extractors is 
in use, the color of the extract fre­
quently indicates th a t some extrac­
tions proceed faster than  others.
These differences are probably due to 
variations in the porosity of the paper 
thimbles as well as to  the m anner in 
which the samples pack themselves 
within the thimbles. In  some cases 
the retardation of the flow of the sol­
vent is so great th a t the solvent will 
flow over the top  of the cotton wad in 
the thimble, ra ther than  through the 
sides and base of the thimble.
Hence, in such cases, very little  sol­
vent really percolates through the F i g u r e  1

sample, although if the extraction is allowed to proceed long 
enough, a complete extraction is obtained in 16 hours.

I t  occurred to the writer tha t having the base of the thimble 
next to the base of the extractor might retard the flow of solvent 
through the thimble. Therefore the thimble was elevated by 
inserting a piece of glass rod a t an angle into the extractor and 
resting the thimble upon the rod (Figure 1). This rod was long 
enough to raise the thimble 3.75 cm. (1.5 inches) off the base, but 
the sample (10 grams) within this thimble was still below the 
overflow siphon of the extractor, so that at intervals the samplo 
was completely immersed in the solvent and channeling was 
avoided. Another means of achieving the elevation was to 
make three depressions in the extractor, about 3.25 cm. (1.5 
inches) from the base and 120 degrees apart, upon which to 
rest the paper thimble. The sample was then extracted with 
Skellysolve F at a rate equivalent to one siphoning about every 
3 minutes, whereas with the common method about one minute 
was required.

The value of the improvement in the Soxhlet extractor 
can be seen by comparison of the results of extractions by 
the two methods (Table I). Extraction flasks were changed 
at the end of 1, 2, and 3 hours, so that each value represents 
the extraction for each successive hour except in the overnight 
extraction. All of the soy flours do not extract at the same 
rate of speed by any method. Extractions varied at the end 
of the first hour anywhere from 20 to 92 per cent of the total 
fat content. By use of the elevated thimble method, how­
ever, more than 98 per cent of the total fat was extracted 
during the first hour from all but one of the six samples. 
The differences between samples are probably due to the 
nature of each sample as regards its fineness and the distribu­
tion of the oil film through the sample. Differences that 
might be due to variations in porosity of the thimble were 
eliminated by interchanging the thimbles used in the com­
mon extraction in one sample to a position of elevation in the 
next sample and the elevated one to the common position.

S u m m a ry

A more rapid method of determining the oil content of soy 
flour was sought, so that oil content values could be reported 

the same day samples of soy flour were 
received by the laboratory of the Agri­
cultural Marketing Administration at 
Beltsville, Md. To this end an im­
provement was made in the Soxhlet 
extractor, the use of which, with petro­
leum ether, is an accepted method of 
extraction. - 

This improvement would no doubt 
help to shorten the time required to 
extract other types of materials, such 
as oil-bearing seeds and plant materials.
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T a b l e  I. E x t r a c t i o n s  o f  O i l  f r o m  Soy F lo tjr

(By com m on m ethod  of se ttin g  th e th im b le as com pared w ith  im proved m ethod  of u sin g  an e leva ted
th im ole)

E leva ted  
Per Per
cen t cent
fa t of to ta lFraction

1 s t  hour 
2 nd hour 
3rd hour 
Overnight

Total

1 st hour 
2 nd hour 
3rd hour 
Overnight

T otal

1 st hour 
2 nd hour 
3rd hour 
Overnight

T otal

C om m on  
Per Per
cent cent
fa t  of to ta l

C om m on  
Per Per
cen t cent
fa t of to ta l

E leva ted  
Per Per
cen t cent
fa t of to ta l

8 .3 6
4 .3 8
3 .3 8  
4 .1 1

-S a m p le  1 - —Sam ple 2 -

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

2 0 .2 3
0 .0 7
0.01
0 .0 7

9 9 .3 0
0 .3 5
0 .0 3
0 .3 2

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

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

2 2 .4 0
0 .0 4
0 .0 3
0 .0 9

2 2 .0 8 100.00 22.12 100.00 1 8 .5 5 100.00 18 .6 7

9 9 .2 9
0 .1 8
0.11
0 .4 2

20.23 100.00 20.38 100.00 22 .44 100.00 22 .56 100.00

---- -----OullipiC O '" ....
21 .28 95.71 22 .02 99.34 10.81 48 .66 22.53 99.67

0 .79 3 .57 0.05 0 .2 0 8 .89 40.01 0.00 0.00
0 .07 0.31 0 .0 0 0 .0 0 2 .52 11.33 0.02 0 .0 9
0 .0 9 0.41 0 .1 0 0 .4 6 0.00 0 .00 0 .05 0 .2 4

22.23 100.00 22.17 100.00 22 .22 100.00 22 .60 100.00

13.41 60 .75 21 .78 98.45 3 .81 20.54 14.58 78 .06
7.67 34.74 0.1C 0.86 2 .95 15.91 3 .88 20.79
0.77 3 .4 9 0.01 0 .0 5 2 .11 11.35 0.03 0 .18
0 .23 1.02 0 .14 0.64 9 .68 52.20 0 .18 0.97

100.00
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Quantitative Determination of Cellulose 
in Raw Cotton Fiber

A Simple and Rapid Sem im icro Method

JA M E S 11. K E T T E R IN G 1, B u r e a u  o f  P la n t  In d u str y  
A N D

CA RL M . C O N R A D 1, A g r icu ltu ra l M a rk etin g  Serv ice , U . S . D e p a r tm e n t o f  A g r icu ltu re , W a sh in g to n , D . C.

ALTHOUGH cellulose is the m ajor component of raw 
cotton fiber, its ratio  to  noncellulose constituents varies 

considerably with th e  growth conditions under which the 
fiber is produced. For example, analyses have shown th a t 
the cellulose of naturally  opened bolls m ay constitute from 
less than  S5 to over 97 per cent of the dry weight of the fiber. 
I t  is often desirable to  know the cellulose content of cotton 
fiber. The use of the cellulose content as a criterion of cotton 
fiber m aturity , as suggested by Sakostschikoff (9), Gontsclm- 
row and Burwasser (4), and more recently Conrad et al. (2), 
requires a  rapid routine m ethod for determ ination of the cellu­
lose. Furtherm ore, the evaluation of the quality of cellulose 
in cotton fiber by  means of such measures as copper number, 
alkali solubility, and fluidity of the cuprammonium solution, 
makes it necessary th a t these be expressed on the basis of the 
cellulose content, if the results are to  be tru ly  comparable.

For the routine determ ination of cellulose, it is desirable to 
select a method th a t is as simple and rapid as possible, while 
still possessing sufficient accuracy for the purpose in hand. 
Of the m any techniques th a t have been proposed, a large pro­
portion include steps designed to  eliminate lignin which so 
frequently accompanies cellulose. In  cotton fiber, lignin m ay 
be considered to  be approximately, if not completely, absent. 
This greatly simplifies the procedure by making unnecessary 
any extensive chlorination treatm ent.

One of the most practical methods for determining cellulose 
in the absence of interfering substances is by  oxidation and 
titration . A convenient description of such a procedure, em­
ploying potassium dichrom ate as the oxidant, is given by 
Launer (6) ; however, for the above-mentioned purpose, it is 
not necessary to separate the cellulose into its several frac­
tions. In  contrast to  gravimetric procedures, the tenacious 
retention of ash constituents is of no consequence in volu­
m etric procedures. However, it is necessary to  remove non­
cellulose organic constituents before oxidation of the cellulose 
sincc their oxidation equivalents are similar to th a t of cellu­
lose.

T he chief noncellulose constituents of cotton fibers, aside 
from the ash, are waxes, pectic substances, nitrogenous sub­
stances, and small am ounts of residual sugars and pigments.

Presen t address, Southern  R egional R esearch L aboratory, N ew  Orleans.
La.

The waxes are a very heterogeneous m ixture consisting of al­
cohols, esters, aliphatic acids, sterols, and hydrocarbons, but 
¡is shown by Conrad (1) they are rather easily extracted by 
hot 95 per cent alcohol. The sugars and certain other sub­
stances present in small am ount are removed by the same sol­
vent. On the other hand, the pectic and nitrogenous sub­
stances, while incompletely or not a t  all removed by the alco­
holic extraction, are ra ther easily removed by boiling with 1 
per cent sodium hydroxide solution. W histler, M artin, and 
Harris (10) concluded th a t boiling 1 per cent sodium hydrox­
ide destroyed and removed practically all of the pectic sub­
stance in the first half hour.

R em o v a l o f  N itro g en o u s C o n stitu e n ts
Since no exactly pertinent data  could be found in the litera­

tu re  concerning the rapidity  of nitrogen removal by  boiling 1 
per cent sodium hydroxide, some experiments were under­
taken by the writers.

Duplicate samples of finely-cut alcohol-extracted cotton fibers 
were boiled with approximately 1000 volumes of the solution for 
1, 2, and 4 hours. The solution was then filtered off and the resi­
due washed with warm water. The amount of nitrogen was esti­
mated in the residue, using the Kemmerer and Hallett (5) micro- 
Kjeldahl method, but collecting the ammonia in boric acid ac­
cording to Winkler’s (12) recommendation. The following re­
sults show' tha t the small amounts of nitrogenous constituents 
remaining in alcohol-extracted cotton are rapidly decomposed by 
boiling 1 per cent sodium hydroxide and the amount remaining 
after 2 hours must be insignificant:

T im e of Sodium  
H yd roxide B oil, 

H ours

0
1

N itrogen ,
%

0 .17
0.12
0.00
0.00

E ffects o f  T r e a tm e n ts  o n  th e  C e llu lose
From  the above discussion and results it would appear that 

the noncellulose constituents of cotton fiber m ay be removed 
by  successive extractions with hot ethyl alcohol and boiling 
1 per cent sodium hydroxide. However, a tten tion  m ust be 
given also to  retention of the cellulose. W orner and Mease 
(13) found th a t  continued extraction in a Soxhlet apparatus 
with hot alcohol and ether had no significant effect on either
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the weight or the properties of cotton fibers after the first 6 
hours. On the other hand, extended extraction with boiling 
1 per cent sodium hydroxide resulted in progressive loss of the 
cellulose, a t  the rate, neglecting the first 6 hours, of 0.34 per 
cent per hour. The relatively large loss during the first few 
hours m ay be assumed to be due to  removal of pectic m ate­
rials. This loss of cellulose was accompanied by a progressive 
increase in the fluidity (average 0.46 rhe per hour) of the un­
dissolved cellulose, indicating slow progressive hydrolysis of 
the chain molecules. The work of Davidson (8) indicates 
th a t the shorter chain fragm ents dissolve in the alkali. Thus, 
a compromise m ust be made in the case of the alkali extrac­
tion between complete removal of the noncellulose constitu­
ents and the dissolution of the cellulose itself.

P rop osed  M eth o d
The proposed method allows for a 4-hour extraction of the 

fiber in a Soxhlet apparatus with hot 95 per cent ethyl alcohol, 
followed by drying and a 2-hour extraction with boiling 1 per cent 
sodium hydroxide. Experiments showed tha t the alcohol extrac­
tion, if continued a t such a rate tha t the siphon operated once 
every 3 minutes, removed approximately 95 per cent of the waxy 
constituents and it may be assumed tha t the subsequent alkali ex­
traction removes a considerable portion of the remainder. Since 
cotton fiber ordinarily contains less than 1 per cent originally, 
the error from the small residue of these substances must be in­
consequential. The 2-hour alkali extraction is chosen as the best 
compromise for the destruction and removal of pectic and nitrog­
enous substances with a minimum attendant destruction and 
dissolution of the cellulose itself. While slight oxidation of the 
cellulose probably occurs under the conditions employed, its 
extent could have little effect on the analytical values obtained.

Extract the sample (10 grams or less) of cotton fiber in a large 
Soxhlet apparatus for 4 hours with hot 95 per cent ethyl alcohol. 
Remove the fiber from the apparatus, squeeze as dry as possible, 
and set aside overnight or longer to air-dry. When sufficiently 
dry, pass through a Wiley (11) or similar mill so that the fiber 
passes a 1-mm. sieve. Store. (When the results are to be used 
as a basis for reporting copper number, alkali solubility, etc., it is 
best to expose the fiber for 2 to 3 hours in the vicinity of the bal­
ance and weigh out samples for all determinations within a short 
interval of time.)

Weigh out duplicate 0.1000-gram samples of the finely divided 
fiber on a  small watch glass and transfer with the aid of a camel’s- 
hair brush to a 250-ml. Erlenmeyer flask. With a pipet, add 100 
ml. of 1 per cent sodium hydroxide solution (free from carbonates) 
to the flask and mix with the fiber with a rotary motion. Con­
nect flask to an upright reflux condenser supported over an as­
bestos wire gauze on a ring stand. Bring to boil and boil for 2 
hours. Discontinue heating and filter the mixture with the aid 
of suction using a 30-ml. fritted Pyrex glass crucible of C porosity, 
supported in an adapter over a 1-liter filter flask. Wash the mat 
with 4 approximately 10-ml. portions of hot (60° C.) water. 
Discard the filtrate and washings.

With the aid of a pointed glass rod transfer as much as possible 
of the washed fiber mat from the crucible to the original Erlen­
meyer flask. Insert into the latter a suitable 2-hole rubber 
stopper, containing a crucible adapter and glass tube connected 
to suction line. Insert the crucible in adapter and, with suction 
turned off, add 15 ml. of 12 molar sulfuric acid. Let stand for a 
short time (about 2 minutes) to dissolve any cellulose remaining 
in the crucible and then turn on the suction. Now wash the in­
side of the crucible twice with 5-ml. portions of 12 molar sulfuric 
acid, each time interrupting the suction during the addition of the 
acid, and then turning it on to draw the acid through. Finally 
wash the crucible with 5 to 10 ml. of distilled water and remove 
the stopper with adapter from the flask. Accurately pipet 25 
ml. of 0.6 iV potassium dichromate solution into the flask (the 
total volume should now be 55 to 60 ml.) and boil gently under a 
reflux condenser for one hour. Remove the flask, stopper, and 
allow to cool. Add approximately 40 ml. of water and 3 drops 
of o-phenanthroline indicator (1.485 per cent o-phenanthroline 
monohydrate dissolved in 0.025 molar ferrous sulfate solution), 
and titrate with freshly prepared 0.5 iV ferrous ammonium sul­
fate (made up in approximately normal sulfuric acid) until the 
color changes abruptly from dark green to a deep pink or red.

The difficulty in detecting the color change from a very dark 
green to a still darker deep pink or red in the titration of the di­
chromate solution with ferrous ammonium sulfate has been en­
tirely eliminated by titrating above a ground-glass platform be­
neath which an electric light is fixed.

May 15, 1942 A N A L Y T I C

The ferrous ammonium sulfate is standardized immediately be­
fore use by titrating 25-nil. portions of the 0.6 N  potassium di­
chromate solution in a  flask containing 12 ml. of 95 per cent sul­
furic acid, 90 ml. of distilled water, and 3 drops of o-phenanthro­
line indicator.

The weight of pure cellulose in the original sample is computed 
on the assumptions that it is represented by the empirical formula 
CeHioOs, that complete oxidation to carbon dioxide and water 
occurs, and tha t 1 ml. of normal potassium dichromate is equiva­
lent to 0.00675 gram of cellulose. Actually Launer (6) found an 
average equivalent value of 0.00677 gram for cellulose from rags, 
pulp, and paper.

The percentage of cellulose m ay be expressed in term s of dry 
weight with the aid of a moisture determ ination, or the value 
as found m ay be used in  lieu of a m oisture determ ination as a 
basis for reporting copper num ber and other characteristics 
of cotton cellulose when a  knowledge of the moisture content 
of the fiber is immaterial.

T he m ethod here described has m any advantages to  rec­
ommend its adoption. I t  requires a minimum of equipment, 
all of which is readily available in any chemical laboratory. 
The use of small samples results in m aterial savings of re­
agents and conservation of sample, and perm its use of the 
m ethod where the quan tity  of available m aterial is limited. 
Handling of the sample during analysis is reduced to a mini­
m um  and the whole sample is titra ted  rather than an aliquot 
portion.

Obviously, the method could be adapted readily to a  gravi­
metric determ ination of the residual cellulose if other deter­
minations on the cellulose sample are required, and it could 
be used in  analyses of fabrics after removal of sizing. The 
method is not suitable, of course, for cellulosic m aterials con­
taining more or less lignin.

C om p arison  w ith  O th er M eth o d s

In  order to  appraise the proposed method, the results ob­
tained with it  on a  series of ten  cottons, selected for a  wide 
range of cellulose content, were compared with those obtained 
on portions of the same samples by two other well-known 
methods. The methods chosen for comparison were the 
Norm an and Jenkins m ethod (7) which was applied after a 2- 
hour alkali extraction, and the monoethanolamine m ethod de­
scribed by Reid, Nelson, and Aronovsky (8). However, both 
of these la tte r methods were adapted to  0.1000-gram samples 
by reducing the quantities of reagents b u t m aintaining the 
same concentrations, ratios of quantities to th a t of sample, 
and times for reaction as in the original procedures. In  all 
other ways attem pts were made to  m aintain as nearly as pos­
sible the conditions used in the macromethod. Also, in all 
methods the residual cellulose was determined volumetrically 
by dissolving and oxidizing the sample in acid dichrom ate and 
determining the am ount of dichrom ate used. This same 
technique was employed for all three procedures, in order th a t 
the conditions a t  this stage of the analyses m ight be com­
parable.

In the case of the monoethanolamine method, a 19 X 125-mm. 
Pyrex test tube, fitted by means of a ground-glass joint to an 8- 
mm. air condenser 200 mm. high, was substituted for the refluxing 
apparatus described by Reid, Nelson, and Aronovsky (s). I t  
was supported in a glycerol bath, provided with a false bottom, 
and maintained a t 190° =*= 3° C.

