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R E S E A R C H  . . .
G AVE REBIRTHTO THE RUBBER INDUSTRY

Synthetic rubber and the prom ise o f  additional natural rubber play a dual role in the 
oncom ing, around-the-clock operation  o f rubber factories.

And in this speed-up peace program , the chemist has a real ally in Baker’s Analyzed 
C. P. Chemicals and Acids, low in sulphur derivatives. For the am ount o f  sulphur present 
in vulcanized rubber or in various com pounding agents is one o f m any im portan t tests.

T here are several Baker’s Analyzed C. P. Reagents th a t have extrem ely low  indexes 
o f sulphur im purities—C.P. Barium Chloride, Potassium Chlorate, Bromine, M ineral 
Acids and Eschka’s M ixture. M oreover, this low  sulphur con ten t is plainly set forth  
on the label—<2« actual analysis o f the lot. T his is vitally im portan t to  chemists when 
m ethods m ust quickly yield an accurate, dependable evaluation.

T he fact th a t you know  the limits o f vital im purities in your laboratory  reagents, 
and know  them  in advance to  the decimal, is im p o rtan t in contro lling  the quality 
o f any product.

W e urge you to  ask your favorite chemical d istributor for quotations on Baker’s 
Analyzed C.P. Chemicals and Acids. Regardless o f w here you may be located there 
is a Baker d istribu tor ready and eager to  serve you prom ptly.

J. T. B ak er Chem ical Co., Executive Offices and Plant: Phillipsburg,
N .J .  Branch Offices: N ew  Y ork , P h ilad e lp h ia , Boston and  Chicago.

P u rity  d e f in e d  — n o t ' 
"m ax im u m  lim it*"- but 
th e  d e c im a l  by actual 
a n a lys is .T h at's  the  *tor 
the B a k e r ’s A n alyzed  I
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M E E T  M E T A L I U R G I S T ’ S N E E D S

Now you can select a metallurgical 
microscope th a t exactly fits your needs, 
and in addition provides the m echan­
ical advantages for which Spencer 
Microscopes have long been famous.

For these new instrum ents offer a wide 
choice of equipm ent and m any o u t­
standing features for convenience and 
speed in operation:

r literature describing the new Spencer Metallurgical 
Microscopes in detail, write dept. B-48 today.

American O ptical
COMPANY

Scientific Instrum ent Division
Buffalo 15, New York

#  V A RIET Y  O F  E Q U IP M E N T
for teach ing , ro u tin e  ex am in atio n , and 
research  . . . eleven s ta n d a rd  com binations 
of stages, op tics, illum inato rs, an d  bod y  
tu b es (fixed or a d ju s tab le  m onocu lar and  
inclined or v e rtica l b inocular).

•  W ID E R A N G E  A D JU S T A B L E  S T A G E
has b o th  slide and  rack  an d  p in ion  a d ju s t­
m en ts to  h an d le  unu su a lly  large  o r sm all 
specim ens.

«  b r i l l i a n t , u n i f o r m  i l l u m i n a t i o n

from  a new ly designed vertica l illum inato r 
th a t  is sim ple to opera te , s tu rd y  and  a l­
w ays cool enough to handle . I t  h as a u n ique  
coated  reflector for m axim um  efficiency 
. . . bu ilt-in  in ten sity  con tro l . . . qu ick  
change nosepiece.

•  LA RG E, ST U R D Y , R E S E A R C II-T Y P E  STA ND  
w ith  m icrom eter screw fine a d ju s tm e n t 
. . . in te rchangeab le  body  tubes . . . g roov­
ed b earin g  surfaces for long wear.



H E V I  D U T Y  E L E C T R I C  C O M P A N Y
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9  For over thirty years MULTIPLE UNIT  
Electric Laboratory Furnaces have played 
an active part in industrial scientific 
research. They are standard in most 
laboratories. See your laboratory supply 
dealer or send for descriptive bulletins.

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

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



MERCK
Reagent Chemicals

M any tons of glass of various types are in  daily use th roughout the  M erck 
plant a t Rahway, N . J. M any chemical processes are possible only because 
the glass chem ist has m ade available the  m any kinds of glass necessary for 
the success of such operations.

Regardless of type — lime soda glass, lead-containing glasses, chemical 
glassware, or optical glass—the glass chemist is called upon to  devise 
formulas for batches, and to  tes t raw m aterials as well as finished products.

To a large degree, he also m ust control durability, therm al expansion, 
elasticity, tensile strength, and m any other physical properties.

We are proud th a t  the exacting glass chemist uses M erck Analytical 
R eagents in m aking his rigid tests and analyses because, like the  glass he 
has provided for our use, they  are of highest quality  and dependability.

ACID HYDROFLUORIC 
Merck Reagent

C onform s to  A. C. S. Specifications 
A ssay: M in im u m  47%  H F  

M a x i m u m  I m p u r i t i e s

N on-volatile...................................... 0.003 %
Chloride (C l).................................... 0.003 %
Fluosilicic acid (H zSiFe)...............0.25 %
Sulfate (SO4) .................................... 0.005 %
Sulfite (S 0 2) ......................................0.005 %
H eavy m etals (as P b ) ....................0.0005%
Iron (F e )............................................0.0005%

ACID PERCHLORIC 70% 
Merck Reagent

C onform s to  A. C . S. Specifications 
M a x i m u m  I m p u r i t i e s

N on-volatile...................................... 0.005 %
Chloride (C l).................................... 0.001 %
Fluorine (F ) ...................................... 0.0001%
Nitrogen compounds (as N ) . . . .  0.003 %
Sulfate (SO4) .................................... 0.005 %
Ammonia (N H 3) ............................. 0.001 %
Iron (F e ) ........................................... 0.0008%
Lead (Pb) by P ith izone . .n o t detectable

M E R C K  & CO., Inc.  d ía n tifío c fa k itu f RAH WAY,  N . J .
N ew  Y ork, N . Y . • P h ilade lph ia , P a . • S t. Louis, M o. • E lk to n , Va. • C hicago, 111. • L os A ngeles, Calif. 

In  C a n a d a :  M E R C K  & CO ., L td ., M on trea l, T o ro n to , V alleyfield.

Som e o f  the M erck  
R eagen ts used b y  

G lass C hem ists
SODIUM CARBONATE ANHYDROUS 

Merck Reagent
C onform s to  A. C. S. Specifications

M a x i m u m  I m p u r i t i e s

Insoluble........................................... 0.010 %
M oisture ........................................... L0 %
Chloride (C l)...................................0.003 %
Ammonium compounds (as N). .0.001 %
Phosphate (PO4) ............................0.001 %
NH-iOH precip ita te ...................... 0.010 %
Silica (S1O2) .................................... 0.005 %
Sulfur compounds (as SO4)  0.003 %
Aluminum (AI).............................. 0.002 %
Arsenic (As).................................... 0.0001 %
Calcium and Magnesium precip .0.015 %
H eavy m etals (as P b ) ..................0.0005%
Iron (F e )......................................... 0.0005%
Potassium  (K )................................0.02 %

POTASSIUM CARBONATE ANHYDROUS 
Merck Reagent

C onform s to  A. C. S. Specifications 
M a x i m u m  I m p u r i t i e s

Insoluble........................................... 0.010 %
M oisture........................................... 1*0 %
Chloride and Chlorate (as Cl).. .0.003 % 
Nitrogen compounds (as N ) . . . .  0.001 %
Phosphate (PO-i)............................ 0.002 %
Sulfur compounds (as SO4)  0.004 %
N H 4OH precipitate and Silica. .0.01 %
Silica (Si02 ) ..................................... 0.005 %
Arsenic (As)......................................0.0000%
Calcium & Magnesium precip. . 0.01 %
H eavy m etals (as P b ) ................... 0.0005%
Iron (F e )............................................0.0005%
Sodium (Na) (flame te s t) . .  ab t. 0.02 %

February, 1946 A N A L Y T I C A L  E D I T I O N
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THE METALLURGICAL AND 
CHEMICAL INDUSTRIES

A detailed  description o f  the Q u an to m eter  is now  available fo r  d is tr ibution . Your inquiries are invited.

m ent. F or these industries the Q u an to m e te r elim inates 
the labora to ry  bo ttleneck  an d  thus allows a substan tia l 
speed u p  in  p ro d u c tio n  a n d  a large overall im provem ent 
in q ua lity  contro l.

D I R E C T  R E A D I N G  C U T S  T IM E
Basically the m ethod  utilizes the tim e-tested procedures 
o f  spectro chem istry w here in  a spark  is passed to  the 
sam ple to  be analyzed, an d  th e  lig h t p roduced  is d is­
persed in to  a spectrum  by m eans o f  a d iffracting  m edium . 
H ow ever, th e  Q u an to m e te r does n o t p h o to g rap h  the 
spectrum . Instead , a line  for each e lem en t to be  de­
te rm ined  is selected from  the spectrum  an d  its energy 
is m easured  by m eans o f m u ltip lie r  pho to tu b es w hich 
convert the ligh t received d irectly  in to  elec trical energy. 
By u tiliz ing  an in te rn a l s tan d a rd  an d  an  in teg ra tin g  
c ircu it in  co n ju n c tio n  w ith  recorders, each o f  w hich  is 
ca lib ra ted  d irectly  in  the percen tage  com position  o f the 
e lem en t it m easures, d irec t read ing  is achieved.

H IG H  P R E C I S I O N
By the e lim in a tio n  o f  one  o f the ch ie f variables in  
spectrography—th e  ph o to g rap h ic  em ulsion—a n d  by the 
ad d itio n  o f  m eans for rap id  ca lib ra tio n , the Q u an to ­
m eter provides h igh  precision  an d  reliab ility . T h e  p res­
e n t p ro d u c tio n  in strum en ts , developed  and  tested  over 
a p e riod  o f  th ree years, are finished products in  every 
de ta il, an d  a re  now  ready to  perform  th e ir  w onders 
for industry .

S H A R R Y  W .  D I E T E R T  C O .
4336 SAN FERNANDO RD., GLENDALE 4 , CALIF. 9330 ROSELAWN AVE., DETROIT 4, MICH.

E L E V E N  E L E M E N T S  IN O N E  M IN U T E
A direc t-read ing  m eth o d  o f spectrochem ical analysis 
is now  available, u tiliz ing  a g ro u p  o f new  in s trum en ts  
term ed the “Q u an to m e te r.” W ith  these in strum en ts , a 
sam ple can be analyzed q u an tita tiv e ly  for as m any  as 
eleven elem ents in  one  m in u te  or less.

1 his m eans th a t the  d ream  o f  m any an  analyst an d  
m etallu rg ist has finally com e true, w here in  analysis can 
lead an d  con tro l th e  exact com p o u n d in g  an d  refin ing  
o f an  alloy a t every' stage in  the  process. In  the com peti­
tive postw ar w orld, w hich dem ands com plex alloys 
held  to close tolerances an d  to  low er costs, m eta l p ro ­
ducers can only  m eet this challenge by be in g  ab le  to 
p roduce  every h ea t exactly  accord ing  to specification 
an d  in  less tim e than  a t presen t.

H U G E  S A V I N G S  P O S S I B L E
T h e  Q u an to m ete r m akes th is possible by perfo rm ing  
the analysis o f  a sam ple for a g ro u p  o f  elem ents in  one 
o p era tio n , an d  d o ing  it m uch  faster th a n  has here to fo re  
been possible by any m eans. T h is  results in  large savings 
by the e lim ina tion  o f  hea t rejections, by red u c tio n  o f 
fu rnace tim e necessary to  p roduce  alloys, an d  by obv ia t­
in g  m any con tro l costs. In  fact, in a h ighly  com petitive 
m arket, such savings m ay rep resen t the difference be­
tw een a profit an d  a loss in  overall opera tions.

Exactly the same factors ap p ly  in  m any o th e r indus­
tries w here analy tical con tro l is the all im p o rta n t ele-



The V is ib l e  G u a r a n te e  o f  I n v i s i b l e  Q u a l i t y
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23003 BACTERIOLOGY
BREWER ANAEROBIC CULTURE DISH COVER. 
Used with a solid medium containing a reducing 
agent. Makes possible the cultivation of anaerobes 
and micro-aerophiles, in  the smallest hospital or 
mobile laboratory. Requires no anaerobe jars or 
seals. Each S0-70

16040 FERTILIZER
KJELDAHL CONNECTING BULB, Cylindrical, 
with two curved tips inside the bulb, new design with 
drainage bole at seal.

Diam eter 
o f bulb 

mm.
45
55

L e n g th  
o f  b u lb  

m m . 
100 
120

E a c h

s i .io
1.20

28005-ST ESSENTIAL OILS
IODINE FLASK. Made of K im ble Resistant glass. 
250 ml. size is required in A.S.T.M. Method D29-40 
for shellac (W ijs M ethod); 500 ml. size is used in 
A.S.T.M. Method D555-39 (Hanus M ethod).

Capacity
m l.
125
250
500

Quantity 
in Case 

24 
24 
24

Each
S0.90

1.00
1.10

1 Case 
S19.44 

21.60 
23.76

16005-ST METALLURGY
FLEMING - M ARTIN ABSORPTION BULB, two 
bulb style, with $  joints, for absorption of C 0 2 in 
determ ination of carbon in steel by direct combus­
tion. Each $4.00

Co n su lt le a d in g  la b o ra to ry  S u p p ly  H ouses throughout 
the U nited  S ta tes an d  C b n a d a  for K im b le  lab o ra to ry^  
G la s s w a re  to m eet Y O U R  n ee d s.

Visit our Booth 342-343 at the Exposition of 
Chemical Industries1 /Vcm> York , Feb. 25 to Mar. 4 /
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Mallinckrodt Street, St. Louis 7, Mo.
72 Gold Street, New York 8, N. Y.

Chicago • Ph ilade lph ia • Los Angeles ■ M ontreal

WHEN YOU USE MALLINCKRODT ANALYTICAL REAGENTS, 
you  n eed  n o t check  th e ir  u n ifo rm  d e p e n d a b le  purity .

Y ou c a n  be sure  of tb a t  every tim e y ou  buy . S e n d  

for tbe  M allin ck ro d t A n a ly t ic a l  R e a g e n t  ca ta lo g  

to g e th er  witK a n y  specific in fo rm a tio n  d es ired  on  M a l­

linck rod t chem ica ls  to fit y o u r  spec ia lized  opera tions .

A lw a y s Specify  Reagents In M an u factu rers O riginal Packages

Uniform •' Dependable  • Purity
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RAY C O N TR O L
/Îv tv M M C V tC C Û  t& C

M A N

« é

/ i f i e n t c v i e

AN  INSTRUMENT CO M BIN ING  

SPEED AND  GOOD  
POWER

Bulletin ava ilab le  upon  request.

This spectrograph is designed prim arily 

for use in Raman spectroscopy. However, be­

cause of its high luminosity, it is equally well 

suited for work in the fields of phosphores­

cence and fluorescence in the visib le region. 

Future incorporation of electronic equipment 

for direct intensity measurements has been 

anticipated in the present design.

The dispersing system consists of three 

exceptionally large , extra-dense flint prisms 

of excellent optical quality. The collimating

lens is a cemented achrom at, especia lly  cor­

rected fo r spherical aberration . The out­

standing feature of this spectrograph is the 

photographic cam era . This is of the reflecting 

cam era type with a correcting meniscus, and 

it works at an aperture of f / 3 .5 .  The front 

aluminized spherical mirror has been pro­

tected so that cleaning w ill not harm it. 

A  specia l film holder has been constructed, 

which eclipses only 1 0 %  of the light trav­

ersing the prism system.

Theoretica l Cam era Defin ition  
(sm allest circle  o f con fusion). 3/ jl

Spectra l Reg ion . 

Length o f Spectrum Ï

Reso lving Power.

4000-6500 A units 

93 mm

{ .5 A in the v io le t 

1.5  A in the g reen

RAY CONTROL COM PANY
9 7 5  E A S T  G R E E N  S T R E E T  P A S A D E N A  1, C A L I F O R N I A



B. F. Goodrich Chemical Company
h a s  a v a i l a b l e  f o r  s a l e  t h e s e  o r g a n i c  c h e m i c a l s

12 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. 18, No. 2

Purity 92%  ;  . , • • • • • • • • • • • • • • * * * * * * * *

 .................    Ethyl a n d  Dimethyl c t í s— ^
.........................  — n o , — i •  Mercaptothiazoles c h , -  C  - s

«  A v a i l a b l e  in comm«

) C S H

-  ,  -  S
A v a i l a b l e  1-  c o m m e r c i a l

N-Nitroso Diphenyl Amine \  • ^ a, y C i  >  c  5 H
« — ■■—  :  —  Ä S -Ä  » - c - .

poril'y 97%  :  m ercaptotbiacoles................................ • • • • • • *

  ............................................

q I O ' O  j  Mixed Aliphatic Thiazyl % -  c ~ s  J i

Diphenyl p PhenyleneBiemine ;  Dl^ £  1

' " ? ? •  :  - T S r  h - J - 5 7  - U
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J

For od,iit!onal inform ation p lease  w rite  B. F. Goodrich Chemical Com pany, D epartm ent CA-2,  Rose Building, Cleveland 1 5 , Ohio.

B. F. Goodrich Chemical Company «„ss;u..
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WELL KNOW N T H R O U G H O U T  THE W ORLD AS  
LE A D E R S  IN  D E V E L O P IN G  A N D  M A N U F A C T U R IN G  

IN D U S T R IA L  HEAT T R E A T IN G  EQ U IPM EN T

V':.' iv

S O L D  E X C L U S I V E L Y  T H R O U G H  L A B O R A T O R Y  E Q U I P M E N T  D E A L E R S

Efficient, dependable, advanced in design . . . these 
superb furnaces a re  an asset to any lab or shop. 
Accurate, dependable temperature control plus every 
practical provision for operator ease and safety makes 
them favorites everywhere.

Engineered and built by the leaders in industrial heat 
treating development, these furnaces give you your 
money's worth in durability and trouble-free service.

The Lindberg Box Furnace for fast, accurate, econom­
ical heats, up to 2 0 0 0 °  F. Ideal for metallurgical tests 
and chemical analyses. Transformer is built-in. Step­
less” Input Controller and Indicating Pyrometer are 
housed in a separate metal case.

The Lindberg Pot-Crucible Furnace fo r dual-purpose 
service at heats up to 2 0 0 0 °  F. As a pot furnace it han­
dles salt or lead bath immersion tempering, hardening 
and annealing, cyaniding and aluminum heat treating. 
It is equally effective as a crucible furnace for deter­
mining critical points of steel, melting base metals, 
calibrating thermocouples and other useful shop and 
" la b ” jobs.

The Lindberg Combustion Tube Furnace provides 
heats up to 2 5 0 0 °  F. It dependably handles carbon 
determination of steel by the volumetric method of 
analysis as well as gravimetric type determinations of 
all alloy steels including stainless and heat resisting 
steels. Completely self-contained with transformer, 
control and pyrometer.

The Lindberg Hot Plate for controlled " la b ” and shop 
heating up to 950 ° F. Built-in Input Control assures fast, 
accurate temperature regulation.

Your laboratory equipment d ea le r has these furnaces 
ava ilab le  now. He’ll be glad to give you prices and fuli 
information. See him today.

L I N D B E R G  E N G I N E E R I N G  C O M P A N Y
2450 WEST HUBBARD STREET • CHICAGO 12, ILLINOIS
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CHICAGO APPARATUS COMPANY CHICAGO K Ä 5 S

BECKMAN pH METER
Laboratory M o d e l G

This instrum ent is recom m ended for all types of research  and  p recise laboratory 
pH  investigations w here m aximum versatility and  accu racy  are essential. It is 
also ideal for m easurem ent of oxidation and  reduction potentials.

F e a tu r e s  in c lu d e :

Continuous indication of circuit unbalance (elim inates the key 
tapping  of ballistic methods).

Built-in tem perature com pensation.

Direct millivolt read ings for oxidation-reduction m easurem ents.

Sealed glass electrodes are small and  unusually sturdy; requ ire  
minimum m aintenance.

l be m ade on exceedingly  small (0.005 ml) 
of the p roper electrodes.

in  cab inet with lock and  key, self contained standard  cell, 
and  batteries; the 2 3^" glass-Calomel electrode assem bly for pH 

work on 3 ml samples, buffer solution for standardizing, satura ted  KC1 solution 
for the Calom el electrode. C abinet size 11 ¡Hi x 11 x 9", net w eight 20 lbs.

N o. 75210 B e c k m a n  p H  M e te r ,  Laboratory Model G com plete  $205.00

A vailable for Prompt Delivery



M ore a n d  m o r e  A m e r ic a ’s  m o s t  e x a c t in g  a n d  p rogressive  s c ie n ­
t if ic  a n d  in d u s tr ia l  la b o r a to r ie s  u se  th e  A C CULU TE serv ice  
reg u la r ly  in  th e  p r e p a r a tio n  o f th e ir  s ta n d a r d  v o lu m e tr ic  s o lu ­
t io n s . A C C U L U T E  a m p o u le s  h o ld  th e  p rec ise  e q u iv a le n t  o f th e  
n o r m a lity  s ta te d  o n  th e  la b e ls , so  t h a t  w h e n  c o n te n ts  a re  d i ­
lu te d  to  1,000 m l. ,  th e  s ta te d  n o r m a lity  r e s u lt s  a n d  n o  s u b s e ­
q u e n t  s ta n d a r d iz in g  is  r eq u ired .

T h e  u se  o f t h e  A C C U L U T E  serv ice  sa v es  t im e ,  a ssu r es  u n i-  
fo r m ity  in  t i t r a t io n .  U se  o f AC CULU TE is  t h e  M o d ern  W ay o f  
h a v in g  o n  h a n d — w h e n  n e e d e d — v o lu m e tr ic  s o lu t io n s  o f proven  
accu racy .

ACCULUTE c a rb o n a te  free  a lk a lie s  c o m e  to  y o u  in  p a ra ffin  a m ­
p o u les , so  t h a t  t h e  A C CULU TE a m p o u le s  m a y  be p u rc h a sed  in  
q u a n t it ie s  a n d  k e p t  o n  h a n d  to  r e sp o n d  t o  u r g e n t  n e e d s  as trie  
c o n te n t s  o f th e  a m p o u le s  are in d e f in ite ly  s ta b le .

ACCULUTE s ta n d a r d  v o lu m e tr ic  s o lu t io n  serv ice  is  c o m p l e t e -  
over 80 d iffe re n t s u b s ta n c e s  o f  v a r io u s  n o r m a lit ie s  a v a ila b le  
t o  m e e t  y o u r  in d iv id u a l r e q u ir e m e n ts . W rite  for  p r ice  l is t .
A -50-U

C o m p le te  in s tr u c t io n s  o n  h a n d lin g  A C CULU TE a n d , w h ere  
n e e d e d , a d v ice  o n  e n d  p o in ts , t i t r a t io n s  a n d  sc ie n tif ic  re eren  
are su p p lie d  w it h  e a c h  a m p o u le

are
so  t h a t  a n

b y  s im p ly
th r o u g h

P A R A F F IN

of t h e  a m ­
p o u le  are tra n sferred  
to  a  1000 m l. v o lu m e tr ic  
f la sk  a n d  th e  b o d y  o f  
t h e  a m p o u l e  i s  
w a sh e d  o u t  w ith  a  
w a sh in g  b o t t le ,  a llo w ­
in g  th e  w a sh  to  flow  
in to  th e  v o lu m e tr ic  
fla sk . D ilu te  c o n te n ts  
o f  th e  fla sk  to  1000 m l. 
w ith  d is t il le d  w a te r  a n d

th e  sta n d a r d  v o lu m e tr ic  s o lu t io n  is  prepared .

ANACHEM1A 70 E.45 St., NEW YORK 17, N Y. j

C H E M I C A L  S P E C I A L T I E S
D ISTR IBU TO RS 

(Stocks M aintained for Prompt Shipment)
E . H . S A R G E N T  & C O .,  155— 165 E. Superior St., Chicago 11, III.

1959 E . Jefferson, Detroit 7, M ich.
Serves: The M iddle W est, G u ll States and Mounta.n Slates of 

the West
S T A N D A R D  SCIEN TIFIC  SU P PLY  C O M P A N Y

G E N E R A L  L A B O R A T O R Y  SU P P LY  C O .,  320 Market St., 
Paterson 3, N . J . Sherwood 2-5050  

Serves: New Jersey 
PHIPPS *  BIRD, Sixth and Byrd Sts., Richmond, V a .