The samples were prepared for analysis by extraction of 10 
grams of raw cotton with 95 per cent ethyl alcohol for 4 hours in a 
large (50 X 250 mm.) Soxhlet extractor. The cotton was then 
removed from the extractor, squeezed as dry as possible, and al­
lowed to dry in the air overnight. The material was passed 
through a Wiley mill, equipped with a 1-mm. sieve, and placed in 
120-rnl. (4-ounce) bottles for storage. Subsamples, in duplicate, 
for each of the three cellulose methods and for moisture were 
weighed out consecutively in such a way as to avoid exposure to 
serious, fluctuations in atmospheric moisture content. The re­
sults are shown in Table I.
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By reference to Table I, it will be seen th a t the proposed 
method gave values intermediate, on the average, between 
those obtained by the Norm an and Jenkins and the mono- 
ethanolamine methods. Cellulose content found by  the 
monoethanolamine m ethod is, on the average, higher by  1.33 
per cent than  th a t found by the proposed method, while by 
the Norm an and Jenkins m ethod it averages 0.63 per cent 
lower. Statistically, the mean deviations are in both eases 
highly significant, indicating th a t they are real and not acci­
dental.

T a b l e  I . C e l l u l o s e  F o u n d  i n  A l c o h o l  E x t r a c t e d  C o t t o n  
F i b e r

C ellu lose0 Found D ev ia tio n s  of Proposed M ethod
N orm an M ono­ from:

Sam ple and eth an ol­ N orm an and M on oeth an ol­
N o . Proposed Jenkins am ine Jen k in s am ine

% % % % %

1124 9 3 .1 5 9 1 .9 4 9 4 .3 5 1 . 2 1 - 1 . 2 0
1137 9 2 .3 0 9 2 .5 8 9 4 .0 1 - 0 . 2 8 - 1 . 7 1
1138 9 3 .2 2 9 2 .8 8 9 4 .0 8 0 .3 4 - 0 . 8 6
1144 9 0 .1 8 8 9 .7 0 9 2 .2 4 0 .4 2 - 2 . 0 6
1410 8 4 .0 0 8 3 .3 7 8 4 .5 3 0 .6 9 - 0 . 4 7
1411 9 0 .3 8 8 9 .2 0 9 1 .8 0 1 .1 8 - 1 . 4 2
1412 8 3 .9 8 8 3 .4 0 8 5 .9 0 0 .5 8 - 1 . 9 2
1414 8 7 .5 0 8 6 .1 3 8 8 .5 0 1 .3 7 - 1 . 0 0
1415 93 .2 1 9 2 .1 4 9 3 .9G 1 .0 7 - 0 . 7 5
2494 8 3 .1 9 8 3 .4 8 8 5 .0 7 - 0 . 2 9 - 1 . 8 8

A v. 8 9 .1 2 8 8 .4 9 9 0 .4 4 0 .6 2 9  *  0 .1 8 8 - 1 . 3 2 7  0 .1 7 5

« Baaed on oven -d ry w eight.

The slightly larger average percentage of cellulose obtained 
by the proposed technique than  by the-N orm an and Jenkins 
method is probably to  be expected since the latter, designed 
for removal of lignin in lignin-bearing materials, involves 
treatm ent essentially oxidative and additive to  th a t employed 
in the proposed technique. W hether the difference is due to  a 
greater removal of the noncellulose impurities by  the Norm an 
and Jenkins method or to  slightly greater loss of the cellulose 
itself cannot be stated  with certainty.

Based on the findings of W orner and M ease (13), there 
should be a loss of 0.68 per cent of cellulose during the 2-hour 
period of boil w ith 1 per cent sodium hydroxide. The pro­
posed m ethod gives a  yield of cellulose 1.33 per cent less than 
the ethanolamine method. Taking into account the 0.68 per 
cent of cellulose th a t would be lost during the 2-hour boil, 
there remains a difference of 0.65 per cent of cellulose still un­
accounted for. A tendency for the ethanolamine m ethod to 
give slightly higher yields of crude ash-free cellulose than  
either the Cross and Bevan or Norm an and Jenkins m ethod 
was noted by Reid, Nelson, and Aronovsky (8), using entirely 
gravim etric techniques. Thus, their results on five agricul­
tu ral wastes and two spruce wood samples show an average of 
54.11 per cent “crude cellulose corrected for ash” by the e tha­
nolamine method, 52.61 per cent by the Cross and Bevan 
method, and 53.54 per cent by  the Norm an and Jenkins 
method. On the other hand, the average yields of “pure 
cellulose” on these same m aterials were 39.89, 40.40, and 
39.69 per cent, respectively, indicating very little difference 
in  the  am ount of actual cellulose retained by the three m eth­
ods. The differences in yield between crude and pure cellu­
loses were due, principally, to  pentosans which are incom­
pletely removed by any of the methods. The difference in 
the present case is therefore in the same direction as observed 
by Reid, Nelson, and Aronovsky.

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

A new, simpler, and more rapid semimicromethod for the 
quan tita tive  determ ination of cellulose in raw  cotton than  
heretofore available accomplishes the maximum removal of the 
accom panying organic noncellulose m aterials w ith a minimum 
of equipm ent, sample, and damage to  the fiber itself.

The m ethod consists of a 4-hour Soxhlet extraction with hot 
ethyl alcohol followed by drying and a  2-hour extraction with

boiling 1 per cent sodium hydroxide. The cellulose is deter­
mined by dichromate oxidation of the whole sample and ti­
tration of the residual dichromate with ferrous ammonium 
sulfate.

The waxes, sugars, pectins, nitrogenous, and certain other 
substances present in small amounts in raw cotton are so 
thoroughly removed by the treatment that the error due to 
residues of these substances must be inconsequential.

In comparative analyses of ten different cottons, the aver­
age per cent of cellulose wras slightly higher by the proposed 
technique than by a semimicroadaptation of the Norman and 
Jenkins procedure and lower than that obtained by a similar 
adaptation of the Reid, Nelson, and Aronovsky ethanolamine 
procedure.

The method requires no equipment which cannot be made 
readily, or assembled from apparatus and materials found in 
the average laboratory.

A special feature of the procedure is the titration of potas­
sium dichromate solutions with ferrous ammonium sulfate 
using o-phenanthroline indicator over a ground-glass plate 
beneath which is an electric light. This is much more rapid 
and convenient than the usual titration with an outside indi­
cator and spot plate.

The proposed method is recommended particularly for the 
determination of the cellulose content of raw cotton and may 
be used in analyses of desized fabrics. I t  is not suitable for 
cellulosic materials which contain lignin.
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Reactivity of Substituted Thioureas with 
Inorganic Ions

JO H N  II. Y O E  a n d  L Y L E  G . O V E R IIO L SE R  
U n iv e r s ity  o f  V irg in ia , C h a r lo tte sv ille , V a.

TH E  exam ination of the reactions of 60 substitu ted  thio­
ureas w ith 78 inorganic ions was undertaken to  ascertain 
whether or not any  of these reactions m ight be more sensitive 

than  those given by thiourea, especially for bism uth.
The results presented in  this paper show th a t the substi­

tuted thioureas—i. e., compounds containing the reactive 
group = N — C—N = ,  give reactions similar to  those of

II
S

thiourea and th a t although a num ber of the reactions are as 
sensitive, or even slightly more sensitive for bism uth, they 
offer no advantage to  justify  their use in place of thiourea.

An a ttem p t was m ade to  correlate the  reactiv ity  or non­
reactivity of certain ions with the  structure of the various 
substituted thioureas. Because of the sim ilarity of the reac­
tivity  no definite conclusions could be formulated. The dif­
ferences in solubility of the various substituted thioureas un­
doubtedly play a  more im portant p a rt in their reactivity  than 
does the presence of any particular substitu ted  group. M ore­
over, no correlation of sensitivity and structure appears to be 
possible.

The reactions and the sensitivities of the more sensitive 
ones are given for the  substituted thioureas, as well as those 
for thiourea.

E xp erim en ta l
The experiments were performed on a spot plate by adding 1 

drop of the solution of the reagent to 1 drop of the solution con­
taining the inorganic ion. The reactions were carried out in 
aqueous, acid, or ammoniacal medium.

Solutions containing 1 mg. per ml. of the following 78 ions were 
used. (It is recognized that some of the ions are more complex 
than is indicated by the formulas in this list.): Ag+, Al+++,
A uC lr, As+++, AsOi , B40 7— , Ba++, Be++, Bi+++, Br",
CO,— , Ca++, C b O r - " , Cd++, Ce+++, Ce++++, Cl“ , Co++, 
Cr+++, Cs+, Cu++, D y+ t+ , Er+++, Eu+++, F~, Fe++, Fe+++, 
Ga+++, Gd+++, Ge++++ (0.5 mg. per ml.), H f++++ (0.25 mg. 
per ml.), IIg2++, IIg++, 1“ , In+?+, IrCl.“ , K+, La+++, Li+, 
Mg++, Mn++, M0O4 , N 0 2- ,  N O r, Na+, Nd+++, Ni++, 
OsO “ , HPOl— , Pb++, PtCle , Pi'+++, Ilb+, ReO,~, RhCl.— , 
RuCLr, S— , SO,— , Sb+++, Sc+++, Se03“ , SiO,"", Sm+++,
Sn++, Sn++++, Sr++, TaO, , TeO,“ , T i++++, T h++++,
T1+, Tm +++, U 02++, VO+, WO,— , Y+++, Yb+++, Zn++,
2 r++++,

An alcoholic solution of the reagent containing 10 mg. per ml. 
was used where the solubility permitted; otherwise a saturated 
solution was employed.

The reagents were obtained from E. I. du Pont de Nemours 
& Co., Inc., and the Eastman Kodak Co. and were used without 
further purification.

The reactions of the following 60 substituted thioureas were 
observed:

1 .  A l ly l t h i o u r e a

2. M o n o l a u r y it h io u r c a

3 .  D i l a u r y l t h i o u r e a  

•3 • a - D i e t h y l  t h io u r e a

5 .  D i - n - b u t y l t h i o u r e a

6. P h e n y l t h i o u r e a

7 .  B e n z y l t h i o u r e a

8. o - T o l y l t h i o u r e a

9 . t n - T o l y l t h i o u r e a

10. p - T o l y l t h i o u r e a

11. X y i i d y l t h i o u r e a
12. 2 - C a r b o x y p h e n y l t h i o u r e a

1 3 .  o -C h l o r o p h e n y l t h io u r e a

1 4 .  p - H y d r o x y p h e n y l t h i o u r e a

1 5 .  m -N i t r o p h e n y l t h i o u r e a

10. p -F luorophenyl th iourea  
17. p -E thoxyp h en ylth iou rea  
IS. o-M eth oxyp h en ylth iou rea
19. p -M eth oxyp henylth iou rea
2 0 . p -Isoam yloxyp h en ylth iou rea
21. o -n -B utyloxyph en ylth iourea
22. 2 -  M eth oxy  - 5 -  m eth ylp h en yl-

thiourea
23. 2 ,4 -D im eth y lp h en ylth iou rea
24. a -N ap h th y lth iou rea
25. D i-a -n ap h th y lth iou rea
26. ß -N ap h th y l thiourea
27. ac. -  T etrahyd ro -  ß - n aph th y l -

th iourea
28. N  -  4  -  E th oxypb en ylp iperid y l -

th iourea

29. D i - o -  h yd roxyeycloh exy lth io  - 44. s-D i-m -to ly lth iou rea
urea 45. s-D i-p -to ly lth iou rca

30. D im eth ylcycloh exy lth iou rea 46. s -  D i(2  -  m eth oxy  -  5 - m eth y l-
31. P h en ylethan olth iou rca phenyl) th iourea
32. N  -  (0  -  h yd roxyeth y l) -  N l -  4 - 47. P h en yl-o-to ly lth iou rea

a lly loxyp hcnylth iou rca 48. D ieth oxyd ip h en y lth iou rea
33. N  -  (0  -  h ydroxyeth y l) -  N l -  4 - 49. 2V,Ari-d i(p -n -p rop y loxyp h en y l)-

isoam yloxyp h en ylth iou rea thiourea
34. N  -  M eth y l -  Ari -  4  -  e th o x y  - 50. N , N l - d i(p  -  brom ophenyl) -

p henylth iourea th iourea
35. N  -  D im eth y l -  N l -  4 -  isopro - 51. N , N l -  d i(p  -  fluorophenyl) -

p y loxyp h en ylth iou rca thiourea
36. N  -  D im eth y l -  N 1 -  4  -  e th o x y  - 52. N tN l -  d i(p  - hydroxyph en yl) -

phenylth iourea thiourea
37. N  -  (n  -  B u ty l) - N l -  4  -  e th oxy- 53. N , N l - d i(p  -  am in op h en yl) -

phenylth iourea thiourea
38. N  -  (D i -  n -  b u ty l) -  Ari - 4 - 54. Ar,Ari -  d i(p  -  acety lam in o  -

eth oxyp henylth iou rea phenyl) th iourea
39. -V - E th y l -  N l -  4 -  isob u ty loxy- 55. Ar, N l - d i(m  -  trifluorom ethyl -

phenylth iourea phenyl) th iourea
40. N  -  (0  -  D ieth y lam in oeth y l) - 56. m -Phenylenedithiourea

iV '-n-butyloxyphenylth iourea 57. p-Phen ylen ed ith iou rea
41. N  -  (p •  ch lorophenyl) -  N l - 58. B enzidinedith iourea

acetylth iou rea 59. T olid ined ith iourea
42. s-D iph en ylth iourea 60. P o ly-m -ph en yleneth iourea
43. s-D i-o -to ly lth iou rea

R ea ctio n s  w ith  T h io u rea
Tan precipitate (neutral) ; black precipitate (ammonia-Ag+. 

cal)
Bi+++. Bright yellow color (acid) 
Ce++++. Decolorized (acid)
Cu++. Brown precipitate (ammoniacal); 

(acid)
Fe+++.

IrBle—
OsOj-

white precipitate

Light pink color (acid)
Gray precipitate (acid)
Decolorized (acid)
Brown color (neutral) ; red color (acid) ; gray color 

(ammoniacal)
Pd++. Yellow color (acid and ammoniacal)
PtCl,— . Brown precipitate (ammoniacal)
RuCLt- . Dark greenish-blue color (acid)
Sb+++. Pale yellow color (acid)
SeOj— . Red precipitate (acid)
T l+. White precipitate (neutral); heavy white precipitate 

(acid)

R ea ctio n s  w ith  S u b s t itu te d  T h io u rea s

The following reactions are listed for each inorganic ion, the 
numbers referring to  the organic compounds listed above. 
The descriptions of colors and precipitates are p robably  no t 
complete or exact in all cases, because the reactions are 
grouped as much as possible for sake of brevity. They are, 
however, adequate for all practical purposes.

S il v e r  (A g+)

Neutral Medium 
Tan to brown precipitates. 2, 3, 9, 11, 13 to 21, 24 to 27, 

33, 34,40 to 52, 55 to 59 
White precipitate. 5, 12, 38, 39 
Yellow precipitate. 60 
Deep purple-brown precipitate. 53, 54 

Acid Medium
White precipitate. 2, 3, 5 to 13, 16 to 24, 26, 27, 29, 30, 32 

to 39, 41 to 49, 51, 55 to 59 
Yellow precipitate. 60 

Ammoniacal Medium
All brown to black precipitates except 12, 28, and 38 
White precipitate. 38

435
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G o l d  (AuCLt )
Acid Medium

Decolorized. 1 to 5, 7 to 10, 12, 13, 16, 20 to 24, 26 to 39, 
41 to 45, 47,49, 51, 55 to 57 

Brown precipitate. 6, 11, 14, 15, 17, 18, 19, 25, 46, 53, 58, 60 
Orange color. 40, 48, 50, 52, 54, 59

B i s m u t h  ( B i + + + )

Acid Medium
Yellow color or precipitate in all cases except 12, 15, and 40

C e r i u m  (Ce++++)
Acid Medium

Decolorized. 1 to 11, 13, 14, 17, 18, 20 to 24, 26 to 39, 41 to 
47, 51,52, 53 to 57 

Tan color. 12, 19, 60 
Pink color. 25, 40 
Pale gray color. 48 
Blue color. 49 
Purple flash, blue color. 53 
Yellow color changes to gray precipitate. 58 
Pink color changes to gray precipitate. 59

C o p p e r  (Cu++)
Neutral Medium 

White precipitate. 5 to 8, 10, 14, 16 to 24, 26, 27, 32 to 34, 
37 to 39, 41, 42, 46,54, 56, 57, 59 

Tan to brown color or precipitate. 9, 44, 50, 51, 53, 60 
Green color or precipitate. 12, 13, 25, 30, 40, 45 
Unstable red color. 28, 29, 35, 36 
Unstable tan color. 43,47 to 49, 55 
Unstable purple color. 52
Green color, changes immediately to blue precipitate. 58 

Acid Medium
White precipitate. 5 to 8, 10, 16, 17,18, 20 to 24, 26, 27, 29,

32, 33, 49, 54, 56 to 59
Pink color or precipitate 3, 9,13, 25, 43, 44, 47 
Brown precipitate. 30, 53
Unstable red color. 11, 28, 35 to 39, 41, 42, 46, 48, 50, 51, 55 

Ammoniacal Medium 
Gray black precipitate. 20, 21
Brown-black precipitate. 9, 14, 16, 22, 23, 33, 34, 44, 52, 57 
Blue color discharged. 1,7
Brown precipitate. 2, 5, 6, 8, 10, 11, 13,15,17,18, 24,26,27, 

28, 31, 35 to 43, 45 to 49, 51, 54, 56, 58, 59, 60 
Gray-green precipitate. 12,19, 25, 30, 32 
Purple precipitate. 50, 53, 55

I r o n  ( F e + + + )
Acid Medium

Pale yellow to tan color. 1, 4, 6, 8, 10, 11, 13, 16, 17, 27, 31, 
56, 57, 58, 59 

Yellow color, changes immediately to purple. 53

M e r c u r y  ( I I g j + + )
Acid Medium

Gray to black precipitate in all cases except 60 
Yellow precipitate. 60

M e r c u r y  ( H g + + )
Neutral Medium 

White precipitate. 5, 9, 11, 12, 13, 16, 18, 20 to 23, 25 to 27,
33, 34, 37,39, 41 to 43, 45, 46, 47, 49, 51, 54, 57 

Slightly gray precipitate. 53
Yellow precipitate. 60 

Acid Solution
White precipitate. All except 1, 4, 6. 14, 15, 19, 31 35, 36, 

52, 53, and 60 
Yellow precipitate. 60

I r id iu m  (IrCl« )
Acid Medium 

Decolorized. All except 12, 15, 25, 53, 58, 59, 60 
Slightly gray precipitate. 25, 53, 58, 59 
Yellow-brown precipitate. 60 

Ammoniacal Medium 
Unstable blue color. 14

O s m i u m  (O s O s )
Neutral Medium 

Yellow to tan color or precipitate. 2, 5, 7, 8, 10, 17, 21, 23, 
24, 28 to 30, 32, 33, 35, 36,38,43,47,48, 56, 58 to 60 

Red to brown color or precipitate. 3, 4, 9, 11, 15, 16, 18, 
42,44 to 46, 54, 55 

Pink color or precipitate. 6, 12 to 14, 19, 20, 25, 31, 34, 37, 
39 to 41,49 to 52,57

Acid Medium
Pink color or precipitate. 5 to 8, 10, 13, 14, 17, 19, 21, 24 to 

26, 29, 38, 41 to 43,45,47 to 49, 51, 53 to 59 
Yellow to tan color or precipitate. 3, 30, 60 
Blue color or precipitate. 28, 35, 36
Red to purple color or precipitate. 4, 9, 11, 15, 16, 18, 20, 

22, 23, 31 to 34, 37, 39, 40, 44, 46, 52 
Ammoniacal Medium 

Yellow to tan color or precipitate. 2, 3, 12, 15, 20, 21, 23, 
28, 31, 33, 37,39 to 41,43, 54,59 

Red to brown color or precipitate. 9, 11, 14, 16, 18, 22, 24 
to 26, 32, 34,42,44 to 47, 49 to 51, 53, 56 to 58, 60 

Purple oolor or precipitate. 6, 8, 10, 13, 17, 19, 52, 55
P a l l a d i u m  ( P d + + )

Acid Medium 
Orange color or precipitate. In all cases 

Ammoniacal Medium 
Yellow color or precipitate. 1, 5 to 14, 16 to 21, 23 to 28, 

32, 33, 37, 42 to 47, 51 to 53, 55 to 59

P l a t i n u m  ( P t C le  )
Acid Medium 

Yellow color or precipitate. In all cases except 15 
Ammoniacal Medium 

Slight tan color or precipitate. 1, 6 to 8, 10, 17 
Red color. 14

R u t h e n i u m  (RuC14~)
Acid Medium

Brown color. 2, 4 to 8, 10, 11, 14, 16 to 24, 26 to 29, 31 to 
37, 39, 41 to 44, 47, 52, 56, 57 

Green blue color. 1

A n t i m o n y  (Sb+++)
Acid Medium

Pale yellow color or precipitate. 2, 3, 5, 9, 11, 18, 20, 21, 23, 
24, 27, 28, 30, 33, 34, 37, 39, 43, 44, 46, 49

S e l e n i u m  (SeOj )
Acid Medium

Red color or precipitate. 1, 5 to 8, 10, 14, 16, 17, 19, 21, 24, 
29 33 34 39

Pink color or precipitate. 2, 4, 23, 27, 28, 31, 32, 36, 37, 43 
Yellow color or precipitate. 9, 11, 20, 30, 35, 38, 41, 42, 44, 

47, 52, 56, 57

T h a l l i u m  ( T l + + )
Ammoniacal Medium

White precipitate. 9, 11, 12, 18, 42, 44, 46, 47
Pink color or precipitate. 21, 33, 39, 55
Yellow to tan color or precipitate. 25, 43, 48, 51, 56, 58

S e n s itiv ity
The sensitivities for the different inorganic ions as observed 

on the spot plate are reported for thiourea and for the sub­
stitu ted  thioureas. Reactions not sensitive to  5 p. p. m. are 
not listed.

For thiourea: Bi+ ++, 2 p. p. m.; Pd+ + , 5 p. p. m.; SeOj , 
5 p. p. m.

For substituted thioureas:

B i s m u t h  ( B i + + + )
0.5 p. p. m. 58
1 p. p. m. 3, 20, 27, 30, 37, 39
2 p. p. m. 2, 5, 9 (color fades), 11, 18, 3S, 41, 44, 46, 56
3 p. p. m. 4,10,13 (color fades), 22 (color fades), 23, 24, 28,

47 55
5 p. p. m. 1, 7, 8, 21, 60

C o p p e r  (Cu++)
Acid Medium (color fades in all instances)

1 p. p. m. 11, 28, 30, 46, 47
2 p. p. m. 18, 25, 37, 41, 55
3 p. p. m. 35, 36, 38, 39

Ammoniacal Medium
1 p. p. m. 11, 14 (color fades)
2 p. p. m. 18, 25, 26 (color fades), 46, 52
3 p. p. m. 10, 13 (color fades), 22 (color fades), 23 (color

fades, 24 (color fades), 27, 37, 38, 44 (color fades), 45, 47 
(color fades), 50, 59

5 p. p. m. 9 (color fades), 16 (color fades), 17, 27 (color 
fades), 33 (color fades), 39 (color fades), 41,42 (color fades),
48 (color fades), 51, 60
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P a l l a d i u m  (Pd++)
2 p. p. m. 9, 11, 18, 4(3
3 p. p. m. 3, 8, 13 (color fades), 16, 17, 21, 22, 24, 25, 27, 28, 

30, 33, 36 to 39, 41, 43,44, 48 to 50, 54, 55, 58
5 p. p. in. 1, 2, 4 to 7, 10, 12 (color fades), 20 (color fades), 

23, 26, 29, 31, 32, 35, 40, 42, 45, 47, 51, 57, 59, 60

S u m m a ry

The reactions of 78 inorganic ions with 60 substituted 
thioureas and the sensitivities of the more sensitive reactions 
are reported. The reactions are very similar to  those ob­
served for thiourea and no definite relationship between reac­

tiv ity  and structure could be formulated. A num ber of the 
substituted thioureas give reactions with bism uth and copper 
th a t are more sensitive than  those of thiourea; however, their 
low solubility is a disadvantage.

T h i s  in veatigation  w as supported  p artly  b y  a grant-in -aid  from  th e  C arnegie 
C orporation of N ew  Y ork. I t  is th e  th ird  of a  projected  series based upon  
s tu d ies  of organic reagen ts in  inorganic an a lysis . T h ese  stu d ies  are being  
conducted  as a  coop erative effort in  w hich  ten  in stitu tio n s  are p artic ip atin g  
under th e d irection  of John  H . Y oe. T h ose  coop eratin g  w ith  th e U n iversity  
of V irginia are: Ilam p d en -S yd n ey , M ary B ald w in , R and olp h -M acon
(A sh lan d ), V irginia M ilitary  In stitu te , V irginia P o ly tech n ic  In stitu te ,  
W ashin gton  and L ee, W illiam  and M ary, U n iversity  of N orth  C arolina, and  
T u lan e U n iversity .

Micro-Kjeldahl Nitrogen Determination 
without Use o f Titration Procedure
W M . H . T A Y L O R  AND G . F R E D E R IC K  SM IT H , U n iv ersity  o f  I l l in o is , U r lx in a , 111.

TH E  work described in this paper has for its objective an 
extension of the W agner (1, 2) boric acid modification of 
the Kjeldahl nitrogen determ ination involving no standard 

titration solution. The am monia is evolved in the usual 
manner, absorbed in dilute boric acid, and evaluated by the 
determination of the pH  of the absorbing solution after dilu­
tion to a definite volume.

A recent critical survey of the Kjeldahl method has been 
made by Zakrzewski and Fuchs (4), whose survey includes a 
complete discussion w ith a bibliography of research on the 
method prior to 1937. No further reference to the literature 
of the subject is therefore necessary.

K je l d a h l  M e t h o d  a s  M o d if ie d  b y  W a g n e r . In  the 
Wagner procedure the digestion of the sample and the dis­
tillation of ammonia in the presence of excess alkali are carried 
out in the usual m anner. The distilled ammonia is absorbed 
in 4 per cent aqueous boric acid solution and is titra ted  using 
standard acid with m ethyl red as indicator. The difficulty 
involved in the W agner procedure, especially as applied to  the 
microprocedure, is th a t of obtaining sufficiently sharp indi­
cator change upon the completion of the neutralization of 
ammonia.

P resen t M od ifica tio n  o f  W agner P rocedure

The first a ttem p t to  improve upon the indicator titrational 
method of W agner was to substitu te a glass electrode pH 
meter for the m ethyl red indicator. This proved no more 
satisfactory than  the use of the indicator because of the buff­
ering effect of the boric acid present. This also explains the 
difficulty m et in the use of m ethyl red as indicator for this 
titration.

The next a ttem p t involved taking advantage of the buffer 
capacity of the boric acid by titra ting  the  ammonium hydrox­
ide with 0.01 N  sulfuric acid to  a definite pH, th a t of the pH 
represented by  the boric acid solution alone. If the to tal 
volume of the solution is carefully controlled, and the to tal 
volume of boric acid accurately measured, very satisfactory 
results are obtained, as will be subsequently shown (Table I).

The last m ethod of approach consisted in the determ ination 
of the am ount of ammonia absorbed by  the boric acid by 
determination of the change in pH  of this solution due to the 
addition of ammonia. This procedure involves no standard

titra ting  solution. E xact volumes of boric acid solution are 
treated with varying am ounts of standard  0.01 N  ammonium 
hydroxide and diluted to  a definite volume. The pH ’s of a 
series of such solutions thus prepared are plotted as a function 
of the am monia content. The unknown am ounts of am ­
monia from Kjeldahl digestions and distillations are then de­
termined by the same procedure, reading the am ounts of am ­
monia present as a function of the pH  of the solution by refer­
ence to  the calibration plot previously obtained. By prepar­
ing a large volume of boric acid solution for absorption of the

F i g u r b  1. V a r ia t io n '  i n  pH  w i t h  D i l u t i o n  

10 m l. o f 4 per cen t HaBOs
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T a b l e  I. p H  o f  B o r i c  A c i d  S o l u t i o n  a s  a  F u n c t i o n  o p  A d d e d  
A m m o n iu m  H y d r o x i d e  

(1 0 .0 0  m l. o f 4  per cen t boric acid  d ilu ted  to 150 m l.)
0 .0 1  N  N H 4OH Error, 0 .0 1  N

0 . 0 1  N T o ta l p H Found NBUOH
N H 4O H V olum e Found B y  titration B y  p H B y  titration B y  pH

M L M l. M l. M l. M l . Ml.

2 .1 5 1 5 2 .2 6 .5 3 2 .1 6 2 . 2 0 + 0 . 0 1 + 0 .0 5
2 .6 2 15 2 .6 6 .6 0 2 .6 5 2 .5 7 + 0 .0 3 - 0 . 0 5
3 .2 6 153 .3 6 .7 2 3 .2 0 3 .3 5 - 0 . 0 6 + 0 .0 9
3 .7 4 1 5 3 .7 6 .7 7 3 .7 3 3 .7 2 - 0 . 0 1 - 0 . 0 1
4 .3 1 154 .3 6 .8 3 4 .3 5 4 .2 5 + 0 .0 4 - 0 . 0 6
4 .8 7 1 5 4 .9 6 .9 0 4 .8 0 5 .0 0 - 0 . 0 7 + 0 .1 3
5 .4 4 155 .4 6 .9 4 5 .4 4 5 .4 2 ± 0 . 0 0 - 0 . 0 2
5 .8 0 1 5 5 .8 6 .9 7 5 .8 3 5 .8 5 + 0 .0 3 + 0 .0 5

A v . algebraic error - 0 . 0 0 4 + 0 .0 2 3

evolved ammonia one calibration curve can be made to  apply 
to  a large number of determinations. A new calibration curve 
is required for each new lo t of boric acid solution. The new 
procedure is therefore best adapted to  use in a  routine Kjel- 
dahl process where large numbers of determinations are in de­
mand.

P rep a ra tio n  o f  C a lib ra tion  C urves

Since the measurem ent of pH had to  be made a t  definite 
volume, it was necessary to determine the m ost favorable 
volume to  employ—th a t is, to establish the minimum volume 
a t  which the change in pH  of the boric acid solution would be 
negligible upon addition of a small increment of solvent. For 
this purpose a dilution curve was plotted by adding definite 
increments of water to 10 ml. of 4 per cent boric acid solution, 
followed by the determ ination of the pH. The d a ta  thus ob­
tained are shown in Figure 1.

From a study of the d a ta  plotted in Figure 1, the dilution of 
10 ml. of 4 per cent boric acid solution to  150-ml. volume was 
selected as suitable. A t this volume a further dilution with 
10 ml. of water altered the pH by only =*=0.01 pH  (an am ount 
representing approxim ately the limiting precision of the usual 
industrial model direct-reading pH-m eter).

A calibration plot was then prepared by the addition of 
definite amounts of 0.01 N  ammonium hydroxide solution to  
10.00-ml. portions of 4 per cent boric acid solution diluted to  
150 ml. with ammonia-free water. The pH  of the solution 
was determined and in addition the ammonia was titra ted  
using 0.01 N  sulfuric acid to the pH  represented by the origi­
nal diluted boric acid solution. The results are shown in 
Table I.

The d a ta  of Table I, columns one and three, are plotted in 
Figure 2. The d a ta  of column five were taken from the plot 
thus found. The calibration curve of Figure 2 was used for 
the subsequent estimations reported in this work and checked 
by direct titration . The estim ation of am monia by  deter­
mination of the pH  is seen by the d a ta  of Table I  to  be some­
w hat less accurate than  th a t obtained by direct titra tion  to  a 
definite pH .

To check further the accuracy of the new procedure, vary­
ing am ounts of standard  ammonium chloride solution were 
introduced into the K jeldahl distillation apparatus and the 
ammonia evolved was distilled into 10.00 ml. of 4 per cent 
boric acid. The pH  was measured a t a volume of 150 ml. and 
the ammonium hydroxide was titra ted , using 0.01 N  sulfuric 
acid, to  the original pH  of the boric acid alone. The results 
are shown in Table I I .

E ntire  Kjeldahl determ inations were carried out using the 
modified procedure, w ith the results given in Table I II .

T a b l e  II. D e t e r m i n a t i o n  o f  A m m o n iu m  H y d r o x i d e  f r o m  
K n o w n  A m o u n t s  o f  A m m o n iu m  C h l o r i d e

(0 .4 5 2  m g. o f N H «C i per m l. =» 0 .8 4 5  m l. of 0 .0 1  N  N H 4CI per m l. 1 0 . 0 0  m l. 
of 4  per cen t boric acid  so lu tion  used w ith  final d ilu tion  to  150 m l. before 

d eterm in ation  of p H  and titra tion  of N H 4OH )
N H 4CI p H N H 4O H  Found and A dded Error
Taken Found A dded B y  p H B y  titra tion B y  p H B y  titra tion

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

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

A v. a lgebraic error + 0 .0 2 6 + 0 .0 0 8 .

T a b l e  III. A n a l y s i s  o f  P u r f .  A m i n o i d - N i t r o g e n  C o m p o u n d s

C om pound  

C *H *N H C O C H i (aeetan ilide)

C tH iSO jN H ; (benzene äulfonam ide)

C iH tN H iH SO aH jO  (sulfanilie acid)

N itrogen
T h eoretical

1 0 .3 6

8 .9 0

7 .3 2

N itrogen
F ound

%
1 0 .1 5  
1 0 .5 5  
1 0 .2 9  

A v . 1 0 .3 3

8 .8 1  
8 .8 2  
8 .9 9  
8 .8 7

7 .5 0  
7 .4 0  
7 .4 5

A v .

A v.

F i g u r e  2 .  V a r i a t i o n  i n  p H  a s  a  F u n c t i o n  o f  A m m o n i u m  
H y d r o x i d e

D eta iled  P roced u re for M odified  W agner M icro­
d e te r m in a tio n  o f  N itro g en

The apparatus used and the technique employed were those 
described by Niederl (3) and involve no modification of the 
original Pregl equipment. The sample, following digestion to de­
compose all organic m atter in the usual way to convert all nitrogen 
to ammonium sulfate, is transferred to the standard Pregl dis­
tillation microapparatus. A slight excess of 50 per cent nitrogen- 
free sodium hydroxide is added and the liberated ammonia is 
distilled into a 125-ml. Erlenmeyer flask containing exactly 10.00 
ml. of 4 per cent boric acid solution. When the total volume of 
distillate has reached 25 ml., the distillation is discontinued. 
(The amount of boric acid solution is accurately determined using 
a microburet.)

The solution is transferred to a 250-ml. beaker and diluted to 
150 ml. with nitrogen-free boiled conductivity water. The pH 
of the solution is then measured by means of an industrial model 
direct-reading Beckman pH meter and the corresponding milli­



liters of 0.01 N  ammonium hydroxide are obtained from the cali­
bration curve obtained as previously described. From the data 
thus obtained the per cent of nitrogen in the original sample may 
be calculated.

The pH of the solution is dependent upon the amount of boric 
acid present as well as the amount of ammonia and thus it is 
necessary to measure the amount of boric acid very accurately. 
In addition, i t  is necessary to prepare a new calibration curve 
whenever a fresh stock of boric acid solution is prepared. Special 
conductivity water need not be prepared if the calibration curve 
is made using the same water for dilution or if a blank is run.

C o n clu sio n s

Two modifications of the W agner micro-Kjeldahl procedure 
avoid the troublesome use of m ethyl red as indicator. The 
first method consists in a potentiometric titra tion  to  the pH
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represented by the boric acid absorption solution after dilu­
tion to  a definite volume and estimation of the ammonia con­
ten t by reference to a calibration curve. This m ethod is more 
accurate, b u t involves the use of a  standard titra tion  solution.