Serves: Virginia, North Carolina, South Carolina

34— 38 West 4th St. 
New York 12, N . Y

rgrnia, rsortn Carolina, oout 
W IL L  C O R P O R A T IO N  

Rochester 3, N . Y .
. .  . .  .P i ai a wic\y/  v n D V
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A C C U R A T E  r n K i v F K i i F K i T

'C l. 'C l

Just Dilute Acculute



IN  F O O D S  A N D  C O N F E C T IO N S ! U .S . P .  g ly c e r in e ,  p u r e ,  sw e e t,  

a n d  w h o le s o m e , is  a  v a lu a b le  in g re d ie n t  in  it s e lf — a n d  a lso  
o ffe rs  a d v a n ta g e s  in  th e  d e r iv a t iv e s  th a t  c a n  b e  m a d e  fro m  it .

IN TEXTILES! G ly c e r i n e  is  u s e d  i n  d y e  b a t h s ,  p r i n t i n g  p a s t e s ,  a n d  s p r a y - d y e  
s o l u t i o n s  e m p lo y e d  in  c o l o r in g  a n d  p r i n t i n g  m a n y  t y p e s  o f  t e x t i l e s .  T h e  u s e  o f  

g ly c e r in e - d e r iv e d  a lk y d  r e s i n s  i n  t h e  t e x t i l e  f ie ld  i s  g r o w in g .

IN  D R U G S  A N D  C O S M E T IC S ! G ly c e r in e  h a s  b e e n  a  k n o w n  an d  

t ru s te d  s ta n d b y  fo r  g e n e ra t io n s  in  th e  m a k in g  o f  p h a rm a c e u ­

t ic a ls .  I t  is  a ls o  a  m a te r ia l th a t  o ffe rs  e v e r-n e w  p o s s ib il it ie s .

Vol. 18, No. 2

IN  R ES IN S ! G ly c e r in e  is  a n  im p o r ta n t  c o m p o n e n t  in  th e  m a k in g  o f  a lk y d  r e s in s ,  u s e d  fo r  a u to m o t iv e  f in is h e s  a n d  fo r  f in is h e s  o n  r e f r ig e r a t o r s ,  

s to v e s , a n d  o th e r  h o m e  a p p lia n c e s ,  b e c a u s e  it  i s  e ff ic ie n t  a n d  h ig h -b o ilin g , a n d  o ffe rs  c o m p le te  a v a i la b i l i t y  o f  a ll  t h r e e  o f  i t s  h y d r o x y l  g ro u p s .  
P ic t u r e d  a b o v e  is  a  d e p th  g a u g e  u se d  to  m e a s u r e  t h e  t h ic k n e s s  o f  p a in t .

What’s News In Chemistry?

-Glycerine!
G l y c e r i n ! : ,  k n o w n  f o r  g e n e r a t io n s  t o  c h e m i s t s ,  i s  s t i l l  s o m e ­

t h in g  n e w ,  s o m e t h in g  e x c i t i n g  i n  i t s  p o s s i b i l i t i e s ,  b o t h  f o r  

p r o d u c t s  f o r  h u m a n  c o n s u m p t io n  a n d  f o r  u s e  i n  i n d u s t r y .

G l y c e r i n e  i s  c h e m i c a l l y  s t a b le  u n d e r  o r d i n a r y  c o n d i t i o n s ,  a n d  

b y  p r o p e r  c h o ic e  o f  c o n d i t i o n s  m a n y  o t h e r  u s e f u l  c h e m i c a l s  

c a n  b e  m a d e  f r o m  i t .

F o r  i n s t a n c e ,  g ly c e r i n e  i s  a n  im p o r t a n t  c o m p o n e n t  o f  a l k y d

r e s i n s ,  u s e d  i n  m a k i n g  p r o t e c t i v e  c o a t in g s  a n d  i n  p r o c e s s in g  

t e x t i l e s .  I t  i s  u s e d  i n  m a k i n g  e s t e r  g u m ,  a n  im p o r t a n t  c o n s t i t u e n t  

o f  v a r n i s h e s .

I t  i s  o n e  o f  t h e  b a s i c  m a t e r i a l s  u s e d  i n  m a k i n g  m o n o g ly c e r id e s ,  

e m p lo y e d  i n  s h o r t e n in g  a n d  m a r g a r i n e s .  A n d  i t  i s  u s e d  in  

m a k i n g  p o l y g l y c e r o l s ,  w h i c h  a r e  h ig h e r - b o i l i n g ,  m o r e  v i s c o u s  

g l y c e r i n e - l i k e  s u b s t a n c e s  u s e f u l  i n  t h e  m a n u f a c t u r e  o f  s o m e  

o f  t h e  r e s i n s .

B e c a u s e  o f  i t s  m a n y  a d v a n t a g e s ,  s o  m a n y  m a n u f a c t u r e r s  

d e s i r e  g l y c e r i n e  f o r  s o  m a n y  p u r p o s e s  t h a t  t h i s  v e r s a t i l e  m a ­

t e r i a l  i s  m o r e  i n  d e m a n d  t h a n  e v e r  b e f o r e .

G LY C ER IN E PRODUCERS’ ASSOCIATION
295 Madison Avenus, New York 17, N. Y., D e pLH -1 5 , te su rd i Headquarters. Chicago. III.



The latest development in Refrigerated Centrifuges, the International 
Model PR-1 offers the laboratory analyst practically all of the advan­
tages of the larger permanent type installations plus portability. Cen­
trifuge and compressor are combined in one attractive cabinet mounted 
on casters, and both units are operated from a single cord and plug 
which can be connected to the ordinary lighting circuit.
Constant tem peratures plus or minus 2° can be maintained, and usa­
ble accessories illustrated here include the mullispeed attachm ent and 
high-speed heads for six 7 ml. tubes or four 25 ml. tubes at 18,000 
R.P.M ., conical angle heads for 15, 50 and 100 ml. tubes a t speeds 
up to 5,000 R .P.M ., the four-place pin type head for 250 ml. bottles at 
2,600 R .P.M ., as well as the conventional horizontal tube carrying 
heads. The compressor is of ample capacity to cool the interior of the 
guard bowl to 32° F. or lower with any of this equipment operating at 
maximum speed and a room temperature of 80 I .
Although not previously announced, the Model PR-1 has already been 
supplied to Army, Navy and civilian laboratories, and has been suc­
cessfully used in research on the chemistry of the influenza bacillus. 
The features of the machine will at once suggest countless applications, 
and complete details will gladly be furnished on request.
Width 28" Length 44" Height 42" Weight 850 lbs.

I N T E R N A T I O N A L  E Q U I P M E N T  C O MP AN Y
B O S T O N  3 5 ,  M A S S A C H U S E T T S



A. H. T . CO. SPEC IFIC A TIO N

BOERNER SHAKING APPARATUS
Providing a shaking motion which can be varied from gentle agitation to violent swirling

pj !5 t Fig*1 Fig' 2
W a te r  u n d e rg o in g  sh a k in g  in  M e rc u ry  u n d e rg o in g  sh a k in g

r q 0*1 ivr — wr 500 m l flask  a t ta c h e d  to  v e r-  in  500 m l flask  a t ta c h e d  to
t ic a l ro d  of B o e rn e r  S h ak e r. v e r t ic a l  ro d  of B o e rn e r  S h a k e r .
.F ro m  p h o to g ra p h  b y  " s to p  F ro m  p h o to g ra p h  b y  " s to p

S how ing  m e th o d  of sh a k in g  500 m l flasks. a c t io n "  c a m e ra . a c tio n  ' ca m era .

SHAKING APPARATUS, BOERNER, A. H. T. Co. Specification, oscillating platform type, with 
automatic time switch. Designed especially for shaking flasks, test tubes and micro test slides in the 
Boerner-Jones-Lukens flocculation tests but useful also for many other shaking procedures involving 
containers up to 500 ml capacity. Consisting of a floating platform attached to four vertical Stain­
less steel coil springs which are fastened to the under surface of the platform and to the corners of a 
supporting metal base. The base is provided with rubber feet and enclosed in a metal guard.

Shaking is produced by a  double-ended 7 «  h. p. m otor bolted to  the middle of the underside of th e  platform  in such 
m anner th a t th e  axis of the shaft is horizontal. Eccentrically secured on th e  m otor shaft are two weights w ith aligned 
centers so th a t , in  operation, th e  platform  oscillates in a  generally elliptical pa th  which, opposed by the tension of the 
supporting springs, results in  compound oscillations producing a  violent shaking and swirling motion. The platform  for 
slides, tes t tube racks, etc., is 13 inches square and covered w ith sponge rubber. On it  are mounted, on opposite sides, 
two Stainless steel rods, 12 inches high X 34-inch diameter, for attach ing  special heads above th e  level of the platform  
for shaking separatory funnels, bottles, flasks, etc.; or, by means of No. 3220-B Clamp, flasks or bottles up to  500 ml 
capacity.

T he upper ends of th e  shaking rods can be made to  vibrate violently or gently, as desired, by changing the height of 
the flasks, etc., on the rods and by adjusting their position above or beyond the platform ; also, if necessary, by adding 
a  counter weight to  th e  opposite rod a t  m ost advantageous height.

Complete w ith autom atic tim ing device which can be set for a  maximum interval of 28 m inutes in steps of l/2 m inute 
and switch for operation w ithout tim er. Overall height, 19K  inches; power consumption 40 watte.
8927-M. Shaking Apparatus, Boerner, A. H . T. Co. Specification, as above described, complete w ith cord and  plug, 

bu t w ithout flasks and clamps shown in illustration. For 110 volte, 60 cycles, a. c..................................  52.50

C lam p , of s ta m p e d  s tee l, w ith  h o ld e r ; fo r  se c u re ly  a t ta c h in g  flasks, e tc ., 
to  v e r t ic a l  ro d s  of a b o v e  S h a k e r . T a k e s  c o n ta in e rs  u p  to  2 inches  
d ia m e te r  of n e c k ....................................................................................................... 1.85

M u ltip le  S h ak in g  H e a d , fo r a t ta c h m e n t  to  v e r t ic a l ro d s  of ab o v e  S h a k e r  fo r 
s h a k in g  fo u r  sm a ll flasks, b o tt le s , e tc ., u p  to  125 m l c a p a c ity  a n d  w ith  
n eck s  from  18 to  28 m m  o u ts id e  d ia m e te r . W ith  fo u r  a d ju s ta b le  S p rin g - 
G rip  C la m p s  of n ic k e l p la te d  b ro n ze  a n d  c la m p  h o ld e r  fo r a t ta c h m e n t  to  
r o d ..................    6 . 0 0

S e p a ra to ry  F u n n e l  S h a k in g  H e a d , fo r a t ta c h m e n t  t o  v e r t ic a l ro d  of ab o v e  
S h a k e r  fo r s h a k in g  tw o  s e p a ra to ry  fu n n e ls , 60 , 125 o r 250  m l c a p a c ity , 
in  in v e r te d  p o s itio n . Of c a s t a lu m in u m , -with ru b b e r  co v e re d  rin g s  a n d  
sp rin g s  fo r h o ld in g  fu n n e l s to p p e r  in  p o s i t io n ..........................................  16.50

8929. 8929-B.

ARTHUR H. TH O M A S  COMPANY
R E T A I L — W H O L E S A L E — E X P O R T

LABORATORY APPARATUS AND REAGENTS
W EST W A SHIN GTO N  SQUARE, PH ILA D ELPH IA  5, PA ., U.S.A.

Cable Address "Balance” Philadelphia



INDUSTRIAL a n d  ENGINEERING CHEMISTRY
P U B L I S H E D  BY  
T H E  A M E R I C A N  C H E M I C A L  S O C I E T Y

W A L T E R  J.  M U R P H Y ,  
E D I T O R

Tabulated Diffraction Data for Tetragonal Isomorphs
L . K . F R E V E L , H . W . R IN N , A N D  H . C . A N D E R S O N , The Dow Chemical Company, M id land , M ich .

CO M POU ND  analysis of crystalline solids by isomorphism 
depends for its u tility  on the availability of systematically 

arranged representative diffraction patterns of the various known 
crystal structures. T he tabulation  of the cubic structures (S) 
has been found useful and the effectiveness of the method has 
prom pted the compilation of the tetragonal structures. The 
procedure for comparing diffraction patterns of isomorphous 
substances has been described adequately (4), hence only the 
tabulated diffraction data  for tetragonal isomorphs are presented 
in this paper.