The second method, while somewhat less accurate, is not 
dependent upon the preparation and storage of a standard  acid 
and is adm irably suited to routine analyses because of the 
saving of tim e otherwise required for a titration .

L itera tu re  C ited
(1) E isn er  and  W agner, I n d . E n o . C h e m ., A n a l . E d ., 6, 473 (1934).
(2) Meeker and Wagner, Ibid., 5, 396 (1933); 12,771 (1940).
(3) Niederl and Niederl, “Micromethods of Quantitative Organic

Elementary Analysis” , New York, John Wiley & Sons, 1938.
(4) Zakrzewski and Fuchs, Biochem. Z„ 285, 390 (1936).
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Refractive Index Measurements at and above 
the Melting Point of Solids

H . A . F R E D IA N I1 

F ish e r  S c ie n tif ic  C o m p a n y , P it ts b u r g h , P cn n a .

PROBABLY the m ost widely used m ethod for determ in­
ing the refractive index of crystalline or solid materials 
involves use of the “Becke line” phenomenon ( /), for which 

a microscope and a series of standard liquids of known refrac­
tive index are required. For optim um  conditions the liquid 
series used should include numerous duplicates, in order to 
obtain immersion media in which the solid m aterial is insol­
uble. Even for the crystallographically simplest of com­
pounds, isotropic in nature, the procedure is somewhat tedious 
and time-consuming.

Two courses are possible: (1) Crystals, or fragments, of 
the solid m ay be immersed in a progressively increasing or 
decreasing series of the immersion media of known index until 
a liquid of similar index is found, or (2) the particle m ay be 
immersed in a medium of lower refractive index and a second 
medium of higher index used for dilution until minimum visi­
bility is attained. In  this la tte r m ethod the index of the 
medium finally attained m ust either be computed or be 
measured w ith a suitable refractom eter. For anisotropic 
substances the procedure is still more complex. The refrac­
tive index varies w ith the direction of transmission and of 
vibration of the light in the specimen. Two constants m ust 
be obtained for uniaxial and three for biaxial crystals. This 
necessitates use of a  polarizing microscope and proper crystal- 
lographic orientation of the m aterial for each determination. 
The complexity of the measurem ents required m ay be under­
stood by referring to  the procedure recommended by Larsen 
[10). Inasm uch as m ost crystalline m aterials m ay be classi­
fied as anisotropic, i t  is easy to  understand the recent sta te­
ment th a t the values (refractive indices) for organic solids 
have not been so well collected as have those for liquids (5).

M any organic chemists working in qualitative organic analy­
sis make routine refractive index measurem ents of liquids 
as an easily and conveniently determined physical constant 
to assist in their identification. Because of the complexity 
of the apparatus, the specialized technique required, and the

1 Present address, E im er and A m end, N ew  Y ork , N . Y .

F i g u r e  1 . R e f r a c t o m e t e r  E y e p i e c e

labor involved, this useful property is rarely applied by  such 
investigators (2) to solid m aterials.

A newly developed attachm ent for the Fisher refractom ­
eter (5) now extends the ease of measurem ents of refractive 
indices to a much larger group of organic substances. The 
apparatus perm its the sim ultaneous determ ination of two 
common physical constants, m elting point and refractive in­
dex of the resultant liquid, as well as the approxim ate esti­
m ation of a third, less commonly employed value, the disper­
sion (7). Despite the fact th a t the m ethod is not applicable 
to  all types of compounds, i t  is of considerable value to  the 
organic analyst. The substance to  be investigated is placed 
on a heated stage and the tem perature raised until the melting 
point is reached and noted. The hea t control m ay be ad ­
justed to  m aintain the tem perature a t  the m elting point and 
the refractive index of the resultant true liquid determined. 
An alternative procedure is to raise the tem perature further 
to some reference point above the melting point and deter­
mine the refractive index and dispersion.
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F i g u r e  2 . L a b o r a t o r y  S e t u p

A p p aratu s
The instrument employed is a Fisher refractometer, which em­

bodies certain modifications of the principles suggested by Jellev 
(6') and also reported by Edwards and Otto (3). An accurately 
ground and polished glass prism is utilized (Figure 1) for the 
formation of a “ liquid prism” of the substance to be investigated. 
Simultaneous observation of an illuminated slit and its virtual 
image, seen through the liquid prism, ¡xjrmits measurement of 
the vertical displacement of the image from the slit. This dis­
tance is dependent upon the refractive index of the liquid in­
vestigated. The scale used is calibrated directly in refractive 
index units from n = 1.300 to n =  1.900. Measurements are 
possible to ±0.002 unit.

For measurements a t controlled elevated temperatures a modi­
fied eyepiece, consisting of a nickel-plated brass block into which 
a Nichrome resistance wire heating unit has been sealed, is sub­
stituted for the one ordinarily supplied with the instrument. 
A thermometer, or thermocouple well, is also present. In the 
instrument used for obtaining the data reported in this paper, a 
300° C., red column and magnifying front thermometer gradu­
ated in 10 steps was employed. The well is sufficiently deep to 
permit placing the bulb of the thermometer directly above the

peep hole and slightly behind the circular optical glass backing 
plate.

The temperature was regulated and controlled by plugging the 
heater cord from the eyepiece into a Varitran (continuously vari­
able auto-transformer) and adjusting the voltage applied be­
tween 0 and 60 volts. Fine, stepless, continuous adjustment 
is thus possible and the instrument may be brought to, and main­
tained at, any temperature between tha t of the room and 200° C. 
For mechanical reasons use of higher temperatures is not recom­
mended.

The complete laboratory setup used for obtaining the data re­
ported herein is shown in Figure 2.

P roced u re
The glass plate and prism of the instrument are carefully wiped 

with a soft cloth, lens paper, or Kleenex, or if necessary, are 
cleaned by wiping with a cloth wetted with water, benzene, carbon 
tetrachloride, or any other readily volatile solvent. The prism is
then placed on the eyepiece in the position governed by the spring 
clamp, with the beveled edge forming a well of V-shaped cross 
section, the lower edge bisecting the small hole behind the per­
manently mounted optical glass circular plate (see Figure 1). 
A crystal or fragment (or preferably a few milligrams of finely 
powdered material) is placed in this well, so that upon melting 
the liquid will be drawn to the apex and form a liquid prism. The 
size of sample required depends to a  very large extent upoi 
volatility of the specimen. Two milligrams of sample will suffice
size of sample required depends to a very large extent upon the

for compounds exerting low vapor pressures at the melting point. 
The heater is plugged into the Varitran and the voltage turned 
up so that the temperature is rapidly brought to within 5° to 10° 
of the melting point. The Varitran then should be adjusted so 
that the temperature continues to rise 1° or 2° per minute.

At the melting point the fragments will liquify rapidly and the 
resultant liquid will flow into the prism. The exact temperature 
may now be noted and recorded. Upon depressing the refrac­
tometer light switch a t the rear of the instrument, the refractive 
index of the liquid may be read directly from the scale, in the 
plane of the light slit, by peering through the small hole in the 
eyepiece. If desired, the neater may be adjusted to maintain 
the temperature a t a predetermined point—i. e., 5°, 10°, 15°. 
etc., above the melting point—anil the index measured under 
these conditions. Because the readings may be obtained prac­
tically instantaneously, it is not necessary to attem pt to main­
tain constant temperatures for appreciable lengths of time. 
However, since the thermometer bulb is embedded in the block 
close to the heating element, whereas the sample is separated 
from the block by a glass plate 1 mm. thick, temperature changes 
should be effected slowly enough to compensate for thermal lag 
between the thermometer and sample.

I t  has been found best policy to clean the glass plate and prism 
immediately after recording the desired data. This may readily 
be accomplished by wiping while hot. The Varitran may then be 
turned to zero, and as soon as the thermometer drops below the 
melting point of the next specimen to be investigated, the fresh 
sample may be placed on the eyepiece and studied. A curve indi­
cating the thermometer reading a t various settings of the Vari­
tran has been found extremely convenient. By its use approxi­
mate temperature settings may be readily made.

T a b l e  1. C o m p o u n d s  I n v e s t i g a t e d

M eltin g  P o int
R efractive Index  
a t MeltinK P oint D ispersion  M easurem ents

Com pound D etd .
H an d ­

book (0) D etd .
H an d ­

book (¿9) R ed  Green
Scale
N o.

a -N ap h th y lam in e 49 50 1 .6 6 9 1 .6703 1 .6 6 2  1 .6 9 8 4
P alm itic  acid 62 6 3 -4 1 .4 3 5 1 .4 3 0 W h ite  im age 0

Stearic acid 69 6 9 -7 0 1 .4 3 4
at 9 0°  

1 .4 3 3 5 W h ite im age 0
o-N itroaniline 70 7 1 -5 1 .6 6 0 1 .6 3 8  1 .6 9 5 6
o-N itrophenol 89 96 1 .5 6 9 1 .5 6 0  1 .5 7 3 2
0-N aph th ylam im ' 109 111-12 1 .6 4 3 1 .6493 1 .6 3 7  1 .6 6 0 3

p -N itrop henol 110 113 1 .6 0 2
at 98°

1 .5 9 0  1 .6 1 8 3
m -N itroaiiiline 111 114 1 .5 9 5 1 .5 8 3  1 .6 0 5 3
o-T olid ine 125 129 1.641 1 .6 3 8  1 .6 5 9 3
¿¿-M alic acid 129 128-9 1 .4 5 0 W hite im age 0
P yrogallo l 134 134 1.561 1 .5 5 7  1 .5 6 6 1
A nth ran ilic  acid 144 145 1 .5 7 8 1 .5 7 0  1 .5 9 3 3
7>-N itroaniline 147 146-7 1 .6 7 0 1 .6 5 5  1 .7 1 5 7
A m m onium

th iocyan ate 150 150 1 .5 9 0 1 .5 8 6  1 .5 9 8 2
C itric acid 152 153 1 .4 6 0 W hite im age 0
T artaric acid 169 168-70 1 .4 6 4 W h ite  im age 0
P otassiu m

th io cy a n a te 174 173 1 .5 5 8 1 .5 5 5  1 .5 6 2 1
Succin ic acid 190 189 1 .4 0 5 W hite im age 0

D iscu ss io n

W ith reasonable care in the ad justm ent of the 
heater, m elting points m ay easily be deter­
mined w ithin 1° or 2° of reported values. 
The principle is, of course, similar to  th a t used 
in the Fisher-Johns melting point apparatus (4) 
which has been used by organic chemists for 
some four years.

Since a  regular 110-volt, tungsten filament 
bulb is used as light source, the beam employed 
is not monochromatic b u t “w hite” . For sub­
stances having low dispersion—i. e., where all 
wave lengths of light are similarly diffracted—the 
virtual image seen is a  white image as narrow as 
the slit itself. For substances having appreciable 
dispersive powers the image obtained is not a line 
image b u t rather a multicolored band. The actual 
w idth of the band—i. e., distance between the far 
edges of the red and violet portions—depends upon
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T a b l e  II. D i f f e r e n c e  b e t w e e n  R e a d i n g s  T a k e n  o n  E d g e s  
o f  R e d  a n d  G r e e n  P o r t i o n s  o f  I m a g e

D ispersion  
S ca le N o.

0 (w h ite  im age ob tain ed ) 0
0 .0 0  to 0 .0 1  1
0 .0 1  to  0 .0 2  2
0 .0 2  to  0 .0 3  3
0 .0 3  to  0 .0 4  4
0 .0 4  to  0 .0 5  5
0 .0 5  to  0 .0 6  0
0 .0 0  to  0 .0 7  7
0 .0 7  to  0 .0 8  8
0 .0 8  to  0 .0 9  9

the dispersive power of the sample. The scale of the instru-; 
ment has been so constructed th a t reading of the yellow portion 
of the spectral band formed indicates the refractive index of the 
medium as generally determined by  using an Abbe or Pul- 
frich refractom eter w ith light of sodium D  wave length. This 
yellow portion is generally sharply defined as the narrow re­
gion between the brilliant red and green portions of the image. 
The dispersive power of the sample investigated m ay readily 
be estim ated from readings taken a t  the visible limits of the 
spectral band formed. W ith carefully performed observa­
tions the precision attainable, irrespective of the dispersion 
encountered, is =<=0.002 unit. The tem perature coefficient 
may also be ascertained by adjusting the heater so th a t the 
tem perature slowly rises over the range desired and taking 
periodic readings on the refractom eter as the therm om eter 
reaches predeterm ined values.

L i m i t a t i o n s  E n c o u n t e r e d .  Because of the  personal 
safety factor it is recommended th a t tem peratures in excess, 
of 175° C. be employed b u t rarely. In  making a reading the 
eye m ust necessarily be brought close to the specimen; for 
this reason lachrym atory compounds will be difficult to study. 
Compounds th a t sublime cannot be studied. D ata will be 
difficult to obtain for compounds exerting high vapor pres­
sures a t  or slightly above the melting point. Salicylic acid is 
an excellent example dem onstrating this type of difficulty. 
Nevertheless there are m any organic compounds which do not 
fall in the above classes and which lend themselves adm irably 
to study by the m ethod and apparatus described.

D a t a .  The data  obtained in this preliminary investigation 
were chosen, not w ith any specific class of compounds in view, 
but with the intention of determining the constants on a  repre­
sentative group for the m elting range recommended. A large 
enough group was chosen to include substances ranging from 
high to low refractive index and from zero to  appreciable dis­
persion. In  Table I  are listed the compounds investigated,, 
the determined and handbook values for melting point (and 
refractive index where available), and an indication as to the 
dispersion observed. The classification of the dispersive 
power is somewhat difficult to decide upon. Since mono­
chromatic radiations were not used, accurate calculations 
were not possible (dispersion is usually defined as being pro­
portional to the ra te  of change of the reciprocal of the velocity 
with wave length). I t  seemed likely, however, th a t some 
simple, definite, sem iquantitative indication of the degree of 
dispersion would be useful. For th a t reason the compounds 
investigated have been classified according to an easily deter­
minable arb itrary  method. Readings were taken on the 
lowest edge of the red and the highest edge of the green portion 
of the band formed. Readings were not taken to the blue or 
violet because of the difficulty in locating the edge of these 
regions. The red and green edges are usually clearly discern­
ible. These readings are also included in Table I  and the 
dispersion scale num bers are based upon the relationships 
indicated in Table II.

D i s c u s s i o n  o f  D a t a .  For those few compounds for which 
data could be found in the literature the agreement between

the au thor’s values and those previously reported are satis­
factory. The compounds used in this study  were stock 
chemicals of the purest grade obtainable commercially bu t 
were not crystallized or further purified before use. The 
determined and handbook values for a-naphthylam ine as well 
as for stearic acid agree rem arkably. The handbook value 
for /3-naphthylamine is reported as having been obtained a t 
98° C., about 14° below the m elting point of the pure com­
pound. The author’s sample melted a t  109°, indicating some 
im purity, and his value is somewhat less than th a t men­
tioned above. The difference between the two values (0.006 
unit) m ay easily be laid to  the differences in purity  of the two 
samples and to  the tem perature difference a t  which the 
measurements were made. Small am ounts of impurities are 
ap t to have a much larger effect upon the m elting point of a 
compound than  upon its refractive index. For this reason 
the la tte r property m ay well be the better for identification 
studies.

D eterm ination of the specific refraction for such compounds 
would be an interesting study, although density measurements 
a t  the reference tem perature would be required. For m any 
compounds the m elting and solidification points m ay be 
accurately determined by noting the tem perature a t  which 
the image appears and disappears upon slowly raising and 
lowering the tem perature. Supercooling m ust be considered 
for certain samples.

The value of refractive index measurem ents a t  elevated 
tem peratures for identification purposes will be enhanced 
greatly after sufficient d a ta  have been obtained and reported 
to perm it the compilation of orderly d a ta  tables. In  the 
meantime one m ay m ake use of the m ethod by alternate  de­
term inations on the unknown m aterial and on known com­
pounds. Obviously, because of the scarcity of low-melting 
inorganic compounds, the m ethod is not ap t to  find applica­
tion in this field. I t  should prove of value in studies of 
natural and artificial waxes and similar m aterials, even though 
these substances are a p t to  have m elting ranges rather than 
melting points. A compilation of data  for this group of sub­
stances is now under way.

S u m m a ry

Refractive index measurements of organic compounds a t 
and above the melting point have been proposed for identifi­
cation studies. Such a procedure necessitates the determ ina­
tion of b u t a single value, rather than  the two or three re­
quired on crystalline anisotropic material. This value m ay 
be determined more easily and rapidly than  similar values for 
even isotropic m aterials in the crystalline state.

A pparatus for the simultaneous determ ination of m elting 
points up to 200° C. and refractive indices between 1.300 and 
1.900 has been described. The m elting points m ay be ob­
tained w ith an accuracy of 1° to  2° C., while the  index 
measurements m ay be made to =*=0.002 unit.

Estim ations of dispersion m ay be m ade w ith the apparatus 
described and a dispersion scale is suggested for classification 
of compounds.
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M ETHODS for the determination of arsenic are legion 
for two principal reasons: first, because of the impor­

tance of the accurate determination of arsenic in food, biologi- 
cals, organic material, etc., and second, because the methods 
in use are not entirely satisfactory. The literature of arsenic 
determinations has been surveyed by Minot {SO), Kleinmann 
and Pangritz {16), and How (13).

The methods for the microdetermination of arsenic may be 
placed in seven groups.

1. The Marsh-Berzelius method (7, 18, 21) depends upon the 
generation of arsine and its subsequent decomposition by heat 
with the formation of an arsenic mirror.

2. The Gutzeit method (1, 13, 15) depends on the generation 
of arsine, which in turn reacts with papers impregnated with 
mercuric chloride or bromide.

3. Variations of this method are the action of arsine on silver 
nitrate or on other silver and gold salts, as in Rose’s method (9). 
Thus Truffert (SO) used the action of arsine on photographic 
paper coated with silver citrate to ascertain the arsenic content of 
materials.

4. The bromate method (1) depends on the distillation of 
arsenious chloride and the subsequent estimation of this com­
pound by a bromate titration.