Figures 1, 2, 3, and 4 depict representative diffraction patterns 
of 40 tetragonal structures designated as in the “Strukturber- 
icht” (2, 5-9).  T he patterns are arranged in sets and within 
each set the simplest structure w ith the highest sym metry {11) is 
listed first. T he averaged relative intensities, based largely on 
the Dow file of standards, refer to  Debye-Scherrer-ITull patterns 
taken w ith M oK a radiation. For each structure only reflections 
compatible w ith the respective space group are shown. The 
intensities of superposed lines were resolved by calculating the 
appropriate structure  factors. To round ou t the available pow­
der data, some fifty substances were synthesized and their dif­
fraction patterns carefully indexed.

G E N E R A L  P R O C E D U R E  F O R  ID EN T IFY IN G  A  N O N C A T A L O G E D  
P A T T ER N

(1) Plot the log d values and corresponding relative intensities 
of the unidentified pattern  on a narrow strip  of paper; (2) verify 
th a t the pattern  is noncubic (3) ; (3) find an isomorphic proto­
type among the representative diffraction patterns for the aniso­
tropic crystal structures; (4) compute the lattice constants and 
check the appropriate classification tables (for the tetragonal

Table II. Statistical Data on Tabulated Tetragonal Substances

Table 1. X -Ray  Powder Diffraction
I

Data

d, k X Ix (AMJ
7 .2 5 0 .0 6 001
3 .7 5 1.00 (100) 101
3 .6 0 0 .1 5 002
3 .1 0 1.00 (100) 110

(2 .9 8 ) (0.01)
1022 .7 8 0 .6 3

2 .3 5 0 .7 5  (75) 112
2 .1 9 0 .6 3 200
2.11 0 .2 5 201, 103
1 .9 0 0 .4 0 211, 113
1 .7 2 0 .2 5 212
1.68 0.20 104
1 .6 2 0.02 203

(1 .5 9 ) (0.01)
220, 1141 .5 5 0 .1 5

1 .5 2 0 .1 5 221, 213
1 .4 3 0 .0 8 222, 301
1 .3 9 0.10 204, 310
1 .3 5 5 0.02 311, 302

F ilte re d  M o K a  w as u sed  to  o b ta in  th e  p o w d er  d if frac tio n  d a ta ,  d  —

n te rp la n a r  sp ac in g . ~  *= re la tiv e  in te n s i ty .  T h e  la t t i c e  c o n s ta n ts  fo r th e  Ii
un k n o w n  p h a se  a re  a =  4 .38  k X ,  c =» 7.23  k X ; — *= 1.G5.

D o m in a n t s tru c tu re s  
N r *=» n u m b e r  of ex am p les  Nr
Sr.Vr
C o n fig u ra tio n s  fa v o rin g  te tra g o n a l 

sy m m e try  
P re v a le n c e  of p r im itiv e  la ttic e s  
P rev a len ce  of b o d y -c e n te re d  la ttic e s  
nhko *“ a v e ra g e  n u m b e r  o f o b serv ed  

p rism  reflec tions  p e r  p o w d e r  p a t ­
te rn

p ro b a b i l i ty  of.o b serv in g  {hko}

HO*, C 4 , C i l ,  O B 20 , . . .
3G, 33 , 18, 1 7 , . . .

0 .11 , 0 .10 , 0 .0G , 0 . 0 5 , . . .

T e tra h e d ra l ,  o c ta h e d ra l ,  s q u a re ; l in ­
e a r ;  4 n -cyclic  

5 3 %
47

7o
%

vhko 
1 hko 

Jl

4 .4 ;
(m o, i-soo, öjw) ** ( 0 . 0 5 ,0 .9 3 ,0 .9 0 )

a v e ra g e  re la tiv e  in te n s i ty  of

I hko  J

n[ALf) =  p ro b a b ili ty  t h a t  JAW! is 
th e  nob s tro n g e s t p o w d er reflec­
tion  of a  te tra g o n a l s tr u c tu r e

a v e ra g e  ax ia l ra t io

(/no /ooo J o so \  _

7i ’ / i  ’ Jl /  '
Pa (101 . 1 1 2 , 1 1 0 , 211 , 200) 

0 .2 2 ,  0 .1 3 ,  0 .1 3 ,  0 .0 8 )  
Pa( 1 0 1 . 2 0 0 , 2 1 1 , 1 1 0 , 1 1 2 ) 

0 . 1 3 , 0 . 1 0 , 0 . 0 8 , 0 . 0 8 )  
Paf 110. 211, 101, 2 00 , 112) 

0 .1 0 ,  0 .0 8 ,  0 .0 8 ,  0 .0 5 )

1 .5 1 ; 0 . 3 1 S - S 6 . 7 -

(0 .3 8 , 0 .5 1 ,  0 .1 7 )  

(0 .3 0 . 

(0 .1 5 , 

(0 .10,

system check Tables I I I  and IV ); (5) confirm the identification 
of the unknown phase by a qualitative spectroscopic analysis 
or by spot tests.

The following example illustrates the procedure:

Columns 1 and 2 of Table I  give the powder diffraction data  
of a phase encountered in a magnesium flux sample. After 
plotting log d and the corresponding relative intensities on a  strip  
of paper, one checks first the index scale for the cubic system (S) 
and finds th a t the substance is noncubic. Proceeding to  the 
tetragonal system and comparing system atically the unknown 
pattern  w ith those of Figures 1, 2, 3, and 4, one makes the follow­
ing observations: The first indication of a  fit with the da ta  is
noted for C ll  w ith ^ =  1.64 (o ~  4.4 kX , c ~  7.2 kX ) .  However,
the lines 7.25, 2.78, 1.72, 1.68, 1.62 k X  are no t accounted for by 
this structure and the intensity agreem ent of the indexed lines is 
not satisfactory. S tructure C38 perm its indexing all the lines for

-  =  1.65 (o =  4.38 kX , c =  7.23 kX )  bu t gives poor agreement a
with the relative intensities. Checking Table I I I  under C38, 
one fails to  find a substance agreeing w ith the computed lattice 
constants. A similar situation is encountered for structure D3i
with ~ =  2.32 (a =  6.20 kX , c = 14.5 k X )  and for structure DO22

with -  =  1.65 (a = 8.75 kX ,  c =  14.5 kX ) .  Structure E O 1, how­
ever, accounts for all the lines and m atches the relative intensi­
ties well. Looking under E O 1 for ^  =  1.65 (a =  4.38 kX , c =

7.23 kX ),  one identifies the unknown as BaFCl. Spectroscopic 
analysis confirms Ba as a m ajor constituent. The fain t lines 
2.98 and 1.59 k X  belong to  an unidentified m aterial present in 
low concentration. (In completing the comparison of the iden­
tified pattern  w ith the remaining tetragonal structures, one 
finds only partial m atching w ith structures H O 4, H O 7, and HOg.)
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An alternative method of identifying the unknown phase is 
based on the general tabulation  of tetragonal substances in Table 
IV. By matching the unknown pattern  against the standard 
structures it is noted th a t the pattern  can be indexed tetragonal

with ^  = 1.65 (a =  4.38 k X ,  c =  7.23 kX ) .  Looking in Table

IV for these lattice constants one finds BaFCl listed. As in the 
first method a qualitative spectroscopic analysis is required to 
confirm the phase identification. In  using T able IV  it is advis- 

c /  2*"p\ c
able to  look no t only under -  bu t also under ( —  ) -  where p, q =

Q \  Q  /  CL

L,2,3, . . . ,n and r =  0, In  practice one usually considers

only the factors 2, \ / 2 ,  §•

The ease with which a tetragonal pa ttern  can be recognized is 
a determining factor in the speed of the above methods. Refer­
ence to  Table II  suggests how one m ay expedite the indexing of 
tetragonal powder patterns. For approxim ately 85%  of the 
tetragonal substances it  is possible to pick out the 1200) and 
1220) reflections by translating the log d s trip  of the unknown 
pattern along the {hko\ scale a t  the top of Figure 1. The data 
of Table I  can be used to  illustrate the procedure. After p lo t­
ting log d one fixes the first line, d, =  7.25 kX ,  on (200) of the

Table III. Tetragonal Su

T a b le  I I I  lis ts  329  te tra g o n a l s u b s ta n c e s . F o r  e a ch  iso m o rp h o u s  ty p e  
r.h e  m em b ers  a re  a r ra n g e d  in  th e  a sc e n d in g  o rd e r  of th e ir  ax ia l ra t io s . If 
rw o m em b ers  h av e  th e  sam e  v a lu e  fo r c /a  th e  one  w ith  th e  sm a lle r  la tt ic e  con-

c
T a, k X c, k X S u b s ta n c e

A5
0 .5 4 5 6 5 819 3 .1 7 5 d-Su

A6

0 .9 3 6 3 .7 7 4 3 .5 3 3 r - M n
0 .9 5 2 3 .7 6 3 .5 8 9 5 M n .5 C u
0 .9 6 2 3 .7 6 7 3 .6 2 4 S 9 M n .l lC u
0 .981 3 .7 6 4 3 .6 9 3 7 9 M n .2 1 C u
0 .9 9 8 3 .7 5 2 3 .7 4 4 6 6 M n .3 4 C u
1 .077 4 .5 8 5 4 .9 3 7 In

B 10
1 . 2 2 3 .5 5 4 .3 3 L iO H
1.26 3 .9 8 5 .0 1 P bO  (red)
1.27 3 .8 0 4 .8 1 SnO

B17
1 .74 3 .0 3 5 .2 6 P d O
L .7 6 3 .0 3 5 .3 2 P tO
1 .76 3 .4 7 6 . 1 0 P tS

B25 a n d  O B 25
0 .6 6 7 6 . 0 1 1 4 .0 0 9 N II iS H
0 .7 0 7 6 .1 8 4 .3 7 7 -N H « I
0 .7 0 9 5 .7 0 4 .0 4 y - N H 4B r ( ~ 1 7 3 °  K .)
0 .7 1 1 7 .7 8 5 .5 3 N (C H ,)4Cl
0 .7 1 2 8 .4 4 6 . 0 1 N (C H j)4M n 0 4
0 .7 1 3 7 .7 6 5 .5 3 N (C H j)4B r
0 .7 2 2 S .28 5 .9 8 N (C H ,)4C1C>4
0 .7 2 4
0 .7 2 9

7 .9 4
6 .3 4

5 .7 5
4.62-

N ( C H ,) J
P H J

B 34
1 .03 6 .3 7 6 .5 8 (P d , P t ,  N i)S
1 .04 6 .3 5 6 .6 0 PdS

B 37
0 .8 7 3 8 . 0 2 7 .0 0 TISe

K a fii

1 .3 5 3 .2 4 4 .3 8 M g ln
1 .3 9 3 .4 6 4 .8 0 N aB i

C 4

0 .5 7 0 (4 .8 6 ) (2 .7 7 ) WOa
0 .5 7 4 (4 .8 6 ) (2 .7 9 ) M oO j

l/ifco) scale and notes if any of the remaining d ’s  m atch (220). 
As no m atch is found one proceeds system atically to  the succeed­
ing lines and observes th a t dt =  3.10 k X  and da =  2.19 kX  
m atch—i.e., tLids =  1.415 »  a /2  =  ¿(mo) :d (22o) =  d(uo):d(2oo). 
Checking the possibility th a t dcda = d{uo) :d(;oo), one sees imme­
diately th a t dp.da-.di!, =  3.10:2.19:1.55 =  d(no) :d (2oo) :d|Mo) = 
2 : \ / 2 : l .  Three prism reflections are thus identified and the un­
known p a tte rn  is readily indexed by following the (110) lines down

c
Figure 1 un til a  m atch is found for -  =  1.65. T he phase identifi­

cation is then carried ou t in the m anner already discussed.
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ices Tabulated by Types

a ta n ts  is lis ted  firs t. (T o  av o id  re p e t it io n , th e  v a r io u s  l i te r a tu r e  values  h ave  
b ee n  a v e ra g e d .)  F o r  specific  re fe re n ces  p r io r  to  1939 see “ S tr u k tu r b e r ic h t” , 
Vols. I to  V I I :  fo r la te r  re fe re n ces  see  C hem . A bat., 33 to  39 (1939 -1945 ).

e
a a, k X c, k X S u b stan ce

0 .6 2 1 4 .7 7 2 .9 6 CbOa
0 .6 3 3 4 .6 1 2 .9 2 R h V 0 4
0 .6 3 4 4 .5 4 2 . 8 8 VO*
0 .6 4 2 4 .6 9 3 .0 1 R hC bO #
0 .6 4 4 4 .5 8 2 .9 5 T iO i
0 .6 4 5 4 .6 8 3 .0 2 R h T a O i
0 .6 4 9 4 .4 1 2 . 8 6 C rO ,
0 .6 4 9 4 .6 4 3 .0 1 CrCbO «
0 .6 5 0 4 .6 3 3 .0 1 C rT a O i
0 .6 5 1 4 .3 9 2 . 8 6 GeOa
0 .6 5 2 4 .4 0 2 .8 7 M nOa
0 .6 5 2 4 .6 2 3 .0 1 F e S b 0 4
0 .6 5 2 4 .6 7 3 .0 4 F e T a O i
0 .6 5 2 4 .6 8 3 .0 5 F eC bC b
0 .6 5 6 4 .51 2 .9 6 A lS b 0 4
0 .6 5 9 4 .6 4 3 .0 6 M gFa
0 .6 6 0 4 .5 9 3 .0 3 G a S b 0 4
0 .6 6 0 4 .7 1 3 .1 1 N iFa
0 .6 6 4 4 .5 8  ’ 3 .0 4 C rS bO .
0 .6 6 5 4 .7 2 3 .1 4 Z n F i
0 .6 7 2 4 .7 2 3 .1 7 SnOa
0 .6 7 4 4 .6 0 3 .1 0 R hSbO *
0 .6 7 8 4 .8 7 3 .3 0 M nF a
0 .6 7 9 4 .7 0 3 .1 9 CoFa
0 .6 8 3 4 .9 5 3 .3 8 PbO a
0 . 6 8 6 4 .9 3 3 .3 8 P d F a
0 .6 9 0 4 .5 1 3 .1 1 RuO a
0 .6 9 6 4 .8 3 3 .3 6 F eF a
0 .6 9 9 4 .4 9 3 .1 4 IrO a
0 .7 0 7 4 .5 1 3 .1 9 0 8 0 a
0 .7 8 7 (4 .7 9 ) (3 .7 7 )

C5

TeOa

2 .5 1 3 .7 5 9 .4 3

C l l

TiOa

1 .1 5 6 .2 7 7 .2 2 CsOa
1 .1 7 5 .9 9 7 .0 2 R bO a
1 .1 8 5 .7 0 6 .7 3 KOa
1 . 2 0 U Ca
1 .2 8 (4.1*4) (5 ’.2 8 ) T hC a
1 .6 1 4 .3 9 7 .0 5 B aC a
1 .6 3 4 .1 1 6 . 6 8 SrCa
1 .6 5 3 .8 2 6 .3 0 N dC a
1 .6 5 3 .8 7 6 .3 7 C aC a
1 . 6 6 3 .8 5 6 .3 8 PrC a
1 .67 3 .5 4 5 .9 1 CaOa
1 .6 7 3 .7 5 6 .2 8 Sm Ca
1 .6 7 3 .8 7 6 .4 8 CeCa
1 .6 7 3 .9 2 6 .5 5 LaCa

(.C ontinued on next page)
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Table III (Continued)

1 .7 9
1 .8 5
1 .9 7
2.10

o, k X

3 .7 8  
3 .5 5  

(4 .2  8 ) 
(3 .8 9 )

c, k X S u b stan ce a a , k X c, k X S u b s ta n c e

6 .7 7
6 .5 5

(8 .4 2 )
(8 .1 7 )

B aO i
SrOa
K H C a
N a H C t

0 .5 5 0 10.81
E I 4

5 .9 4

E 2i

(P nC la)i

2 .8 3 4 .3 6

C13

1 2 .3 6 H gla
1 .8 9 4 .1 9 7 .9 4

E 2 #

N IR H gC l*

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

* 0 .8 5 7  
0 .8 8 0

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

C16

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

C20

AlaCu
SnaFe
SnaM n
FeaB
CoaB

0 .5 0 2

1 . 0 0

1 3 .3 0 -
1 3 .5 2

6 .3 4

6 .6 9 -
6 .7 8

(E 3 ,)
6 .3 4

K M g (H aO ).(C l, B r) . 

A gallgR
G eaFe
NiaB
P baP d
SnaCo
PbaR h

1 . 0 1

0 .9 0 6

6 .0 8

(6 .4 1 )

6 .1 4

(E 6 0

(5 .8 1 )

(E 6 a)

C uaH gR

8 r(O H )a .8 HaO

2 .4 5
2 .4 6

1 .4 0
1.41

1 .53
1 .61
1 .65
1 .67
1 .75

0 .6 0 5

2.88

3 .6 8
3 .7 3

1 .46
1 .55
1 .56
1 .57
1 .58
1.58

4 .3 2

2 .4 6
2 .4 8
2 .54

2 .3 6
2 .3 9
2 .4 4
2 .9 8

1.40
1.41
1.41
1.41

0 .4 9 0
0 .4 9 1
0 .4 9 2
0 .4 9 9
0 .5 0 2

1.65
1.68
1.71
I.Y6
1.76
1.82
1.89
2 .0 7
2 .2 8

1 .82
1 .97

3 .2 1
3 .2 0

4 .9 6
5 ,0 0

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

8 .3 5

2 .9 9 8

5 .0 7
5 .2 8

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

4 .0 0 3

4 .5 3
4 .4 5
4 .3 5

4 .9 2
4 .6 5  
4 .4 6
3 .6 6

8 .7 5
8.10
8 .3 2
8 .9 5

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

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

5 .6 6
5 .2 6

7 .8 8  
7 .8 6

C30
6 .9 2  
7 .0 6

C38

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

C47

5 .0 5

C48

8 .6 3 0

ZnPa
18 .6 5  
19 .7 0

DO«
8 .0 9 3  
8 .7 1 2  
8 .3 0 5  
8 .5 3 6  
8 .5 7 9  
8 .5 8 4

D O si

17 .2 9  

D l i

11 .1 4
11 .0 4
11 .0 7

D 3 i

11 .62
11.10
10 .8 9
1 0 .9

D 5 9

1 2 .2 8
1 1 .4 5
11 .7 6
1 2 .6 5

F e iP

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

E O i

7 .2 2
6.88
7 .9 3  
6 .8 3  
7 .2 1  
7 .5 9  
7 .3 7  
8.11 
9 .1 4

E l i

1 0 .3 0  
10 .3 7

W Sij
M oSii

SiOa
A1PO«

CuaSb
M naSb
FeaAs
M naAs
CraAs

SeO i

C rjA l

Z nP j
C d P i

T iG a i
Z rG a i
V Ali
T aA li
T iA li
C bA li

ZrA li

A hB a
Al<Sr
A bC a

H g jli
HgaBra
HgaCla
HgaFa

C diPa
Z n iP j
Zn jA si
C diA si

F e iP
(F e , N i, Go)«P
N iiP
C n P
M m P

B aF C l
S rF C l
B a F I
C a F C l
P b F C l
P b F B r
B iO C l
B iO B r
B iO I

A gFeSj
C u F eS i

0 .8 8 0

1 .94
1 .94
1.94
1 .9 5
1 .9 5

0 .9 2 1

1 .1 6
1 .1 6
1 .17
1.20

0 .5 9 3

0 .8 7 1

1 .0 8 6
1 .0 8 6

0 .8 6 7
0 .8 7 4
0.888
0 .9 0 1
0 .9 1 0
1 .4 6
1 .4 6
1 .4 7

2 .1 5
2 .1 7
2 .1 7
2 .1 7
2 .1 8  
2 .1 8
2 .1 9
2 .1 9
2 .1 9
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2 . 2 1  
2 .2 1  
2 . 2 2  
2.22 
2 . 2 2
2 .2 3
2 .2 3
2 .2 3
2 .2 3
2 .2 4
2 .2 4  
2 .2 6  
2 .2 7
2 .2 9
2 .3 0
2 .3 1
2 .3 2  
2 .3 6
2 .5 2
2 .5 3

(6 .3 2 )

4 .7 0
4 .7 1  
4 .7 3
4 .7 0
4 .7 1

) .6 9

6 .0 7
6 .0 9
6 .3 6
5 .6 7

6 .3 1

5 .7 4

8 .1 3
8 .3 4

(5 .5 6 )

F eT ajO *

9 .1 0
9 .1 2
9 .1 6
9 .1 8
9 .1 8

F la

8 .9 2

F 5 ,

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

F 5 4

3 .7 4

GO*

5 .0 0

P h o sg e n ite

8 .8 3
9 .0 6

H O»

SrO î.8H jO

N iT ajO « 
F e (C b , Ta)iO » 
CoTajO « 
M gTaaO« 
F eT aaO i

H g (C N ),

K N C O
K N i
R b N i
K F H F

N H 4C 10,

N H 4N O .-I I  (3 5 7 -3 9 8 °  K .)

P b îC lîC O i
PbaB raC O .

7 .1 3 6 .1 8 Y VO i
7 .2 5 6 .3 4 CaCrO «
6 .8 7 6 . 1 0 Y P O 4
6 .5 8 5 .9 3 ZrS i04
6 .8 9 6 .2 7 Y A sO i

(7 .7 4 ) (1 1 .3 1 ) Y (C b , T a)0<
(7 .7 6 ) (1 1 .3 2 ) Y C b O ,
(7 .7 5 ) (1 1 .4 1 ) Y T aO i

HO4
5 .9 4 1 2 .8 0 N H 4IO 4
5 .1 5 11 .1 7 C dM oÛ 4
5 .2 4 1 1 .3 8 C aW O i
5 .3 5 11 .6 3 N a L a (W 0 4 )a
5 .3 2 1 1 .5 9 NaCeOVOiSa
5 .3 4 1 1 .6 3

1 1 .4 4
L iL a(W O i)a

5 ! 23 C aM o04
5 .2 7 1 1 .5 5 N aB i(M o O i)a
5 36 1 1 .7 2 NaReC>4
5 .2 3 1 P 5 0 L iB i(M o04)a
5 .3 1 1 1 .6 7 L iL a (M o O ,)i
5 .3 3 1 1 .7 0 N a L a (M o O ,) j
5 .4 0 1 1 .9 0 SrVVO,
5 .7 5 12 .6 3 K IO i
5 .8 7 12 .94 I lb lO .
5 .8 7 1 2 .9 4 N H .R e O i
5 .4 4 1 2 . 0 1 PbVVO.
5 .4 4 1 2 .0 3 K L a(W O .)s
5 .3 8 1 1 .9 2 K B i(M o O .) .
5 .3 9 11 .9 4 KCe(VVO.)>

K R eO i5 .6 2 1 2 .5 0
5 .3 5 1 1 .9 2 A gR eO .
5 .3 7 1 1 .9 6 S rM o O .
5 .4 1 1 2 .0 8 P b M o O .
5 .4 2 1 2 . 1 1 K L a(M oO <)i
5 .3 2 1 1 .9 3 N a lO .
5 .3 7 1 2 . 0 1 A g lO ,
5 .6 2 1 2 .7 0 B aW  O*
5 .8 0 1 3 .1 7 R b R eO ,
5 .5 6 1 2 .7 6 B aM o O ,
5 .0 8 1 1 .6 9 BiA sO ,
5 .7 6 1 3 .3 3 /5-T lR eO , (400° K .)
5 .6 5 1 3 .0 8 K O sO jN
5 .4 6 1 2 .8 9 K C rO jF
5 .61 1 4 .1 3 C sS O .F
5 .7 2 1 4 .5 0 C sC rO jF

(C on tinued  on page 87)
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C 38
CuESb

C 4
TiOg (rutile)

B 10
PbO

Figure 1 . Representative Diffraction Patterns of Tetragonal Structures
The log dhko values of the various structures (Figures 1 , 2, 3, and 4) are matched according to the ¡fiTto} reflections. (To conserve printing space some of the structures had 
to be translated to the left— e.g., BIO , C 13, C 3S .) The relative intensities of the powder pattern pertaining to a particular structure represent the arithmetically averaged 
relative intensities (for M o K a radiation) of representative members of the isomorphous group. The change of dhid with c / a  is expressed graphically (,3 ,30) and covert the

c / a  spread encountered within the particular isomorphous group

C 5
TiOg ( anatase)
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Table III (Continued)