5. The iodometric method of Cassil and Wichmann (4) de­
pends on the evolution of arsine in a special generator; the liber­
ated arsine is trapped by mercuric chloride solution which oxidizes 
it to arsenious acid, which in turn is estimated by titration with 
iodine.

6. An example of the nephelometric methods used for the de­
termination of arsenic is tha t of Kleinmann and Pangritz (16). 
A reagent consisting of equal parts of 1 per cent potassium molyb- 
date solution and 2 per cent cocaine solution, and 2 parts of N  
hydrochloric acid gives a turbidity with small quantities of arsenic 
pentoxide.

7. Molybdenum blue methods are discussed below.

G u tz e it  M eth o d

An official method for the determination of arsenic is the 
Gutzeit method (1, 15). In 1928, Clarke (6) said, “Although 
the results are very good in some instances, general experience 
has made it plain that not one of the various modifications 
of the Gutzeit method can be used by the average analyst 
with the assurance or probability that his results will be ac­
curate unless he attains considerable experience in its use.”

Studies of Gutzeit methods by Barnes and Murray (2), 
Neller (24), Gross (12), and Mtihlsteph (23) show that rela­
tively large errors often occur. Using disks, as required 
by the British Pharmacopeia, is no better than using strips, 
for arsine may pass unchanged through the disks.

The greatest difficulty in the use of the Gutzeit method is 
the inability to duplicate the brown arsenic stains on the mer­
curic bromide papers. There is sufficient evidence in the 
literature to show that arsine is quantitatively liberated by 
means of a Gutzeit generator (13). The greatest advantage of 
the Gutzeit method is the simplicity of the generator, the ease 
of generation of arsine, and therefore the ability to separate 
arsenic from interferences.

M o ly b d en u m  B lu e  M eth od s

The molybdenum blue method is probably the most sen­
sitive and accurate for the determination of arsenic. This 
has been emphasized by Snell (29) and by Pierson (25).

Phosphorus reacts with ammonium molybdate to form a 
complex phosphomolybdate, which may subsequently be 
reduced with the formation of a complex molybdenum com­
pound strongly colored blue. Arsenic undergoes an entirely

analogous reaction with the formation of an intensely colored 
blue complex. This reaction of arsenic and its use in  methods 
for the estim ation of arsenic have been discussed by a  num ber 
of investigators. The term  “molybdenum blue complex” is 
applied to  the series of complex oxides formed by arsenic and 
molybdenum, phosphorus and molybdenum, and molyb­
denum itself.

T he principal variations of the molybdenum blue m ethod 
for arsenic are those of Maechling and Flinn (19), Youngburg 
and Farber (32), Zinzadze (S3), M orris and Calvery (22), and 
Chaney and M agnuson (5).

F i g u r e  1. A p p a r a t u s  f o r  A r s i n e - M o l y b -  
d e n u m  B l u e  M e t h o d

The effects of concentration, ionic strength, and interfer­
ences on the molybdenum blue reaction were studied by  K utt- 
ner and Cohen (17) and Schricker and Dawson (28).

A rsin e -M o ly b d en u m  B lu e  M eth o d

T he fact th a t  the G utzeit m ethod is used so extensively 
despite its known faults indicates th a t the m ethods suggested 
to replace i t  do no t have sufficient sim plicity or adaptability 
for m ultiple determ inations.

The following method, which is a com bination of the of­
ficial G utzeit m ethod for the generation of arsine and a  simple 
modification of the molybdenum blue method, has the ad­
vantage of sim plicity coupled w ith the ability  to  be adapted 
for m ultiple determinations.

If  instead of perm itting the arsine to  impinge on paper im­
pregnated w ith mercuric bromide, mercuric chloride, silver 
nitrate, silver citrate, or some analogous compound, the ar­
sine is absorbed in some trapping solution which oxidizes it to
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arsenate, the molybdenum blue m ethod m ay be used di­
rectly for its determination.

The use of bromine water, sodium peroxide, hydrogen per­
oxide, potassium persulfate, potassium chlorate, potassium bro­
mate, and sodium hypobromite was investigated by the authors. 
Robinson (S, 27) used a normal solution of sodium hypobromite 
in a Winkler spiral for the trapping of arsine. Deemer and 
Schricker (8) used concentrated nitric acid saturated with bro­
mine but discarded arsine evolution for the trichloride distilla­
tion. Cassil and Wichmann (4) trapped arsine in mercuric chlo­
ride solution, but the authors found that the molybdenum blue 
method could not be used if mercuric chloride or silver nitrate 
were the trapping agents. Chaney and Magnuson (5) used po­
tassium iodate to oxidize arsenious chloride to arsenate before 
applying the molybdenum blue test.

The authors found tha t complete absorption of arsine in one 
trapping device could be obtained by the use of 3 cc. of a mixture 
of 3 cc. of half-saturated bromine water and 1 cc. of 0.5 N  sodium 
hydroxide solution. The use of bromine water alone necessitated 
the use of more than one trapping device. Solutions of hydrogen 
peroxide and sodium peroxide were also inefficient absorbing 
agents and required a series of bubblers. Potassium persulfate 
apparently did not oxidize arsine completely to arsenate, al­
though it did oxidize arsenite quantitatively to arsenate.

A p p a r a t u s .  The apparatus consists of the official Gutzeit 
generator (1, 15) and a trapping device similar to tha t used for 
the determination of benzene or toluene in air by the butanone 
method (14, 31). This arrangement is illustrated in Figure 1. 
If the benzene trap is not available, a simple trap can be made by 
bending a 17.6-cc. or 20-cc. pipet into the form of the trap shown 
in the illustration and then filling the bulb portion with beads. 
The tube containing the mercuric hromide test paper in the usual 
Gutzeit method is replaced by another tube leading the generated 
gases to the trapping device.

P r e p a r a t i o n  o f  S a m p l e .  Make an acid digestion or use the 
solvent procedure of Wichmann and Clifford as detailed by the 
Association of Official Agricultural Chemists (1) or Jacobs (15), 
or, if necessary, employ combustion methods (3, 26). Then pre­
pare an aliquot for an official Gutzeit test as directed in the afore­
mentioned texts. From this point proceed as directed below.

R e a g e n t s . Sodium hypobromite solution. Add 0 .5  iV 
sodium hydroxide solution to half-saturated bromine water in the 
proportion of 1 cc. of 0 .5  N  sodium hydroxide solution to 3 cc. of 
bromine water.

Saturated bromine water. Add 2 cc. of liquid bromine to 200 
cc. of water in a 250-cc. glass-stoppered bottle, shake well, and 
allow to stand. Dilute with an equal volume of water before use 
in the preparation of the sodium hypobromite solution.

Ammonium molybdate solution. Dissolve 25 grams of am­
monium molybdate in 300 cc. of water. Dilute 75 cc. of concen­
trated sulfuric acid to 200 cc. with water and add to the ammo­
nium molybdate solution.

Standard arsenious oxide solution. Dissolve 0.300 gram of 
arsenic trioxide, As20 3, in 25 cc. of 10 per cent sodium hy­
droxide solution, make slightly acid with sulfuric acid_ (1 to 6), 
and dilute with water to 1 Titer. Dilute this stock solution, which 
may be standardized against standard potassium bromate solu­
tion, if desired, to an appropriate dilution to make for ease in the 
removal of aliquots to be used for the standards in the develop- 

'rnent of the color. Thus, for instance, a 5-cc. aliquot of the stock 
standard solution diluted to 1 liter yields a solution, 1 cc. of which 
is equivalent to 1.5 micrograms of arsenic trioxide. This dilute 
standard should be prepared fresh from the stock standard solu­
tion.

Hydrazine sulfate solution. Prepare a saturated solution of 
hydrazine sulfate, NsH^ILSO,. Dilute an aliquot of the super­
natant liquid 1 to 1 with water.

Sulfuric acid. Prepare a  2 iV solution of sulfuric acid and stand­
ardize against standard alkali in the usual manner.

Procedure. Allow the generation of arsine to proceed as di­
rected in the Gutzeit method and trap the arsine in the bead de­
vice to which 3 cc. of sodium hypobromite solution have been 
added. After generation is completed—that is, after 1 to 1.5 
hours—transfer the contents of the trap to a graduated colorim­
eter tube, Nessler tube, or volumetric flask. Wash the trap 
with six 2-cc. portions of distilled water, delivering the water to 
the trapping device with a 2-cc. pipet. Use a rubber bulb aspira­
tor to blow the wash solutions out of the trap into the collection 
vessel. Press the aspirator bulb gently in this step. Add exactly 
5 cc. of 2 N  sulfuric acid and stir, add 1 cc. of ammonium molyb­
date reagent, and shake. Add 1 cc. of the half-saturated hydra­
zine sulfate solution and swirl, make to a volume of 25 cc., and 
allow to stand for 0.5 hour for full development of the blue color. 
Compare with standards or a standard treated in a similar way 
at the same time.

May 15, 1942

P r e p a r a t i o n  o f  S t a n d a r d s .  Prepare the standards or stand­
ard from the diluted stock standard arsenious oxide solution. Add 
3 cc. of sodium hypobromite solution to the aliquot or aliquots 
selected, dilute to 15 cc. with distilled water, add exactly 5 cc. of 
2 N  sulfuric acid, and stir. Add 1 cc. of the molybdate reagent, 
stir, add 1 cc. of half-saturated hydrazine sulfate solution, and 
stir. Make up to the same volume as the test solution. Run a 
blank on all the reagents as a check.

If a final volume of 25 cc. is to be used in making the compari­
sons, use exactly 5 cc. of 2 iV sulfuric acid, in order to have the 
proper acidity for the development of the molybdenum blue color. 
If less than this quantity of acid is used, the blank may itself be 
reduced. If more than this quantity of acid is used, the develop­
ment of the blue complex will be delayed.

L im ita tio n s  o f  A rsin e -M o ly b d en u m  B lu e  M eth o d

In  general, the procedure for checking this m ethod was the 
following:

A standard solution of arsenious oxide was prepared as directed 
above and was standardized against standard potassium bromate 
solution. An aliquot of the standard arsenious oxide solution was 
then diluted to an appropriate volume, such as 5 cc. to 1 liter, 
yielding a solution which contained 1.5 micrograms of arsenic 
trioxide per cc. Gutzeit generators were prepared as directed by 
the A. O. A. C. (1). To each generator were added an aliquot of 
the diluted standard arsenious oxide solution and sufficient dis­
tilled water to make a total volume of 30 cc. From this point, 
the method as outlined was followed. Comparisons were made 
against standards in 25-cc. Nessler tubes. A few comparisons 
were made with a Duboscq colorimeter. Further comparisons 
with the Duboscq colorimeter were not made because the plung­
ers often induced the release of gas bubbles.

C o m p l e t e n e s s  o f  T r a p p in g  A r s in e . In  trapping gases by 
absorbing solutions in absorbers, incomplete recovery often 
results (11, 14). To overcome this difficulty, m ultiple ab­
sorbers are often used. However, if an absorbing medium  is 
provided in which the gaseous substance undergoes a  rapid 
chemical reaction to  form a  nonvolatile substance, complete 
recovery in one absorber is possible. The ra te  of flow of gas 
and the type of absorber are also im portant factors in  the de­
gree of recovery.

Using a G utzeit generator, a scrubbing type of trap, and 
sodium hypobromite as the absorbing solution, i t  was possible 
to trap  arsine completely in  one absorber. All preliminary 
experiments were run using two traps in series. No arsenic 
was found in any of the second traps; hence, the second trap  
was discarded in making the other tests.

The completeness of trapping of arsine by sodium hypo­
brom ite solution was in m arked contrast to  the incomplete­
ness shown by the use of bromine water, potassium persulfate 
solution, peroxide solutions, and other oxidizing agents. In ­
deed, in  the case of bromine water, more arsine was found in 
the second trap , a t  times, than  in the first absorber.

R ec o v e r y . Since the trapping of arsine in this m ethod is 
complete, one would expect the recovery to  be 100 per cent. 
This, however, depends also on the completeness of generation 
of arsine. The authors found th a t w ithin the lim its of experi­
mental error of this m ethod—th a t is, the ability  to  estim ate
1.5 micrograms of arsenic trioxide—recovery is 100 per cent. 
In  addition to  the use of te s t solutions w ith no interferences, 
known am ounts of arsenious oxide of the order of 15 micro­
grams were added to orange juice which was then subjected 
to  an acid digestion. Orange juice was used because i t  gave 
a practically zero blank. Recovery was complete in these in­
stances, also.

S e n s it iv it y . Accurate estim ation of arsenious oxide con­
te n t by  this m ethod can be made down to am ounts of the 
order of 1.5 micrograms. A t this concentration— th a t is, 1.5 
micrograms in 25 cc. of comparison solution—the color of the 
test solution is a greenish blue. Lower concentrations of 
arsenic can be detected, for faint greenish-blue tin ts  are de­
veloped, b u t these cannot be accurately estim ated. This in-
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dicates th a t the arsine-m olybdenum  blue m ethod is far more 
sensitive than  the official G utzeit method, for which 25 micro­
grams is considered the optim um  concentration.

Amounts of the order of 50 micrograms are too deep to 
compare accurately by  the arsine-m olybdenum  blue method 
using visual means. Schricker and Dawson (28) sta te  th a t the 
lim it of applicability of Beer’s law for the molybdenum blue 
reaction is approxim ately 75 micrograms of arsenic and 30 
micrograms of phosphorus. I t  is not desirable to work with 
such large amounts.

I n t e r f e r e n c e s  (10). Phosphorus and silicon form com­
plex molybdates. The use of the G utzeit generation in the 
arsine-molybdenum blue method is designed to eliminate 
these interferences. High concentrations of antim ony inter­
fere in the G utzeit determination. A series of experiments 
was run to check on the interference of phosphorus, silicon, 
and antim ony. Known am ounts of antim ony trichloride, 
disodium hydrogen phosphate, and sodium silicate were added 
to  known am ounts of arsenious oxide, of the order of 30 micro­
grams, in the G utzeit generator before making a test. No 
appreciable interference was noted.

T a b l e  I .  C o m p a r a t i v e  D e t e r m i n a t i o n s

Official G u tze it A rsin e-M olybd en u m
M ethod B lu e M ethod

Sam ple A liq u ot ^ ^\q203 r AjlOi/ l l K J U O l -

Micro- M icro­
Cc. grams P .  p. m. Cc. gr ams0 P. p. Vi

C ann ed  clam s 10 7 . 5  0 . 7 5 10 0 .0 0 .6
20 1 2 .0  0 .6 0

A v . 0.G S

C anned clam s 10 5 .5  0 .5 5 10 4 .5 0 .4 5
20 8 .5  0 .4 3

A v. 0 .4 9

A pple butter 10 1 2 .0  1 .2 10 1 2 .0 1 .2
20 2 2 .0  1.1

A v. 1 .1 5

n N earest standard , run in dup licate.

E f f e c t  o f  C o n c e n t r a t i o n  o f  R e a g e n t s .  The effect of 
the reagents used in the G utzeit test itself has been covered 
in the literature. The concentrations and volumes of the 
reagents used in the variation of the molybdenum blue 
m ethod used by the authors m ust be rigidly observed, if cor­
rect results are to be obtained.

Too concentrated solutions of bromine w ater used for the 
formation of sodium hypobromite solution prevent the re­
action from proceeding properly. The use of solutions of hy­
drazine sulfate stronger than  th a t recommended—namely, 
half-saturation—m ay cause a reduction of the blank. W eaker 
solutions of hydrazine sulfate m ay cause no reduction a t  all or 
reduction only after long standing. The correct acid concen­
tration  is m ost im portant. If insufficient acid is present, the 
blank is reduced by the hydrazine sulfate w ith the formation 
of a blue color; on the other hand, too much acid will inhibit 
the formation of the blue complex in the test solutions.

By keeping the concentrations and volumes of the reagents 
as specified, the ionic strength of the test and standard  com­
parison solutions is kept practically the same. This tends to 
make the color comparisons more accurate.

T i m e  o f  C o m p a r i s o n .  The colors are not fully developed 
until perm itted to stand half an hour. A t first, greenish tin ts 
m ay predom inate over the blue and there m ay be an apparent 
nonuniform ity of shade. The waiting period provides for 
color stabilization. The color remains relatively stable for a t 
least one hour after the half-hour period.

C om p arison  w ith  O fficia l G u tz e it  T e s t
To find the degree of correlation between the arsine-m olyb­

denum  blue m ethod and the official G utzeit test, determ ina­
tions were m ade by both m ethods on products which con­
tained small am ounts of arsenic (Table I). No arsenic tr i­

oxide was added. One hundred grams each of two samples of 
canned clams and one of apple bu tte r were prepared for ar­
senic determ inations by means of acid digestions. The wet 
ash was made up to  100 cc. The official G utzeit determ ina­
tions were made by one chemist, while the arsine-m olyb­
denum blue determ inations were made by another, each 
working independently.

S u m m a ry

The combined arsine generation and molybdenum blue 
method for the m icrodeterm ination of arsenic is simple and 
convenient. I t  is more sensitive than the official G utzeit test, 
for accurate determ inations of as little as 1.5 micrograms of 
arsenious oxide can be made.

Its advantages are evident. I t  makes use of skills and re­
agents th a t are well known and combines them  into a suitable 
framework. The apparatus is inexpensive and is available in 
practically every laboratory. The reagents are simple to 
prepare and last almost indefinitely. The relative hazard 
involved in an arsine generation as compared w ith a hydro­
chloric acid-arsenious chloride distillation is in the favor of 
the arsine generation, for while only a m inute am ount of ar­
sine is ever generated, relatively large quantities of hydro­
chloric acid are distilled. While the tim e of generation is 
com paratively long in comparison with a  hydrochloric acid 
distillation of arsenic trichloride, i t  is difficult to  run multiple 
arsenious chloride distillations, whereas m ultiple arsine- 
molybdenum blue determ inations can be run in banks similar 
to ordinary G utzeit estimations.
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Orthonitrosophenol as a New Reagent 
in Colorimetric Analysis

Determ ination o f  Cobalt

G E O K G  C R O N H E IM 1 

N ew  Y ork  S ta te  R esea rch  I n s t i t u t e ,  S a ra to g a  S p a , S a ra to g a  S p r in g s , N . V.

Or t h o n i t r o s o p h e n o l  and some of its m etal salts
were prepared and described for the first tim e by Bau- 

disch and co-workers (S, 4). These m etal salts are typical 
organic inner-complex compounds and therefore are usually 
highly colored. Baudisch m entioned as early as 1912 th a t 
the formation of the red-violet, water-soluble copper complex 
constituted one of the m ost sensitive qualitative reactions for 
cupric ions. However, this work was no t followed up until 
recently, when Baudisch discovered new and very simple 
methods for preparing o-nitrosophenol, its homologs, and 
derivatives (1, 2), based upon the formation of the radical 
NOH which reacts under suitable conditions w ith  m any aro­
matic compounds to form the corresponding o-nitrosophenols. 
The details of this w ork will be reported elsewhere.

A study of the m etal complexes of about seventy o-nitroso- 
phenol compounds revealed certain rules governing their 
formation and properties, which convinced the author th a t 
th e , o-nitrosophenols can be of great value in analytical 
chemistry.

o-Nitrosophenol forms, in weak acid solutions, strongly 
colored complex salts w ith several heavy m etal ions. Those 
of cobalt (grayish brown), palladium  (green), and trivalent 
iron (brown) are distinguished from all the others in th a t they 
are easily soluble in petroleum ether and can thus be separated 
from the original w ater solution.

The other group consists mainly of divalent copper, and 
mercury (reddish violet), nickel (red), zinc (red), and divalent 
iron (green). All these m etal salts are soluble in w ater or 
certain organic solvents, such as ether, depending upon the 
conditions under which they are formed, b u t all are insoluble 
in petroleum ether.

The color of all the above complexes is stable for a t  least 
several hours, and is so intense th a t m ost of the ions can be 
easily detected in concentrations of one p art in ten million. 
Therefore, it seemed wTorth while to  investigate the usefulness 
of these new compounds for colorimetric analysis.

Preliminary experiments proved th a t the affinity of o-nitro­
sophenol for the above-mentioned m etal ions is very strong. 
I t  is sufficient to shake a  solution of o-nitrosophenol in a sol­
vent, immiscible w ith water, for a few seconds with a solution 
of the m etal ions in w ater to form the organic m etal complex 
quantitatively. The color intensity  of the solutions thus 
obtained is completely reproducible and, within the lim its of 
solubility, proportional to the concentrations of the metal.

Unfortunately, because the author had no opportunity  to 
measure the extinction coefficient for the colored solutions, it 
was impossible to  determ ine exactly to  w hat extent the colored 
system conforms stric tly  to Beer’s law. However, as is shown 
in this paper, the system is entirely suitable for use in a photo­
electric colorimeter.

Based on these observations, a colorimetric determ ination 
of cobalt has been worked out, in which the solution of the 
cobalt salt in w ater is shaken with a solution of o-nitrosophenol 
in petroleum ether. After the two liquids have separated,

1 Present address, T h e G . F . H arvey  C om p an y , Saratoga Springs, N.

the color intensity  of the petroleum ether is measured in a 
colorimeter.

There are very few lim itations to the use of this method. 
The m ost im portant is th a t acids whose cobalt salts are in­
soluble a t  pH  4 m ust not be present (phosphoric acid, oxalic 
acid, and others). Of the complex cobalt compounds, only 
the potassium cobaltic chloride has been investigated and 
qualitatively it  showed the same reactions as the simple co- 
baltous ions.

According to a private communication from G. H. Ellis, 
U. S. P lant, Soil and N utrition  Laboratory, Ithaca, N . Y., 
phosphates present in soil analysis do not interfere in the co­
balt determ ination with o-nitrosophenol.

Palladium  will no t be considered further, since it  is seldom 
present in a cobalt determ ination. However, since the color 
of the grayish-brown cobalt compound is quite different from 
th a t of the green palladium compound, the determ ination 
m ight be carried out w ith the help of suitable color filters. 
The theoretical considerations for the colorimetric analysis 
of a two-component color system are given by Knudson, 
Meloche, and Juday  (5).

The interference of ferric salts can be eliminated in three 
ways. The surest of these is to  precipitate the iron from an 
acid solution w ith cupferron, ex tract the excess cupferron 
with chloroform or ether, and remove the remaining organic 
solvent w ith warm air. A second way is to reduce the triva­
lent iron quantitatively  to  the divalent sta te  w ith isoascorbic 
acid. However, since difficulties are frequently encountered 
in this reduction procedure, it has not been worked out in 
detail. The third possibility consists of the formation of 
complex ferric compounds, so th a t the concentration of free 
ferric ions is negligible. This m ethod is the simplest and in 
most cases yields satisfactory results. However, i n ' the 
presence of a large excess of iron, the cobalt value m ay be 
somewhat high, probably because the binding of the iron in 
the complex is not strong enough to  exclude entirely its re­
actions with o-nitrosophenol.

In  using o-nitrosophenol for colorimetric determ ination, the 
m aintenance of the proper pH  is im portant. The strongest 
color intensity for a given cobalt concentration is obtained a t 
pH of 3.8 to  4.4. Therefore a pH  of about 4.0 m ust be as­
sured by use of a suitable buffer solution, which a t  the same 
time should form a complex compound w ith trivalen t iron 
w ithout affecting the sta te  of the cobalt ions.

A mixture of sodium citrate and citric acid, m ade by  dis­
solving 2.1 grams of citric acid in 88.5 ml. of w ater and adding
11.5 ml. of N  sodium hydroxide, has been found to  be the 
m ost suitable buffer solution. The pH  of the m ixture is 4.0.

A buffer made of tartaric  acid and sodium hydroxide m ay 
also be used. Phosphate or oxalate buffers are not suitable 
because they form insoluble cobalt salts. An acetate buffer 
is no t recommended, since its iron complex is n o t strong 
enough to prevent reaction of the iron with o-nitrosophenol.

The preparation of o-nitrosophenol is described by  Bau­
disch (1, 2). Since it can be prepared and is stable only in 
solution, the proper concentration cannot be given in per cent
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0 .8 1.6 2A
m g . C o b a l t  p e t -  100 m l.

F i g u r e  1 . C a l i b r a t i o n  C u r v e  f o r  C o b a l t  D e t e r ­
m i n a t i o n

A bsorption — d eflection  on  “ ab sorption ” sca le of colorim eter

values bu t m ust be controlled by the following tests, which 
should be made a t  regular intervals:

1. After shaking 1 ml. of the o-nitrosophenol solution with 
5 ml. of copper sulfate solution (1 per cent) in a test tube, the pe­
troleum ether layer should be absolutely colorless (test for 
purity).

2. After shaking 2 ml. of the o-nitrosophenol solution with 5 
ml. of copper sulfate solution (10 mg. of copper sulfate pentahy- 
drate in 1-liter of distilled water) the water solution should be 
violet while the petroleum ether layer should remain yellowish 
green (test for sufficient concentration).

The solution of o-nitrosophenol in petroleum ether is stable 
for 2 to  3 weeks if kep t in a refrigerator.

P roced u re
The solution of the cobalt salt is neutralized, if necessary 

(spot test with methyl orange or bromophenol blue), and diluted 
so tha t it contains not more than 1.5 mg. of cobalt in 100 ml. 
Ten milliliters of this solution are poured into a small separatory 
funnel, 5 ml. of the citrate buffer and 2 ml. of o-nitrosophenol in 
petroleum ether are added, and the mixture is shaken vigorously 
for 15 to 20 seconds. After standing for a short time, the brown 
petroleum ether layer is separated from the water solution and 
put into a glass-stoppered flask graduated a t 12 ml. This pro­
cedure is repeated twice with 2 ml. of o-nitrosophenol solution 
each time. Then the water solution is washed twice with 2 ml. 
of pure petroleum ether, the washings are added to  the brown 
cobalt extraction, and the whole mixture is diluted with petroleum 
ether to a volume of 12 ml. This solution is then placed in the 10- 
ml. cell of the colorimeter and the determination is made in the 
usual manner.

In some instances, as, for example, in spectrophotometric an­
alysis, when it is necessary to remove the excess o-nitrosophenol, 
the solution of the cobalt complex in petroleum ether is shaken 
repeatedly with a very dilute solution (0.01 per cent) of copper 
sulfate until the latter no longer shows the formation of the red- 
violet copper complex.

Figure 1 shows the d a ta  obtained by using a  photoelectric 
colorimeter (Pfaltz & Bauer, New York, N . Y .), following the 
above procedure. The curve is nearly a straigh t line. This 
means th a t the proposed m ethod is entirely suitable for the 
colorimetric determ ination of cobalt, even w ith  polychro­
m atic light.

Furtherm ore, by means of this curve it  is possible to  deter­
mine the maximum error and the sensitivity of the proposed 
m ethod. W hen a  storage ba tte ry  is used w ith the colorimeter, 
the fluctuations of the galvanometer are n o t greater than  one- 
ten th  scale division, and it  is considered th a t  the readings are 
m ade w ith an  accuracy of one-quarter scale division. (This is 
far from being the lim it; for an  experienced worker, i t  is not 
difficult to  estim ate one-tenth scale division.) This corre­
sponds to  2 micrograms of cobalt in 10 ml. Taking a  reading

from 25 to 30 w ith a corresponding cobalt content of about 
200 micrograms in 10 ml. as m ost suitable, the maximum error 
in the determ ination is not greater than  1 per cent.

The sensitivity of the m ethod can be calculated in a similar 
manner. The lowest lim it for which a satisfactory reading 
can be m ade is two scale divisions, which corresponds to  an 
absolute cobalt content of 12 micrograms in 10 ml. of petrol­
eum ether. By using a larger cell i t  is possible to  s ta r t w ith 
50 ml. instead of 10 ml. of the original cobalt solution. Thus 
the cobalt in a solution containing as little as 12 micrograms 
in 50 ml. m ay be determined.

All the foregoing experiments and calculations were made 
with the so-called normal sensitivity of the colorimeter. By 
changing the resistance in the photoelectric circuit the sensi­
tiv ity  of the instrum ent m ay be increased ten times. Accord­
ingly a deflection of the galvanometer of two scale divisions 
would be obtained by one ten th  of the above cobalt concen­
tration. However, in consideration of the increased possi­
bility of error, i t  is safer to  take a galvanometer deflection of 
four scale divisions as the minimum. This means the smallest 
am ount of cobalt wrhich can be determined by the described 
m ethod is about 5 micrograms or about 8 X 10 ~s mole of 
cobalt in 50 ml.

The values in Figure 1, upon which all these calculations 
are based, were obtained w ith a pure cobalt solution. In  the 
presence of other heavy m etals which form the water-soluble 
complex compounds, the m ethod is essentially the same. One 
has only to  consider th a t p a rt of the o-nitrosophenol will be 
used by  ions other than  cobalt and therefore the am ount of 
o-nitrosophenol has to be increased.

The only interfering ion of practical im portance is trivalent 
iron, which m ay be eliminated by the use of a citrate buffer 
solution. The results of the determ ination of cobalt in the 
presence of ferric salts are given in Table I. I t  appears tha t 
the am ount of ferric salts present, even if 25 times th a t of 
cobalt, is of little  importance, provided a sufficient am ount of 
buffer solution is present.

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

C obalt Buffer F e  + + * C obalt
T ak en S olution A dded Found

Mg. Ml. Mg. Mo.
0 .1 2 0 1 - 0 .1 2 0
0 .1 2 0 1 1 0 .1 2 6
0 .1 2 0 2 1 0 .1 2 2
0 .1 2 0 3 1 0 .1 2 9
0 .1 2 0 5 1 0 .1 2 3
0 .1 2 0 5 3 0 .1 2 3

D aylight and strong artificial light should be excluded, 
because under their influence the ferric ions are reduced in the 
presence of o-nitrosophenol to ferrous ions. The la tte r form 
w ith o-nitrosophenol the green water-soluble ferrous complex 
salts, thus consuming a p a r t of the o-nitrosophenol.

S u m m a ry

o-Nitrosophenol as a  new reagent in colorimetric analysis 
offers m any possibilities for the estim ation of small amounts 
of cobalt, palladium, iron, copper, mercury, and nickel.

In  the first application, o-nitrosophenol is used for the 
quantita tive estim ation of small am ounts of cobalt. I t  is 
possible to  estim ate 5 micrograms of cobalt in 50 ml. with an 
error no t exceeding 1 per cent.

The only interfering metals are trivalen t iron and palladium. 
The interference of trivalen t iron is elim inated by forming 
complex iron compounds which do not react w ith o-nitroso­
phenol. The interference of palladium  can be removed by 
the use of suitable color filters.

«
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Determ ination o f D ivalent Iron

G E O R G  C R O N H E IM 1 a n d  W IL L IA M  W IN K  
New  Y ork  S tu tc  R esea rch  I n s t i tu te ,  S a ra to g a  S p a , S a ra to g a  S p r in g s , N . Y.

IN A previous paper (S), o-nitrosophenol was introduced 
as a new reagent in quantita tive colorimetric analysis. 

I t  forms strongly colored inner-complex compounds w ith a 
number of m etal ions, and the different m etal complexes are 
distinguished by  their color and their solubility in different 
solvents. The m ost im portan t m etals of the water-soluble 
group are divalent iron, copper, mercury, and nickel. The 
complexes of these and other m etals are red or reddish violet 
with the exception of divalent iron, which is grass-green 
colored. No other m etal forms a  green, water-soluble com­
plex w ith o-nitrosophenol.

Based on this characteristic property, the authors have 
worked out a quantita tive estim ation of small am ounts of 
divalent iron. Prelim inary experiments (3) showed th a t the 
reaction between o-nitrosophenol and ferrous ions is, in every 
respect, suitable for a colorimetric determ ination of this 
metal. The new m ethod makes use of a reagent dissolved in 
a  water-immiscible organic solvent, a feature not yet common 
in colorimetric work. The affinity of the divalent iron for 
o-nitrosophenol is so strong th a t upon shaking the two solu­
tions—i. e., the ferrous salt in w ater and the organic solvent— 
the complex green iron sa lt is formed immediately and quan­
titatively.

The use of a water-immiscible solvent for the reagent has a 
very im portant advantage. Since free o-nitrosophenol in an 
organic solvent is yellowish green, it can be seen directly 
whether or not the reagent has been used in excess, as should 
always be the case. If  the solution of the free o-nitrosophenol 
becomes colorless after shaking w ith the ferrous sa lt solution, 
it is a t  once apparent th a t more reagent should be added.

In using this m ethod the solution of the ferrous salt in 
water is shaken w ith  a solution of o-nitrosophenol in petroleum 
ether, whereupon the w ater solution becomes deep green, and 
after the two liquids have been separated the green water 
solution is measured in a colorimeter in the usual manner. 
Petroleum ether is preferred as the solvent for the o-nitroso­
phenol because of the characteristic solubilities of the m etal 
salts of o-nitrosophenol (3).

These characteristic solubilities account for the fact th a t by 
this method only the divalent iron is determined. Ferric ions 
too react w ith o-nitrosophenol, forming a brown-colored com­
plex compound. However, the reaction between ferric ions 
and o-nitrosophenol is no t quantita tive and the ferric complex 
is easily soluble in petroleum  ether and thus extracted from 
the water solution of the green ferrous complex.

The method can be used for the estim ation of ferric ions 
after the la tte r have been reduced to the divalent sta te  by 
means of isoascorbic acid. A description of this procedure 
will be published soon by  Baudisch.

The green ferrous complex is stable for a t  least 24 hours in 
the absence of very strong oxidizing agents or of very  strong 
light.

1 Present address, T h e  G . F . H arvey  C om pan y, Saratoga Springs, N . Y .

The intensity of the green color formed is always reproduc­
ible and is in proportion to the concentration of ferrous ions 
originally present (curve 1, Figure 1). U nfortunately, the 
authors did no t have the facilities to  determine the range in 
which the colored system conforms strictly  to  Beer’s law.

F i g u r e  1 . C a l i b r a t i o n  C u r v e  f o r  D e t e r m i n a t i o n  o f  
F e r r o u s  I o n s

A bsorption  *» d eflection  on th e  “ ab sorption ” sca le o f colorim eter  
1, obtained  w ith  o-nitrosophenol; 2, w ith  cr.a'-b ipyrid ine

The m aintenance of the proper pH  is of greatest im portance 
in all colorimetric work w ith o-nitrosophenol. In  the case of 
its water-soluble compounds, a low pH  prevents th e  quanti­
ta tive formation of the complex, owing to  dissociation. If 
the pH  is too high, a  m ixture of two compounds is formed 
whose general formula can be w ritten as N —Me— R  (I) and 
N —Me—N  (II), where N  represents the o-nitrosophenol 
group. These twro compounds differ in their color and solu­
bility. I  is soluble only in water, while I I  is soluble in certain 
organic solvents like ether, b u t insoluble in petroleum  ether.

For the determ ination of divalent iron the m ost suitable pH  
range is from 5.1 to  5.3.

The preparation of o-nitrosophenol is described by  Baudisch 
{1,2). Since it  can be prepared and is stable only in solution, 
the proper concentration of the reagent m ust be controlled 
by  tests {3), which should be m ade a t  regular intervals. The 
solution of o-nitrosophenol in petroleum  ether is stable for 
2 to  3 weeks if kept in a  refrigerator.

P roced u re
The solution of the ferrous salt is nearly neutralized (spot test 

with methyl orange or bromophenol blue) and diluted so tha t it 
contains not more than 1 microgram of ferrous iron per ml. In a 
separatory funnel exactly 50 ml. of this solution are mixed with 
exactly 5 ml. of an acetate buffer solution of pH 5.2. After 5 ml. 
of o-nitrosophenol solution are added, the mixture is shaken 
vigorously from 15 to 20 seconds and then allowed to separate. 
The petroleum ether is removed as well as possible by means of a 
pipet with a rubber bulb and the green water solution is shaken 
with a second 5-ml. portion of o-nitrosophenol solution. After
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the two liquids have separated, the petroleum ether should still 
be yellowish green because of an excess of free o-nitrosophenol. 
The green water solution is filtered through a paper filter directly 
from the separatory funnel into the 30-mm. cell of the color­
imeter. The filtration helps to clear the water solution completely 
from the last droplets of petroleum ether and prevents the forma­
tion of bubbles which might cling to the cell walls and so influ­
ence the results.