1 .624-
1.533

1 .7 3
1.73
1.76
1.77

1.48
1.58
1.59 
1.61 
1.64

0.684
0.687
0.689
0.696
0.697
0.699
0.708
0.722
0.742

0.582
0.591
0.591

0.936
0.938
1.003
1.005

1.97

1.024
1.05
1.05
1.06 
1.09

0.403
0.423

2 .95

1.21

2 .18 
2 .19  
2.21 
2.21 
2.23

0.847
0.848
0.857
0.859

1.25

1.50

0.974
0.984

1.14
1.15

1.58
1.61

a, k X

4.459
4.332

3 .5 5
3 .6 2
3 .61
3 .5 9

5 .8 5
6.2 0
5.74  
6.12
5 .7 5

8.22
8.592
8.685
8 .49
8.491
8.445
8 .35
8 .72
8 .8 5

7 .0 4
6.99
7 .21

7.61
7.43
7.52
7 .70

5 .46

7.81
7 .5 8
7 .9
7 .4 5
7 .50

10.40
10.21

6.99

6 .9 8

5 .32  
5 .2 9
5 .33  
5 .35  
5 .22

9 .7 6
9 .84
9 .2 5
9 .5 0

6 .9 9

6 .97

8.12
8.01

15.84
16.95

9 .18
8 .7

c, k X  

H O ;

6.796
6.640

H O s

6 .14 
6 .2 6  
6 .37  
6 .35

( H I , )

8.68
9.82
9.15
9.87  
9.42

P b P b 20*

5.62
5.905
5.980
5.91  
5.920  
5.907
5.91
6 .30  
6 .57

H I ,

4 .10
4.13
4 .2 6

H 2 j

7 .12
6.97
7.54
7.74

H 2 ,

10.73

H 4 i

8.00
7 .96
8 .3
7 .88
8.16

H49
4 .19
4.31

H 4,7

S u b stan ce

BAsO«
BPO«

KA1F,
R b A lF ,
T1A1F,
N H ,A 1F ,

C u F e jO ,
C a lm O ,
Z nM niO ,
C d ln 20 ,
M n M n jO ,

N iA siO ,
F eS b iO ,
M n S b jO ,
C oS biO ,
ZnSbsO ,
M gS b îO ,
N iS b jO ,
S n P b jO ,
P b P b îO ,

K jP d C l,
K îP tC h
(N H O tP dC U

K H jA sO ,
K H jP O ,
N H ,H îP O ,
N H îH jAsO,

C u jF eS n S ,

R b 2C u C l,.2 H îO
( N H 0 2C uC]4.2H20
(N H 4)*C uB r4.2 H 20
K 2C u C b .2 H 20
(NH4)îF cC14.2HjO

P t(N H j)4C I* .H 20
P d (N H 3) iC l2.H 20

0.753 8 .43 6.35 Ag2S04.4N H 3

H5»
20.63

H5ic

8.42

C a(U O 2) i(P O 4) j . l 0 V îH 2O

C a (U 0 i) i (P 0 4 )a.6V 2H 20

L a 2(M o 0 4 ) ,

11.60 
11.58 
11.78 
11.84 
11.62

N aB aP O ,
8 .27  
8 .3 4  
7 .93  
8 .16

JU
8 .7 5

Jl9  
10.43

J ln
7.91 
7 .8 8

J 3 i
18.01 
19.45

K3,
14.47 
14.0

P r j(M o 0 4 ),
N dj(M oO ,)«
C et(M oO «)i
La*(M o04)i
S m i(M o 0 4 )i

N a B a P O ,
K B a P 0 4
N aS rP 0 4
K S rP 0 4

K î OsOî CU

A g C o (N H ,)j(N O j>4

A g S b (O H ).
N a S b (O H ),

K sT1C18.2HjO
R b 3T lB r,.8 /7 H iO

Cs3C oC l,
R bsC oC l,

1.71
1.72
1.73

1.48

1.45
1.49

1.13
1.13
1.14 
1.16 
1.16

3.13
3.13
3.20
3.20  
3.22
3.34
3.34
3.35

0.825
0.935
0.966
0.967

0.757

0.624
0.627

0.632

a, k X

8.39
8 .41
8 .14

7.01

7 .49
7.38

6.70
7.37
7.05
6 .7 8
6 .78

3.840
3.877
3.925
3.943
3.876
3.970
3.990
3.941

3.89
3 .9 8
3 .85
3 .66

15.63

12.27
12.09

9 .18

1.20 4 .2 8
1.51 4 .85
1.58 4 .48
1.61 4 .57

0.711 7 .7 8
0.712 8 .44
0.713 7.76
0.722 8.28
0.724 7 .94

2 .81 4 .78
3 .0 8 4.47
3.27 4 .29

c, k X  

K3,
14.34
14.5
14.1

K 7,

10.36

S u b s ta n c e

1.76 9 .00 15.84

S5*
0.637 7 .83 4 .99
0.651 7 .76 5 .05
0.655 7 .75 5 .08
0.659 (7.47) (4.92)
0.675 (7.38) (4.98)

S Ô 4

7 .6 6
7 .5 8

O B I 1

5.80

O B 20
1.72 5 .09 8 .76
1.75
2 .95

5.11 8.96
5 .1 8 15.3

2 .96 5.02 14.85
3 .03 5.02 15.23
3 .33 5.01 16.7
3 .35 5 .16 17.3
3 .40 5 .00 17.0
3 .7 8 5 .1 6 19.50
3 .93 4 .98 19.55
4.02 4.93 19.8
4 .15 5 .18 2 1 .5
4 .25 4 .96 21.1
4 .58 5.18 23 .7
5 .42 5 .18 28.1
5 .8 8 5 .1 8 30 .46
6 .03 5 .18 31.24

O B21

5 .13 
7 .33  
7 .10  
7 .36

N H 4P b 2B r,
R b P b jB r»
K P b 2B r,

Na»A l3F i4

K7,
10.87
11.01

K iC rO s

7 .60
8 .34
8 .05
7 .86
7 .8 8

LiBi JO 4CI2

12.03 
12.13 
12.55 
12.62 
12.47 
13.24 
13.31 
13.19

L10
3 .21
3 .72
3 .7 2  
3 .54

S2i 
11.83

S 5 î

C s jA u AuCU
C s2AgAuCl«

KjCrOn
C 83TaO*
J tb s T a O ,
K sC bO ,
K jTaO g

LiBi304Clî
NaBi304Cl2
N a B i30 4 B ri
CdjBhOgBn
L iB i3Ü 4B rj
C d 2B i204 l 2
NaBi304li
LiBi304l2

N iZ n
A u C u
F e P d
N iM n

CaioM giAbSigO w ÇOH ),

K C a 4SisOioF.8 H iO

C a 2Z nS i207
(C a , N a ) i(M g , Al) (A l, S i) :0 ;  
C ajÀ lîS i07
(C a , N a)*B e(A l, S i) j ( 0 ,  F ) 7 
(C a , N a ) îB e S i j(0 ,  O H , F ) y

C a4A U Si,024(S04, C 0 3) 
Na4A l3SiiOî4Cl

N ( C H 3) 4 l C l *

C H 3N H 3B r
C H 3N H 3I
C 4 H » N H 3I
C 4 H » N H 3C 1
C 4H 9N H 3B r
c , h „ n h 3c i
C ,H , i N H 3I
C ,H „ N H 3B r
C .H iiN H g l
C e lIn N H aC l
C .H ,3N H 3B r
C7H » N H 3I
C ïH u N H g C l
C ,H n N H aI
C io H u N H sI
C „ H î3N H 3I
C i î H mN H i I

C H 3N I I 3C1
C 3H 7N H 3I
C 3H 7N H 3C1
C 3H 7N H 3B r

O B 25 a n d  O H O ,
5 .53  
6.01
5 .53 
5 .9 8  
5 .75

T 1 (C H 3)2I

13.43 
13.78 
14.02

N ( C H 3) 4 C 1
N (C H 3)4Mn04
N (C H 3),B r
N(C H 3)4C104
N(C H 3),I

TKCH3)îI
T l(C H 3)jB r
T 1(C H 3)jC1

( C ontinued  9n page 89)
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HÇgClg

Cu FeS;

PbFCI

KMg (H20 ) 6 (CI,Br)3

(E6,)
Sr (OH)g - 6 HzO

KFHF

Hj (CN)e

Pbg Cl2 C 0 3
Phosgenlte

Log d + Constont
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Figure 2 . Representative Diffraction Patterns of Tetragonal Structures
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Table III (Continued)

a a, k X c, k X S u b stan ce a a, k X c, k X

O G li 0 4 i ,

0 .4 5 1 16 .1 7 .2 6 [(C H ,) ,A 8| PdCla]a 1.44 6 .0 9 8 .7 6
0 .4 5 1 1 6 .6 7 .4 8 [(C H a)iA s, PdBraJa

0 5
O J l i 0 .4 5 7 1 2 .1 5 .5 3

1.42 7 .8 8 11 .1 9 [N(CHa)«]aSiF»
0 6

((C H j)jS iO ]. 0 .5 3 3 12 .1 5 6 .4 8
0 .6 1 3 13 .95 8 .5 5 [(CHa)aSiO]s 0 .5 4 4 11 .9 0 6 .4 7

0 .5 9 1 11 .6 0 6 .8 5
O l j 0 .6 1 2 11 .44 7 .0 0

0 .6 4 5 11 .09 7 .1 5
0 .3 9 6 10 .37 4 .1 1 [CH aCH O ]« 0 .7 1 3 (9 .3 8 ) (6 .6 9 )

0 2 «

0 .4 2 7 12 .5 9 5 .3 7 A g(C H a.C S.N H a)<C l
0 .4 4 4 12 .4 3 5 .5 2 C u(C H a.C S .N H j)«C l

S u b s ta n c e

C (C H iO H ).

C(CHîOCOCH,).

Pb(C.H.)r
S n < C .H .)(
Ge(C»Hi)*
S i(C «H i)i
C fC eH iJi
C C C a O N O ,) .

Table IV . Tetragonal Substances Tabulated Accord ing  to A x ia l  Ratios
T ab le  IV  lia ta  447 te tr a g o n a l  s u b s ta n c e s  a r ra n g e d  in  a scen d in g  o rd er of 

th e ir  ax ia l ra t io s . I f  tw o  s u b s ta n c e s  h a v e  th e  sam e  v a lu e  f o r c /a ,  th e  one w itb
th e  sm a lle r  la tt ic e  c o n s ta n ts  is  l is te d  firs t. C o lu m n  4 a lso  in c lu d es  s p a n , 
g ro u p  d a ta  w here  no  d efin ite  s tr u c tu r e  h a s  b ee n  e s ta b lish ed .

0 .3 1 1  
0 .3 6 7  
0 .3 9 4  
0 .3 9 6  
0 .4 0 1  
0 .4 0 3  
0 .4 1 7  
0 .4 2 2  
0 .4 2 7  
0 .4 2 9  
0 .4 4 4  
0 .4 5 1  
0 .451  
0 .457  
0 .464  
0 .4 8 7  
0 .4 9 0  
0 .491  
0 .492  
0 .4 9 5  
0 .4 9 9  
0 .502  
0 .5 0 2

0 .5 1 4

0 .5 1 8
0 .5 3 3
0 .5 3 6

0 .541

0 .5 4 4
0 .5 4 6
0 .5 5 0
0 .5 5 0
0 .5 5 2
0 .5 7 0
0 .5 7 4
0 .5 8 2
0 .5 8 2
0 .5 9 1
0 .5 9 1
0.691
0 .5 9 3
0 .6 0 3

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

0 .6 2 7

0 .6 3 2
0 .6 3 3
0 .6 3 4
0.637

0 .642
0 .644

a , k X c, k X T y p e

1 2 . 2 3 .7 9
1 1 .4 4 4 .2 0 ¿¿-14
1 1 .0 9 4 .3 7 S » -14
1 0 .3 7 4 .1 1 O la
1 1 .0 6 4 .4 3 S2-I4
1 0 .4 0 4 .1 9 H4»
1 0 . 1 2 4 .2 2
1 0 . 2 1 4 .3 1 H 4 ,
1 2 .5 9 5 .3 7 0 2 «
1 4 .6 6 .2 6
1 2 .4 3 5 .5 2 0 2 «
1 6 .1 7 .2 6 O G la
1 6 .6 7 .4 8 O G la
1 2 . 1 5 .5 3 0 5

8 . 1 2 3 .7 7
1 8 .8 9 .1 5 C ^ - H i / o
9 .0 9 4 .4 5 F e ,P
9 .0 1 4 .4 2 F e ,P
8 .9 2 4 .3 9 F eaP
7 .5 6 3 .7 4
9 .1 3 4 .5 6 P eaP
9 .1 6 4 .6 0 Fe*P

1 3 .3 0 - 6 .6 9 - E 2 <
13 .52 6 :7 8

3 4 .0 4 17 .4 9 D « í-P 4 /m n m

5 .5 6 2 . 8 8
12.15 6 .4 8 0 6
12 .7 8 6 .8 5 C 4® -I4i/o

2 6 .6 0 1 4 .4 0

11 .90 6 .4 7 0 6
5 .8 1 9 3 .1 7 5 A5

10 .81 5 .9 4 E l«
12 .17 6 .6 9

7 .8 2 4 .3 2
(4 .8 6 ) (2 .7 7 ) C4
(4 .8 6 ) (2 .7 9 ) 0 4
7 .0 4 4 .1 0 H l k_

1 2 .1 9 7 .0 9 S Î- I4
6 .9 9 4 .1 3 H I»
7 .2 1 4 .2 6 H I .