Curve 1, Figure 1, shows the value obtained w ith  the so- 
called absorption scale of a photoelectric colorimeter (a modi­
fied Lange photoelectric colorimeter m anufactured by Pfaltz 
& Bauer, Inc., New York, N. Y.) using a pure ferrous chloride 
solution. The light source was a  6-volt incandescent bulb 
and no light filter was used. Therefore, the values in the 
curve do not represent the true absorption.

By means of this curve it is possible to determine the maxi­
mum error and the sensitivity of the proposed m ethod. When 
using a storage ba tte ry  the fluctuations of the galvanometer 
are no t greater than one-tenth scale division, and the readings 
are made w ith an accuracy of one-quarter scale division (for 
an experienced worker it is n o t difficult to  estim ate one-tenth 
scale division), which corresponds to  0.3 microgram of iron in 
50 ml. For an iron solution containing about 50 micrograms 
of iron in 50 ml. this means th a t the maximum error in the 
determ ination is no t greater than  0.5 per cent.

The sensitivity of the m ethod can be calculated in a  similar 
manner. The lowest lim it for which a satisfactory reading 
can be made is two scale divisions above the zero point of the 
curve, corresponding to  about 2 micrograms of ferrous ion in 
50 ml. of solution.

All the foregoing experiments and calculations were made 
w ith the so-called normal sensitivity of the colorimeter bu t 
by changing the resistance in the photoelectric circuit, one can 
increase the sensitivity of the instrum ent ten times (8). The 
smallest am ount of ferrous ion which can be determined by 
the described m ethod is about 0.5 microgram in 50 ml.—i. e.,
1 part in 100 million. (All measurem ents were made with a 
regular incandescent bulb. The use of monochromic light of 
a suitable wave length will increase the sensitivity still more.)

The calculations indicate th a t the new m ethod w ith o-nitroso­
phenol is one of the m ost sensitive for the quantita tive de­
term ination of ferrous ions. An experimental proof is given 
in Figure 1 by curve 2 which was obtained w ith a ,a '-  bipyri­
dine instead of o-nitrosophenol. A comparison of the two 
curves shows th a t under the present experimental conditions 
the new m ethod is a t least three times as sensitive as the bi­
pyridine method. (C ontrary to  the literature, a ,a '-  bipyri­
dine forms strongly colored red complex compounds with 
titanium  salts. The authors m ade this observation when
S. E . Ashley of the General Electric Company, Pittsfield, 
Mass., called their a ttention  to  th e  fact th a t titanium  salts 
react in a similar manner w ith o-phenanthroline.)

The lim itations for the new m ethod are few. The most 
im portant is the necessity of having the divalent iron present 
in the ionic state . This means th a t complex-forming com­
pounds such as phosphoric acid, oxalic acid, and others 
should not be present. T rivalent iron, cobalt, and palladium 
do not interfere because their o-nitrosophenol salts are soluble 
in petroleum ether and therefore will be shaken out during 
the reaction, bu t as these metals will bind a p art of the free 
o-nitrosophenol the am ount of the la tte r has to be increased 
accordingly. In  the presence of trivalent iron strong light 
m ust be excluded, because under its influence the trivalent.

iron will be reduced to a certain extent by o-nitrosophenol and 
thus cause too high results.

Of the other heavy metals known to form water-soluble 
colored complex compounds w ith o-nitrosophenol, m ost im­
portan t are copper, nickel, mercury, and zinc, because their 
color is so strong th a t they are detectable in concentrations 
as low as 10 ~7 to 10 " 8 molar. However, the nitrosophenol 
complexes of these and other less im portant m etals are all red 
or reddish violet in color. In  their presence, divalent iron 
can be determined by the use of suitable color filters. The 
theoretical considerations for the colorimetric analysis of a 
two-component color system are given by Knudson, Meloche, 
and Juday  (4).

Alkali and alkaline earth salts do not interfere w ith the 
determ ination of divalent iron because their o-nitrosophenol 
salts are formed only a t  a pH  above 7.

The described m ethod has been applied to the determ ina­
tion of iron in natural Saratoga mineral waters, which are 
solutions of bicarbonates of alkalies and alkaline earths, to­
gether w ith an excess of free carbon dioxide. The iron is 
present only in the divalent state . Because of the bicarbon­
ate content of these waters, the proper pH  can be attained 
by adding only acetic acid. Owing to the high sensitivity of 
this method, the w aters had to be diluted in some cases in the 
ratio of 1 to 25. Table I  shows some of the results obtained.

To dem onstrate the accuracy of the new method, the iron 
content of Lincoln w ater was determined gravimetrically, 
using cupferron as precipitating agent (Table I). The differ­
ence between the two m ethods does not exceed 1 per cent.

T a b l f , I .  D e t e r m i n a t i o n  o p  I k o n  i n  N a t u r a l  M i n e r a l

W a t e r s

Spring C olorim etric G ravim etric
M g . / l . M g . / l .

L in coln 0 12 .1 5 1 2 .2 0
L incoln0 15 .4 5 15 .5 5
G eyser 2 .2 2
C oesa 2 .3 3 ,..
H ath orn  N o . 2 5 .4 0

a T w o  sam ples tak en  a t severa l d a y s ’ in terva l.

S u m m a r y

A new m ethod for the colorimetric estim ation of divalent 
iron is based on the reaction of divalent iron w ith o-nitroso­
phenol, yielding a green inner-complex salt.

The m ethod is one of the most sensitive colorimetric deter­
m inations for this m etal, since 0.5 microgram in 50 ml. of 
solution can be estim ated. T rivalent iron, cobalt, and palla­
dium do no t interfere. Copper, nickel, and m ercury form 
red or reddish-violet compounds w ith  the reagent. A com­
parison w ith a gravim etric determ ination of iron showed a 
very close agreement.
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S l o m i n  E l e c t r o l y t i c  A n a l y z e r .  F o r  r a p i d  

a n a l y s i s  o f  m e t a l l u r g i c a l  p r o d u c t s .  S e l f  

c o n t a i n e d — p o r t a b l e — e c o n o m i c a l .  L i t e r a ­

t u r e  o n  r e q u e s t .

M i c r o  a n d  s e m i - m i c r o  C e n t r i f u g e s .  S a f e  

— n o  e x t e r n a l  m o v i n g  p a r t s .  S p e e d s  3 3  0 0  

t o  4 4 0 0  r . p . m .  C o m p l e t e  p r e c i p i t a t i o n  i n  

3 0  t o  1 2 0  s e c o n d s .  P r i c e s  $ 2 8 . 5 0  t o  $ 3 4 . 0 0 .

H e y r o v s k y  P o l a r o g r a p h  A m e r i c a n  

M o d e l  X I .  B o o k l e t  d e s c r i b i n g  t h i s  i n s t r u ­

m e n t  a n d  p r i n c i p l e s  o f  p o l a r o g r a p h i c  

a n a l y s i s ,  a n d  a  b i b l i o g r a p h y  o f  m o r e  t h a n  

7 0 0  p a p e r s  a r e  a v a i l a b l e  o n  r e q u e s t .

S a r g e n t  B o t t l e  I n c l i n a t o r .  A  c o n ­

v e n i e n t  a n d  s a f e  m e t h o d  o f  d i s p e n s ­

i n g  a c i d s .  N o .  S - 9 6 2 0 .  P r i c e  $ 1 . 5 0 .

S a r g e n t  E l e c t r o l y t i c  A n a l y z e r  f o r  h i g h  s p e e d  e l e c t r o l y t i c  

a n a l y s i s .  H e a v y  d u t y ,  M a g n e t i c  S t i r r i n g ,  W a t e r  C o o l e d .  
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S a r g e n t  B a l a n c e  L a m p .  S o f t  f l u o ­

r e s c e n t  i l l u m i n a t i o n  o n  a l l  p a r t s  o f  

b a l a n c e .  N o .  S - 3 8 2 0 .  P r i c e  $ 1 1 . 5 0 .

M e c h a n i z e d  F i l t r a t i o n .  A c t i n g  i n  r o b o t ­
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N o .  S - 3 3 4 0 0 .  P r i c e  $ 6 4 . 0 0 .

S a r g e n t  C o n t i n u o u s  I n d i c a t i n g  W e t  a n d  

D r y  B u l b  M o t o r  V e n t i l a t e d  H y g r o m e t e r .

R e a d i n g s  a r e  m a d e  w i t h  n o  m a n i p u l a t i o n .  

N o .  S - 4 2 6 0 5 .  P r i c e  $ 5 0 . 0 0 .

S a r g e n t  F l u o r e s c e n t  T i t r a t i o n  I l l u m i n a ­

t o r .  S u p p l i e s  s o f t ,  g l a r e l e s s ,  i n d i r e c t  f l u o ­

r e s c e n t  i l l u m i n a t i o n  o f  c o r r e c t  c o l o r  c h a r ­

a c t e r i s t i c s .  N o .  S - 4 4 2 9 0 .  P r i c e  $ 1 3 . 0 0 .
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F o r  ctching and frosting clcctric light bulbs 
and other glass products, for cleaning stainless steels, 
as an aid in straw bleaching processes, and for many 
other industrial jjurposes, hydrofluoric acid possesses 
m any advantages.

Particularly valuable to  the industrial user is the 
high grade, iron-free hydrofluoric acid produced by 
Pennsylvania Salt M anufacturing Company, who pur­
chased the facilities of Sterling Products Company, 
Easton, Pa., some time ago.

M eeting the m ost exacting requirements, this hydro­
fluoric acid is available in five strengths for domestic 
users—30%, 48%, 52%, 60% and 80%. Also, for export, 
there is supplied 71-75% acid. Shipment of hydrofluoric 
acid is in rubber drums for strengths under 60%. Stronger 
grades of the acid are packed in steel containers.

For complete information applicable to  your specific 
problems, write to  Pennsylvania 
Salt M anufacturing Co., Widener 
Building, Philadelphia, Pa.

P E N
NM A

1000 WIDENER BUILDING, PHILADELPHIA
N ew York • Chicago • St. Louis • Pittsburgh • W yandotte • Tacoma

Manometers,

Meters, and Gauges 
for the accurate

measurement of Pressures, Vacuums and Flows of Liquids and Gases.

Meriam
Clean-Out

U-Type
Manometer

IMPORTANTexperimental work in the 

laboratory calls for frequent meas­

urement of pressure, vacuum and dif­

ferential pressure of liquids and gases.

Instruments for this purpose sh o u ld  

b e  rugged;  they m ust b e  accurate.

MOST WIDELY USED in such 
work are Meriam Manometers— 
U-Type,Well-Type, Draft Gauges 
and Indicating Flow Meters. With 
their Pyrex glass tubes and rugged 
housings—no levers, gears, dia­
phragms, etc.—they are extremely 
durable, accurate, and give years 
of service with little attention.

Clean-O ut U-Type Manometers

A wing nut permits the Manom­
eter body and tube to be discon­
n ected  from  the h ead , tubes  
cleaned w ith brush furnished, 

nd in stru m en t rea ssem b led  
without disconnecting top head 
section from piping. The fluid 
can be changed at w ill. For line 
pressures up to 100 lbs. per sq. 
in. It can be furnished in the 

stand style, as shown, or 
without mounting for connection 
directly to the piping. Complete 
specifications upon request.

W rite us fully about 
your problem so that 
we may give you com ­
plete information. Ask 
for C-10 Catalog.
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D u rin g  its m any years of glass making, Corning Glass Works has developed more 

than 25,000 glass formulae. More than 250 different formulae are used in daily 

production.

Of all these formulae, none is more im portant to the laboratory than  the formula 

used for Pyrex brand Chemical Glass No. 774. For the development of this glass 

not only made America independent of foreign sources for heat-resistant laboratory 

ware, it did far more.

In  1915, for the first lime, America had a Balanced Glass whose properties— 

mechanical and thermal strength and chemical resistance—were scientifically bal­
anced for maximum laboratory usefulness, and economy through long life. I ts  

balance gives to "Pyrex” Laboratory Glassware the im portant qualities that make 

it the all-around glassware for all-around laboratory use.

When you buy laboratory ware, economize! Benefit from Balance! Standardize 

on Pyrex brand Laboratory Glassware. Your regular laboratory supply dealer can 

furnish any of the thousands of items listed in Catalog LP21.

BRANDPYREX 
LABORATORY WARE ' Q ü

" P Y R E X "  and  “ V Y C O R "  a re  reg iste red  

trade-m arks and indicate m anufacture b y

CORNING GLASS WORKS
CO R N IN G , N. Y .
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AMERICAN CHEMICAL SOCIETY MONOGRAPHS
For Today's Problems

ORGANIC CHEMISTRY
Organic Derivatives of Antimony— by W alter G.

Christiansen. $ 3.50
Glycerol and the Glycols— by Jam es W. Lawrie, 

Ph.D . 7.25
Nucleic Acids— by P. A. Levene and Lawrence W.

Bass. 4.50
The Catalytic Oxidation of Organic Compounds in the 
Vapor P h ase— by L. F. M arek and D orothy A: H ahn, 

Ph.D . 9.00
Carotinoids and R elated P igm ents: The Chromo-
lipoids— by Leroy S. Palm er, Ph.D . 4.50
The Ring Index— by Austin M. Patterson  and Leonard 

T . Capell. 8.00
Organic Arsenical Com pounds— by George W. Raiziss, 

Ph.D . and Joseph L. Gavron, B.S. 6.75
The M echanism  of Hom ogeneous Organic Reactions 
from the Physical Chemical S tandpoint— by Francis 

Owen Rice. 3.75
Anhydrous Aluminum Chloride in Organic C hem istry— 

by Charles A. Thomas. 15.00
The Reactions of P u re  H ydrocarbons— by G ustav 

Egloff. 16.75
Physical Constants of H ydrocarbons— by G ustav 

Egloff.
Volume I, Paraffins, Olefins, Acetylenes, and O ther 

Aliphatic Hydrocarbons. 9.00
Volume II , Cyclanes, Cyclenes, Cyclynes, and O ther 

Alicyclic Hydrocarbons. 12.00
Pyrolysis of Carbon Com pounds— by Charles D ew itt 

Hurd. 9.50
Chemical Refining of Petroleum , 2nd E d .— by Vladimir 

A. Kalichevsky and B ert Allen Stagner, Ph.D . 
Ready soon.

M odern M ethods of Refining Lubricating O ils— by 
Vladimir A. Kalichevsky. 6.00

Isom erization of P u re  H ydrocarbons— by G ustav 
Egloff, V. Komarewsky, and George Hulla. Ready
soon.

INORGANIC CHEMISTRY
Diatomaceous E arth — by R obert Calvert. $ 4.00 
Fixed N itrogen— Edited  by H arry  A. Curtis. 12.00 
Equilibria in Saturated  Salt Solutions— by W. C.

Blasdale. 3.50
Sulfuric Acid M anufacture— by Andrew M . Fairlie.

9.75
Nitrogen System of Com pounds— by Edw ard Curtis 

Franklin. 7.50
M anufacture of Soda, 2nd E d .— by Te-Pang Hou.

9.50
Solubility of Non-Electrolytes, 2nd E d .— by Joel H .

H ildebrand. 4.50
Hydrochloric Acid and Sodium Sulfate— by N . A.

Laury. _ 3.00
The Properties of G lass— by George W. M orey. 12.50 
Carbon Dioxide— by E lton L. Quinn and Charles L. 

Jones. 7.50

The Properties of S ilica— by R obert B. Sosman. 9.50 
The Industrial Development of Searles Lake Brines, 
with Equilibrium D a ta— by John E. Teeple, Ph.D .

2.25
Soluble Silicates in Industry— by Jam es G. Vail. 7.25

BIOLOGY AND MEDICINE
Electrokinetic Phenom ena and Their Application to 
Biology and M edicine— by H arold A. Abramson, M.D.

$ 7.50
T he Animal as a  Converter of M atter and Energy— 

by H enry P. Arm sby and C. R obert M oulton. 3.50 
Photodynam ic Action and D iseases Caused by L ight— 

by H arold Francis Blum, Ph.D . 6.00
The Development of Physiological Chem istry in  the 
United S ta te s— by Russell H . Chittenden. 4.50
Surface Equilibria of Biological and Organic Colloids— 

by P. Lecomte D u Nouy. 3.50
The Chem istry of Enzyme Actions, 2nd E d .— by K.

George Falk. 3.75
The Chem istry of N atural Products R elated to Phen- 
anthrene, 2nd E d .— by L. F. Fieser. 7.00
Thyroxine— by Edw ard C. Kendall, M.S., Ph.D.,

D.Sc. 4.25
The Physiological Effects of R adiant E nergy— by 

H enry Laurens, Ph.D . 6.00
Therapeutic Agents of the Quinoline G roup— by W. F.

Von Oettingen, M .D ., Ph.D . 6.00
T he Vitamins, 2nd E d .— by H. C. Sherman and S. L.

Smith. 6.00
M ineral M etabolism — by A. T . Shohl. 5.00
Colloid Chem istry— by T hé Svedberg. 4.25
The Chemical Aspects of Im m unity, 2nd Ed. — by H. 

Gideon Wells, Ph.D ., M .D . 4.50

PHYSICS
Phenom ena at the T em perature of Liquid H elium — 

by E. F. B urton, H. Grayson Sm ith, and J. O. 
Wilhelm. S 6.00

Properties of Ordinary W ater-S ubstance— compiled by 
N . E rnest Dorsey, Physicist. 15.00

T he Ram an Effect and Its  Chemical Applications— 
by Jam es H . H ibben. 11.00

T he Kinetics of Hom ogeneous Gas R eactions— by 
Louis S. Kassel, Ph.D . 6.50

Photochem ical P rocesses— by George B. Kistiakow- 
sky. 4.25

The Chemical Effects of Alpha Particles and  Electrons, 
2nd E d .— by Samuel C. Lind, P h .D . 3.75
The Photochem istry of G ases— by W illiam Albert 

Noyes, Jr. and Philip Albert Leighton. 10.00 
M olecular R earrangem ents— by C. W. Porter. 3.00 
T he M odern Calorim eter— by W alter P. W hite, Ph.D.