11 .6 0 6 .8 5 0 6
6 .3 1 3 .7 4 F5«
9 .2 2 5 .5 6

8 .3 5 5 .0 5 C47
11 .44 7 .0 0 0 6
1 3 .9 5

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

g C H ,) ,S i0 1 a

(5 .7 2 ) 3 .5 6 C * a- I4 / m
1 2 .2 7 7 .6 6 S 6 <

1 2 .0 9 7 .5 8 S 6 «

9 .1 8 5 .8 0 O B11
4 .6 1 2 .9 2 C4
4 .5 4 2 . 8 8 C4
7 .8 3 4 .9 9 S5»

4 .6 9 3 .0 1 C4
4 .5 8 2 .9 5 C4

Substance
N a t o . i - o . n W O *

C d [ H g ( C N S ) < )

Co[Hg(CNS)<]
[CH iCH O].
Zn[Hg(CNS)i]
Pt(N H .).C lj.H :0
B e-(W .M o )
P d ( N H . ) < C I t . H i O
Ag(CH,.CS.NHi)«Cl
M gPt(CN)..7HîO
CufCHi.CS.NHOÆl
( ( C H i ) j A s ,  P d C l s l î
f(CHi)iAs, PdBriJi
C(CHiOCOCHi).
C S !(~ 1 0 0 °  K.)
C.H«[1.2]CH,.SO,NH.
F e j P
( F e , N i , C o ) i P
N i r P
W . O u
C nP
M n i P
K M g(H ,0)s(C i,Br),

NaK(Ca.M g.M n)- 
AI4SÍ6O18.8H1O. 
ashcroftine 

CdHg 
Pb(CeH&). 
CHiOH(CIIOH)r 

CHjOH 
(C.H.11,2)0 .- 

C H = N O H )iP t 
Sn(CiHi)<
/S-Sn
[ P N C l r b
A g C l O i
Z n H g ( C N S ) .
VVOj
M 0 O 1
K i P d C h

(C.HO.AsI
KiPtCh
( N H O i P d C L
06(0.118)4
NH.ClOt
N aiCo(CNS)4.8H.O,

j u l i e n i t e
S e O .
Si(C.fil)4
[ ( C H . ) i S i O ] .
C b O r

NÍ4M0
Ca.AUSiaO«(SO.,COi), 

meionite 
NaaAlaSi ,0:.C1, 

marialite 
N(CH»).ICli 
R I 1 V O 4 
V O .
Ca.ZnSi.O7,

hardystonite
R h C b O .
T i O .

a a , k X c, k X T y p e Substanc»-

0 .6 4 5 4 .6 8 3 .0 2 C4 RhTaO «
0 .6 4 5 11 .09 7 .1 5 0 6 C(C.H*)«
0 .6 4 9 4 .41 2 . 8 6 C4 CrOa
0 .6 4 9 4 .6 4 3 .0 1 C4 C rCbO «
0 .6 5 0 4 .6 3 3 .0 1 C4 C rTaO «
0 .6 5 1 4 .3 9 2 . 8 6 C4 G eO t
0 .6 5 1 4 .6 7 3 .0 4 C4 FeTaO «
0 .6 5 1 7 .7 6 5 .0 5 S5» (C a ,N a)a (M g ,A l;-  

(AlaSi)a07 m e lil iu
0 .6 5 2 4 .4 0 2 .8 7 C4 M nOa
0 .6 5 2 4 .6 2 3 .0 1 C4 FeSbO«
0 .6 5 2 4 .6 8 3 .0 5 C4 FeCbO «
0 .6 5 5 7 .7 5 5 .0 8 S 5 , C aaA ljS iO í, g e h le n iu
0 .6 5 6 4 .51 2 .9 6 C4 AlSbO«
0 .6 5 9 4 .6 4 3 .0 6 C4 M gF s
0 .6 5 9 (7 .4 7 ) (4 .9 2 ) S 5 i (C a,N a)aB e(A l,S i)a-

(0 ,F )7,ra e lip h an it^
0 .6 6 0 4 .5 9 3 .0 3 C4 G aSbO«
0 .6 6 0 4 .7 1 3 .1 1 C4 N iF ,
0 .6 6 4 4 .5 8 3 .0 4 C4 CrSbO«
0 .6 6 5 4 .7 2 3 .1 4 C4 ZnFa
0 .6 6 7 6 . 0 1 1 4 .0 0 9 B25 N H «SH
0 .6 7 2 4 .7 2 3 .1 7 C4 SnOa
0 .6 7 4 4 .6 0 3 .1 0 C4 RhSbO«
0 .6 7 5 (7 .3 8 ) (4 .9 8 ) S 5 , (C a .N a )a B e S i^

(0 ,O H ,F )7. leuc<- 
p h a n ite

0 .6 7 8 4 .8 7 3 .3 0 C4 M nFa
0 .6 7 9 4 .7 0 3 .1 9 C4 CoF*
0 .6 8 3 4 .9 5 3 .3 8 C4 PbOa
0 .6 8 4 8 . 2 2 5 .6 2 P bPbzO * N iA s20«
0 .6 8 4 12 .32 8 .4 3 C(CH aO C«H »).
0 . 6 8 6 4 .9 3 3 .3 8 C4 P dF a
0 .6 8 7 8 .5 9 2 5 .9 0 5 P bP baO « FeSbaO«
0 .6 8 9 8 .6 8 5 5 .9 8 0 PbPbaO « M nSbaO*
0 .6 9 0 4 .5 1 3 .1 1 C4 RuO a
0 .6 9 6 4 .8 3 3 .3 6 C4 F e F ,
0 .6 9 6 8 .4 9 5 .9 1 PbPbaO « CoSbaO«
0 .6 9 7 8 .4 9 1 5 .9 2 0 P b P b 20« ZnSbaO«
0 .6 9 9 4 .4 9 3 .1 4 C4 IrOa
0 .6 9 9 8 .4 4 5 5 .9 0 7 P bPbzO « M gSbaO«
0 .7 0 7 4 .5 1 3 .1 9 C4 OsOa
0 .7 0 7 6 .1 8 4 .3 7 B25 7 -N H «I
0 .7 0 8 8 .3 5 5 .9 1 P b P b jO « NiSbaO«
0 .7 0 9 5 .7 0 4 .0 4 B25 7 -N H « B r ( ^ 1 7 3 °  K .)
0 .7 1 1 7 .7 8 5 .5 3 O B25 N (C H a)«C l
0 .7 1 2 8 .4 4 6 . 0 1 O B25 N (CH a)«M nO «
0 .7 1 3 7 .7 6 5 .5 3 O B25 N (C H a)»B r
0 .7 1 3 (9 .3 8 ) (6 .6 9 ) 0 6 C(CH aO NO a)«
0 .7 1 5 8 .5 6 6 . 1 2 A18 Cla (8 8 ° K .)
0 .7 1 8 10 .1 5 7 .2 9 D «-P 4 t2 , OsO»C«(CHa)a
0 .7 1 8 1 2 .0 4 8 .6 5 C a(O C l)a .3H aO

N(CHa)«C10«0 .7 2 2 8 .2 8 5 .9 8 O B25
0 .7 2 2 8 .7 2 6 .3 0 P bP bsO « SnPbaO«
0 .7 2 4 7 .9 4 5 .7 5 O B25 N (CH a)«I

PH «I0 .7 2 9 6 .3 4 4 .6 2 B25
0 .7 3 1 1 6 .5 3 1 2 .0 9 C daH g
0 .7 3 9 1 0 .7 6 7 .9 5 Naa(TiFe)Si«Oxa,

n a rs a rs u k ite
0 .7 4 2 8 .8 5 6 .5 7 P bP b-O « PbPbaO«
0 .7 5 2 9 .7 4 7 .3 2 C uaP d
0 .7 5 3 8 .4 3 6 .3 5 H 4 it AgaSO«.4NHa
0 .7 5 7 1 5 .6 3 11 .8 3 S 2 j CaioMgaAl«SiaO»«(OH )>

( C ontinued  on page 91 )
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0 .7 7 0  
0 .7 7 3  
0.780, 
0 .7 8 4  
0 .7 8 7  
0 .8 0 3  
0 .8 0 0  
0 .8 1 4  
0 .8 1 8  
0 .8 2 1

0 .8 2 5
0 .8 3 0
0 .8 3 0
0 .8 3 0
0 .8 3 2
0 .8 3 8

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

0 .8 7 3
0 .8 7 4
0 .8 8 0
0 .8 8 0
0 .8 8 0
0.888
0 .8 9 5
0 .9 0 1
0 .9 0 4

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

0 .9 3 5
0 .9 3 0
0 .9 3 0
0 .9 3 7

0 .9 3 8
0 .9 4 1
0 .9 4 8
0 .9 5 2
0 .9 0 0
0 .9 0 2 -
0 .9 0 2
0 .9 0 0
0 .9 6 7
0 .9 7 1
0 .9 7 4
0 .9 7 5
0 .9 7 0
0 .9 7 7
0 .9 8 1
0 .9 8 4
0.98G
0 .9 9 8
1.00
1 .003
1 .0 0 5  
1.01 
1.01 
1.01 
1.02 
1.02 
1.02
1 .03
1 .04
1 .04
1 .04
1 .0 4
1 .0 5
1 .0 5
1 .0 5
1 .0 6  
1.00 
1.00
1 .0 6

1 .0 8
1 .09
1 .0 9
1 .0 9
1 .13
1 .13
1 .14
1 .14
1 .14

Table IV  (Continued)

a, k X c, k X T y p e

9 .1 2 7 .0 2 C jf t-P 4 i/m
1 3 .2 1 0 . 2
1 0 .4 5 8 .1 4

8 .8 7 6 .9 5
(4 .7 9 ) (3 .7 7 ) C4
9 .2 9 7 .4 6 C */,-P 4/w
6 .0 5 2 4 .8 7 8 C16
6 .5 2 5 .3 1 C16
6 .6 4 7

1 5 .6
5 .4 3 4

1 2 . 8
C16

3 .8 9  
11.2 
11.2 
11.2 

5 .0 9 9  
11.1
5 .0 0 6  
5 .8 9 9
9 .7 6
9 .8 4  
4 .9 8 0  
6 .8 3 5  
6 .3 4 8
9 .2 5
9 .5 0
7 .1 3  
5 .7 4

8.02
7 .2 5

(6 .3 2 )  
6 .6 5 1

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

(0 .4 1 )
0 .8 9
5 .8 3
9 .6 9
4 .8 5  
8 .4 8

1 0 .5 8

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

7 .4 3
8 .5 9

(3 .8 5 )
3 .7 0
3 .7 7  
3 .7 6 7  
4 .1 8
3 .8 5  
3 .6 6  
4 .2 0  
8.12 
8.00
3 .7 7
8 .7  
3 .7 6 4  
8.01 

(3 .6 1 ) 
3 .7 5 2
6 .3 4  
7 .5 2
7 .7 0
3 .9 9
4 .9 6  

(6 .0 8 )
5 .0 7  
6 .2 9  
7 .8 1
6 .3 7  
5 .7 9
6 .3 5  

1 0 .2 9  
10 .6 4

7 .5 8
7 .9

12 .9 5
2 .8 4  
3 .8 9  
7 .4 5

22.0
4 .5 8 5
7 .5 0
8 .1 3  
8 .3 4
6 .7 0
7 .3 7

(5 .3 3 )  
7 .0 5

1 5 .8 4

3 .2 1
9 .3
9 .3
9 .3  
4 .2 4 0
9 .3

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

7 .0 0
6 .3 4  

(5 .5 6 )
5 .8 5 3

(9 .9 6 )
6.10
4 .4 4
5 .9 3
5 .5 4

(5 .8 1 )
6 .2 7
5 .3 5  
8 .9 2  
4 .5 1
7 .9 1
9 .8 8

3 .7 2  
3 .5 3 3
7 .1 2  
5 .4 6

6.97
8 .0 8

(3 .6 5 )
3 .5 8
3 .6 2
3 .6 2 4
4 .0 2
3 .7 2
3 .5 4  
4 .0 8
7 .9 1  
7 .8 0  
3 .6 8
8 .5  
3 .6 9 3
7 .8 8  
3 .5 6  
3 .7 4 4
6 .3 4
7 .5 4  
7 .7 4
4 .0 2
5 .0 3  

(8 .1 4 )
5 .1 6  
6 .4 2
8.00 
0 .5 8  
6.00 
6 .6 0

1 0 .5 5
11 .0 7

7 .9 6
8 .3  

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

2 3 .3

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

(6 .0 8 )  
8 .0 5

18 .0 1

HO
D * ,-P 4 2 ,c  
D J <i-P 42,c 
D * j - P 4 2 i c  
C16

C 16 
C16
N a B a P O ,
N a B a P O ,
C16
C16
C16
N a B a P O .
N a B a P O .
H O ,
G O ,

B37
H O ,
(E<5,)
C16

H O ,

H O ,
D J A-P 4 /n m m

(E6.)
H O ,

F i'i

Cj&M/m

n o
A6
H 2,
C ] t,-P4mffl

H 2 ,

A6
A6
Li’o
L10

j i i i

A6
J in
À6
(E3i)
H 2,
H2,
E2i
(L12)
(E3 0

C }-P4
H 4i
B34

B34

D j°" I4 i2
H 4 ,
H4j
C » r I4,/<,

(E2i)
H 4 ,

A6
H 4,
P h o sg e n ite
P h o sg e n ite
K jC rO ,
K iC rO i

kVCrOs
J3.