3.00
T he S tructure of Crystals, 2nd E d .— by R alph W. G.

Wyckoff. 7.50
T he S tructure of Crystals, Supplem ent Volume II 

by R alph W. G. Wyckoff. 6.00

Send for copy “ L E T 'S  LOOK I T  U P”  containing detailed description of Table of Contents of nearly 200 titles.

REINHOLD PUBLISHING CORPORATION, 330 W. 42nd Street, New York, N. Y.
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The A m e r i c a n  P la t in u m  W o r k ,
N J  R H. A VC.  AT O L I V E R  ST.

N e w a r k . N . J .
tST- ( /g v ) '»75

1 0 0  M L  P L A T I N U M  W A T E R  A N A L Y S I S  D I S H  — 20 G R A M S  — A C T U A L  S I Z E  — F I G  5 I N  O U R  C A T A L O G  E 1 7

MAGNI-FOCUSER
L U M E T R O N
Photoelectric COLORIMETER and FLUORESCENCE METER

A h igh  precision instrum ent of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

M od. 402EF lo r d e te rm in a tio n  of Vit. Bi a n d  Bi
Also

Reflection Meters Electronic Vit. A  Meters
Clinical Colorimeters Electronic Photometers
Foot-Candle Meters Electronic Interval Timers

Barrier-Layer Photocells

Write lo r Literature. Prom pt D elivery.

P H O T O V O L T  C O R P .
95 Madison A v e .

PRICE $8.50 inu.s.a.
S o ld  a n d  D is tr ib u te d  T h r o u g h

NEW YORK L ABORAT ORY  S O P P L Y  CO.
525 B ro a d w a y , N e w  Y o rk , N . Y .

BINOCULAR EYE-SHADE

W ill im prove vision, 
s p e e d  production  an d  
redu ce lo s t m otion in 

your w o rk !

A N  E Y E  A ID  . . .  .

F O R  E V E R Y  T R A D E

Some Outstanding Advantages
•L enses Ground from Best Optical Glass Obtainable
•Prismatic Lenses Reduce Eye Strain
•M ade to Suit Anyone's Eyes
•Reduces Production Costs
•A  Time Saver for All Trades
•Binocular Design G ives Third Dimension Vision
•Free from Distortion —  Better Vision
•No Unequal Refraction of Light Rays
•Clear Vision— No "Color Fringe"
•Safety Features Protect Eyes
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SPEED

A C C U R A C Y

S E N S IT IV IT Y

D E P E N D A B IL IT Y

Especially designed to accelerate 

routine control work in the de­

termination of vitamins and min­

erals without sacrificing estab­

lished standards of accuracy.

A  universal control instrument 

to accommodate all fluorometric, 

colorimetric and nephelometric 

determinations.

Literature on request.

Pfaltz & B auer, Inc.
E M P I R E  S T A T E  B U I L D I N G ,  N E W  Y O R K

W h e r e  t h e  
standard types 
of Fenwal Ther- 
m o s w i t c h e s  
d o n ' t  f i l l  th e  
b i l l ,  we o f fe r  
the services of 
our engineering 
s ta ff  to design "S p e c ia ls "  such as the represen­
tative examples above, designed to meet partic­
ular needs. Compact, rugged, precise, the Fenwal 
Thermoswitch is adaptable to many heat control 
problems. M ay we Have an opportunity to work 
on yours?
F E A T U R E S - R c n g e - 5 0 °  to 4 0 0 °F . 1 /1 0 °  D iffe re n tia l. D e fin ite  vibro- 
tion less b re a k . P ractica lly  no Therm al la g . Rating 10 A m p . 115V ., 
5 A m p . 2 3 0 V ., also Jum bo 25  A m p. size a va ila b le .

J )o tA  V < ^ M x A d jb Ö ^

/D A T E '  °n

Sheldon W ood and Metal Laboratory Furniture, 
new chem ical and fume resisting materials and 
finishes, improved service accessories and safety 
features all com bine to "date" laboratory facilities 
of a few years ago as obsolete. For increased 
efficiency and plant prestige, keep your laboratory 
in step with the times. A Sheldon Engineer is near 
you to assist in planning your new laboratory.

E. H. SHELDON & CO.
Muskegon 718 Nims Street M ichigan

T H E  NEW

P  R E C I S I O N  B R O A D S C O P E

M O D E L  C



K l e t t . . . .
Photometers

lU K L ü
tf-lu o sU n te t& i

Klett M an u fa c tu r in g  Co.
179 E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N.  Y.
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r
T I O N

N o. 2071

D e s i g n e d  f o r  t h e  
rap id  a n d  a c cu ra te  
d e t e r m i n a t i o n  of  
th ia m in , r ib oflav in , a n d  o th e r  su b s ta n c e s  w h ic h  
flu oresce  in  s o lu t io n . T h e  s e n s it iv i ty  a n d  s t a ­
b il ity  are s u c h  t h a t  i t  h a s  b e e n  fo u n d  p a r t ic u ­
lar ly  u s e fu l  in  d e te r m in in g  very  s m a ll  a m o u n ts  
o f th e se  su b s ta n c e s .

T o fu r th e r  in c re a se  i t s  a d a p ta b ility  a  sep a ra te  
c ir c u it  a n d  sc a le  is  p rov id ed  for  c o lo r im e tr ic  
d e te r m in a tio n s .

L IT E R A T U R E  SE N T U PO N  R EQ U EST

Turn the ONE knob of the Universal Spectrophotometer 
. . .  no need for expensive SETS of filter glasses . . .  for 
selection of sharply cut wave band required . . .  for 
ANY colorimetric determination!

. . . and, the band is always CENTERED at the exact 
point desired. Only with a Spectrophotometer may one 
determine the spectral band required . . . through 
absorption curves . . . made in 15 minutes!

( lu x f fe d ,?

Phosphorus determinations are being done 20 feet from 
the mouth of the furnace . . .  at Youngstown Sheet [& 
Tube plant in Indiana Harbor . . . surely proof that the 
Universal Spectrophotometer operates perfectly under 
the most adverse plant conditions!

u le s iA ?
U niv. of A labam a 
A lien  L abora to ries 
A llied  M ills, Inc.
A m erican  C an  Co.
A m er. M eat Institu te  
U niv . of A rkansas 
A rm our & C o. (2)
T he A rn e r Co.
A rno ld  E ng in . Co.
B eech-N ut P ack ing  C o 
T he B orden Co.
B righam  Y oung U niv.
U niv . of C h ic ag o  (4)
C h ic ag o  Q .M  D epot 
C hoco la te  P rod . Co.
C o n tin en ta l C an  Co.
C orn  P rod. Ref. Co.
C ornell U n iversity  
D uPont d e  N em ours 
E astern  S tates C oop . M illing  

C orp .
T he F airm ont C rea m ery  Co. 
F ish &  W ild life  Serv .
G e rb e r  P rod . Co.
U . S . Food & D rug A dm .
U niv . of Illino is  
K enyon  C ollege  
K raft C h ee se  C orp .
L iqu id  C arb o n ic  Co.
S . W . L ou isiana Inst.
Loyola U niversity  (2)

M adison Bd. of H ealth  
M aple Leaf M illing  Co.
M iles L abo ra to ries  
M in neapo lis  B rew ing  Co. 
U niv. oz M inneso ta  (2)
John  M orre ll & Co.
U niv . of N eb raska  (2)
O h io  A gr. Exp. S ta.
O k la . A.&M. C o llege  
P abst B rew ing  C o. (2)
St. P rocop iu s C o llege  
P u b lic  S e rv ic e  111. (2)
U niv . of P uerto  Rico 
Q u a k e r  O ats  Co.
E. A . S ieb e l & Co.
H. N. S im pson  Co.
S. Dak. S ta te  C o llege  
S tan d a rd  O il Co. of C alif. 
S tan d a rd  O il Co. of La.
S u g a r  C ree k  C rea m ery  C o.
U. S. S tand . P rod . Co.
V ico P ro d u c ts  Co.
V iob in  C orp .
H iram  W a lk e r & Sons 
T he W a n d e r  Co.
E rw in  W asey  Co.
U. S. W a r D ept.
W e ste rn  C o n d en s in g  Co. 
W ilson  & Co.
U niv . of W isco n sin  (5) 
Y oungstow n S h ee t & T ube Co.

ßnice?
A cost of $351.75 includes all accessories to take advan- 
tage of simple TEST TUBE technic. Special cuvettes 
are necessary only in rare instances BUT may be added  
if required later. That is why w e call it the UNI-V, VERSAL!

K .U £ t-£ u m m e A A x M t

P lto to e le cb U c

Q la ii C e ll 

G olosU m et& i

For th e  varied  n e e d s  o f in d u s tr ia l,  c lin ic a l  
a n d  a g r ic u ltu r a l la b o r a to r ie s . C o m p le te  
a n d  s e lf  c o n ta in e d  —  n o  a c ce sso r y  e q u ip ­
m e n t  n e c essa ry . F u se d  c e l ls  fo r  r ea d in g s  
o n  s o lu t io n  d e p th s  o f  2 .5 , 10, 20, a n d  40 m m .  
S e le c t iv e  l ig h t  filters  a v a ila b le .

★
\ 'W 'U te . fo r b u lle tin  IE515 d e ­
s c r ib in g  th e  U n iv ersa l S pec tropho ­
tom eter, m e n tio n in g  b es t p rio rity  
ra t in g  ava ilab le!

★

No. 900-3



paratus has ample stocks to serv­
ice your normal demands; any 
abnormal requirements can be 
supplied from reserve stocks in 
New York.

Should you experience the 
slightest difficulty in obtaining 
WHATMAN promptly, please 
write direct to us.

Samples cheerfully supplied,

H. REEVE ANGEL & CO., INC 
7-11 Spruce St., New York, N.Y
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A g  a i n  W e  

R e p e a t  .  . .

WHATMAN Filter Papers are 
available in practically unlimited 
quantities for immediate ship­
ment.

Your dealer in Laboratory Ap-

N o w !  A

Above— with Hand Homogenizer 

Below— with mortar and pestle

H O M O G E N I Z E ! ) !
. . . Save Time 
and Materials

For liquid batches o f  1 to  10 oz. 
M erely pour m ixture in to  bowl 

nnd press hand-lcvcr. H om ogenizes instantly  
—  each stroke o f  hand-lever ejects a jo t  o f  com ­
pletely em ulsified liquid. Provides perm anent 
suspension for em ulsions —  no failures, if  in ­
gredient ratio is sound. In photos a t  le ft, note 
lino degree o f dispersion secured (above) com ­
pared to coarseness o f sam e m ixture emulsified 
w ith m ortar and pestle (below ).

H undreds o f laboratories use the H and H om o- 
genizer because i t  saves tim e, avoid s m aterial 
w aste. Portable, easy to operate and clean, 
strongly b u ilt o f  molded alum inum , w ith sta in ­
less steel p iston. 10l/ j  in . high, 12 oz. bowl. 
Only $6.50 com p lete— order direct or from your 
laboratory supply  house (satisfaction guaran­
teed) — or w rite for further details.

International Emulsifiers, Inc.
Dept. C-19, 2409 Surrey Court, Chicago, III.HAND HOMOGENIZED

Constant Voltage
. . . u n d is to r te d !
SOLA Constant Voltage Trans­
formers are famous for low dis­
tortion . . . N ow  available in 
units that deliver an almost Per­
fect Siiie Wave . . .  A regulated 
source o f Constant Voltage, free 
from harmonic distortion . . .  A 
fina l solution to  your voltage 
regulation problems.

SOLA E L E C T R IC  CO.
2525 C L Y B O U U N  A V E., C H IC A G O



P A R R  I N S T R U M E N T S

I N S T R U M E N T
COMPANY • Moline, 111.

QUALITYIF  YOU ARE 
LOOKING FOR'

LABORATORY FURNITUREPA R R  
O X Y G E N  BOM B 
C A L O R IM E TE R

For d e te r m in in g  th e  h e a t  
o f c o m b u s t io n  o f a n y  so lid  
or liq u id  m a te r ia l t h a t  can  
be c o m p le te ly  b u rn ed  in  a n  
oxy g en  c o m b u s t io n  b o m b , 
in c lu d in g  c o a ls , p e tr o le u m  
p r o d u cts , fo o d s tu ffs , or­
g a n ic  c o m p o u n d s  a n d  n u ­
m e ro u s o th e r  ca rb o n a ceo u s  
m a te r ia ls . T h is  a p p a ra tu s  
is  a v a ila b le  w ith  e ith e r  th e  
s in g le  va lve m a n u a lly  se a led  
b o m b  or th e  d o u b le  valve  
se lf  se a lin g  b o m b . T h e  
ja c k e t is  o f  th e  c o n s ta n t  
te m p e r a tu r e  ty p e , u t i l iz in g  
a d ea d  a ir  sp a ce  to  o b ta in  its  
h ig h  in s u la t in g  e ffic ie n c y .  
A ccu ra cy  is  w e ll w ith in  th e  
p e r m iss ib le  to le r a n c e  sp e c i­
fied for s ta n d a rd  ca lor ific  
te s ts .

W rite  fo r  n e w  b u l le t in  E -63; or 
g e t  y o u r  co p y  fr o m  a n y  a u th o r ­
ize d  d ea ler  in  Parr A p p a ra tu s.

RmERICnnqU H UjTH -Worldwide standard
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Coors Porcelain Com pany
GOLDEN, COLORADO

INDUSTRIAL 
LA B O R A TO R Y  TA BLE 6610

e 0 * u ii< U  PETERSON 4 u i i l
Yes, for m ore than  half a century, Peterson 
Laboratory Furniture has been  giving outstand­
ing  satisfaction. O u r staff of experts will, upon 
request, g ladly assist in the p lann ing  of more 
efficient laboratory arrangem ent. There is no 
charge for this service.

{ S en d  today  for P e te rso n 's  F u rn itu re  C ata log , c o n ta in in g  in fo rm ation  T 
on  th e  e ffic ien t a n d  eco n o m ica l in sta lla tio n  of la bo ra to ry  fu rn itu re , j

L E O N A R D  P E T E R S O N  & C 0 . ,  Inc.
1222-34 FU LLERTO N  AVE. CH ICAG O , U .S .A .

F o r  M i c r o  a n d  S e m i - M i c r o  A n a l y s i s

Powerful brushless type motor for con­
tinuous o p e ra tio n * Four tube cap ac ity *  
Either horizontal or angle sedimentation 
•  M echanical brake for rapid s to p p in g * 
Steel guard b o w l— sturdy base —  rubber 
suction fe e t*  Finished in dark gray crackle.

N o . 1936  M icro  Centrifuge, complete. 
For 110  vo lt, 60  cyc le  A .  C . o n ly , $2 9 .0 0

WITH THE NEW

O n ie te iG iio M G l

MICRO
C E N T R I F U G E

S C H A A R  & C O M P A N Y
Complete Laboratory Equipment 

754  WEST LEXINGTON ST., CHICAGO
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Rapid, Accurate, 
Versatile

R an ge, 200 to 1000 m m u .

THE  NE W B E C K M A N

Q U A R T Z  S P E C T R O P H O T O M E T E R
This new  Beckm an Spectrophotom eter is a precision instrum ent, entirely self-contained with a 
unique electronic circuit for rap id  m easurem ent of percen tage Transmission and  Density. It 
consists of a quartz m onochrom ator with a light source, sam ple holder and  phototubes. The 
w avelength scale is g raduated  from 200 to 2000 millimicrons. In terchangeab le light sources 
enable m easurem ents from 200 mmu. in  the ultraviolet to 1000 mmu. in  the infrared.

The Beckman Spectrophotom eter is rem arkably versatile and  m eets the widely varying req u ire ­
ments of research  and  control work with no sacrifice in accuracy  or convenience.

Complete descriptive literature 

with current prices will be sent 

on request.

WILL C O R P O R A T I O N ,  R O C H E S T E R ,  N E W  Y O R K

L A B O R A T O R Y  A P P A R A T U S  A N D  C H E M I C A L S

9+iacduciJUe P toiectlo+ t
Jj&i tf-aae gmA

with the N ew
FACE cmA  E Y E

(A pp roved  by Underwriters Laboratories)
'W

•  CLEAR CELLULOSE PLASTIC •  NON-FLAM M ABLE
•  A L L  AROUND VENTILATION •  CAN BE WORN OVER GLASSES
•  NO BINDING •  NO TIGHTNESS

•  UNIQUE LIFTING DEVICE
Lightweight construction, utmost comfort, complete protection, front, sides, chin^ and neck. 
Extra high forehead for spark protection ~ ~ ~

1 0 "  X 1 0

of the w ay , when not in use.
Positive Pull up Device —  lifts and holds shield out 

Fog resistant, no side glare, non-pitting.

Sanitary, easily washed, 
no sweatbands to buy.

Q u ick  attaching sweatband device . Holds cloth, paper, or K leenex —

o n ly
WARNING BY NATIONAL SAFETY COUNCIL
"W ear face and eye shields!”  —  some causes of e ye , face 
injuries and infections; (1 ) Explosions of apparatus or 
materials (2 ) Flying particles of metal, glass, hot sparks, etc. 
(3 ) Splashing of droplets of chemicals (4 ) Burns or bacterial 
infections (5 ) Chemical and other solids blown into eyes by 
drafts.

$ 1  50
each  

P e r  D ozen $15.00

T H E  C H E M IC A L  R U B B E R  CO M PA NY
2310 S u p e r io r  A ve. E . C le v e la n d , O h io

Laboratory Apparatus • Chemicals • Rubber Goods • Handbook of Chemistry and Physics

RAISED
M ASK

POSITION

C A TA LO G  
NO . 10015

PULL
CORD