S u b s ta n c e

C (C O O C H ,) ,
LaA ),
C ,(C H ,),B r,
N (C ,H ,).I
TeO,
PC L  
A liC u  

• S n iF e  
S n iM  n
2 -H y d ro x y -1 0 -m e th o x y -

1 .2 ,3 ,4 ,5 ,6 ,7 ,8 ,13 ,14 .-
15 -d o d ecah y d ro ch ry -
sene

N iZ n
S i[S C (C H ,),]<
G e [S C (C H ,) i] ,
S n [S C (C H ,),]<
F e,B
(C H ,) ,C H S  -  

S i(S C (C H ,) ,] ,
C o jB
G e ,F e
N a B a P O .
K B a P O .
N ijB
P b iP d
S n iC o
N a S rP O .
K S rP O .
Y V O .
N H ,N O ,- I I  

(3 5 7 -3 9 8 °  K .)
TISc
C aC rO .
SrO ,.8H ,0
P b .R h
A g ,C a
Y P O .
~ Z r H ,
ZrSiO .
C u B ,0 ,.C u C l,.4 H iO .

b a n d y lite
S r (O H ) ,.8 H ,0
YAsO.
~ M n B i ,
H g(C N ),
P b ln ,- ,
A gCIO ,
(C a .N a) ,B e (S i.A l) ,-

(O .F J j.m e lip h an ite
A uC u
7 -M n
K H jA sO .
2 P b (O II) î .C u C lï,

d ia b o le ite
KHiPO*
A gB rO ,
W „ 0 „ ( 0 H ) ,
9 5 M n .5 C u
9 6 M n .4 P d
8 9 M n .l lC u
~ 7 0 M o - 3 0 N
F e P d
N iM n
6 2 M n .3 8 N
A g S b (O H ),
i r a ,> s-P d (N H ,),C l,
9 2 M n .8 N
P d (N H ,) , I ,
79 M n .2 1 C u
N a S b (O H ).
N i.M o
6 6 M n .3 4 C u
A g jH g l,
N H .H iP O .
N H .H iA sO .
BaTiO*
S rP b ,
C u iH g l.
Z rO , « 1 2 7 3 °  K .)
P t(N H ,) .P tC l<
R b ,C u C 1 ..2 H ,0
(P d , P t ,  N i)S
~ N i , S b
P dS
M g (C 1 0 ,) ,.6 H ,0
C rsN i
(N H .) ,C u C 1 ..2 H ,0  
(N H < ),C u B r..2 H ,0  
K A lS iiO i, le u c ite  
« -M a r te n s i te  
P b T iO ,
K ,C u C I ..2 H ,0
A 1 ,C „ 0 ,,.1 8 H ,0 ,

m e llite
In
(N H .) ,F e C 1 ..2 H ,0
P b jC liC O ,
P b ,B r,C O ,
K sC rO ,
Cs,TaO*
A gF O ,
R b ,T a O ,
K ,T lC ls.2H iO

a a , k X c, k X
1 .1 5 6 .2 7 7 .2 2
1 .1 5 16 .9 5 1 9 .4 5
1 .1 6 5 .9 9 7 .0 2
1 .1 6 6 .0 7 7 .0 3
1 .1 6 6 .0 9 7 .0 6
1 .1 6 6 .7 8 7 .8 6
1 .1 6 6 .7 8 7 .8 8
1 .1 7 2 .7 5 3 .2 1
1 .1 7 6 .3 6 7 .4 1
1 .1 8 5 .7 0 6 .7 3
1 . 2 0
1 . 2 0 4.’ 28 5 Ü 3
1 . 2 0 5 .6 7 6 .8 1
1 . 2 1 - 4 .0 5 - 4 .9 0 -

1 .31 3 .9 8 5 .1 0
1 . 2 1  • 6 .9 8 8 .4 2

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

1 .27 3 .8 0 4 .8 1
1 .2 8 (4 .1 4 ) (5 .2 8 )
1 .2 8 8 .8 1 1 1 .2 7
1 .2 8 11 .7 0 1 4 .9 5

1 .2 9 8 .9 7 1 1 .5 5
1 .3 2 2 .6 0 9 3 .5 3 3
1 .32 2 .7 8 3 6 6
1 .3 2 2^81 3! 72
1 .3 2 7 .2 2 9 .5 3

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

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

1 .3 6 2 . 6 6 3 .6 2
1 .3 6 7 .5 7 1 0 .2 8
1 .3 7 2 .5 9 3 .5 4
1 .3 7 2 .7 2 3 .7 2
1 .3 9 2 . 6 6 3 .6 9
1 .3 9 3 .4 6 4 .8 0
1 .4 0 4 .9 6 6 .9 2
1 .4 0 8 .7 5 1 2 .2 8
1 .41 2 .6 5 3 .7 4
1 .4 1 5 .0 0 7 .0 6

5 .4 8 7 .7 4
1 .41 8 ! 10 1 1 .3 9
1 .41 8 . 1 0 1 1 .4 5
1 .41 8 .3 2 1 1 .7 6
1 .41 8 .9 5 1 2 .6 5
1 .4 2 7 .8 8 1 1 .1 9
1 .4 3 1 2 .8 3 1 8 .3 8
1 .43 1 2 .9 8 1 8 .5 2
1 .4 4 6 . uy O . /  O

1 .44 1 2 .8 0 1 8 .4 0
1 .4 5 7 .4 9 1 0 .8 7
1 .4 5 9 .5 0 1 3 .8 1
1 .4 6 5 .5 4 8 8 .0 9 3
1 .4 6 (7 .7 4 ) (1 1 .3 1 )
1 .4 6 (7 .7 6 ) (1 1 .3 2 )
1 .4 7 3 .7 7 5 .5 2
1 .4 7 (7 .7 5 ) (1 1 .4 1 )
1 .4 8 5 .8 5 8 . 6 8
1 .4 8 7 .0 1 1 0 .3 6
1 .4 9 6 .6 5 9 .9 1
1 .4 9 7 .3 8 1 1 . 0 1
1 .5 0 6 .9 7  ’ 1 0 .4 3
1 .51 4 .1 4 0 .2 5
1 .51 4 .8 5 7 .3 3
1 .5 2 3 .2 4 4 .9 4
1 .5 2 4 .4 5 9 6 .7 9 6
1 .5 3 3 .9 9 2 0 .0 9 1
1 .53 4 .3 3 2 6 .6 4 0
1 .5 5 5 .6 0 5 8 .7 1 2
1 .5 6 5 .3 3 4 8 .3 0 5
1 .5 6 9 .0 7 1 4 .1 2
1 .5 7 5 .1 7 8 . 1 2
1 .5 7 5 .4 2 2 8 .5 3 6
1 .5 8 4 .4 8 7 .1 0
1 .5 8 5 .4 2 5 8 .5 7 9
1 .5 8 5 .4 2 7 8 .5 8 4
1 .5 8 6 . 2 0 9 .8 2
1 .5 8 9 .1 8 1 4 .4 7
1 .5 9 5 .7 4 9 .1 5
1 .61 4 .0 8 6 .5 6
1 .61 4 .3 9 7 .0 5
1 . 0 1 4 .5 7 7 .3 6
1 .6 3 6 . 1 2 9 .8 7
1 .61 8 .7 1 4 .0
1 .61
1 .6 3

4 .1 1
1 5 .0

6 . 6 8
2 4 .4

1 A 4 e  7 c Q A .01 . 0 4 O . /  O y . ‘t z
1 .6 5 3 .6 2 7 5 .9 7 3

T y p e S u b s ta n c e

C l l C sO ,
J 3 i R b ,T lB r , .8 /7 H ,0
C l l R b O ,
F 5 2 K N C O
F 5 2 K N ,
K jC rO , K aC bO ,
K .C rO , K ,T a O ,
L10 N iZ n
F S , R b N ,
C l l K O ,
C l l U C ,
O B21 C H .N H .C l
F S , K F H F
D ^ - P t /m n m P b O -B i.O ,

H S 1, C a ( 0 0 ,h ( P 0 , ) , .6 -

BIO L iO lI *3°
JI> K iO sO iC l,

a -L iB i
B Ï0 P bO

CfuN aA bSuO jB ,
sa rc o lite

B10 SnO
C l l T h C t

D j r P 4 /m cc
A6

Lib

A6
N aB l

A6
T > \* -l4 /am d
L10
L10
A6
N aB i
C30
D 5 ,
A6
C30

D 5 ,
D 5 ,
D5»
O J1 ,
D®ft-P 4 /m n c

04,i
K 7,
D J ft-P 4 /m m m  
D O ,,
H O ,
H O ,
B 10
H O ,
(H I,)
K 7 .

K 7 ,
J l .
Ö B21
A6
H O ,
C 38
H O ,
D O ,:
D O ,,
C £ r-P4cc

D O ,,
OB21
D O ,,
D O ,,
(H I,)
K 3 ,
( H I , )
C 38
Cll
O B21
( H l i )
K 3 ,
Cll
D JJ-I4 /n > m m

(H I,)
C38

C ,(C H ,) ,B r . 
F e i(T eO ,),.x H sO , 

m a ck ay R e  
S r(O H ), .811 ,0  
y-Mn 
N i-N  
A uC u
C .1 I.S  ( ~ 1 0 0 °  K .) , 

th io p h e n e  
5 P b C rO ,.3 P b M o O ,.-  

lO P bS O .
9 5 M n .5 C u
M g ln
(C a ,N a ) ,B e S ii(O .O H ,F ) ,,

le u co p lian ite
8 9 M n .l lC u
B a (C H ,C O O ),
N iM n
F e P d
7 9 M n .2 1 C u
N aB i
S iO ,
C d ,P ,
6 0 M n .3 4 C u
A1PO.
L iiO i
N i.S b .
Z n ,P ,
Z n ,A s,
C d jA a ,
[N (C H ,) .] ,S iF ,
B ,0 ,-2 4  W O ,.6 6 H ,0  
H .S iW „ 0 « .3 1 H ,0  
C tC H iO H ), 
(N H ,) ,B W j,0 .o .2 6 H ,0  
C s jA u A u C b  
C u C l.3 S C (N H ,) i  
T iG a 3
Y (C b . T a ) O.
Y C b O .
F eS e
Y T a O .
C uFejO *
N asA ljF ,.
N a ,0 ,
C s,A gA uC L
A g C o (N H ,) ,(N O ,) .
P b fC lO ,) ,
C ,H ,N H ,I  
In
B A sO .
C u ,S b
BPO*
ZrGa,
V A b
[ N (C H ,) ,(C ,H .) ,] ,S dC1<
~ F e , T i
T a A l,
C ,H ,N H ,C 1
TiAl,
C b A l,
C a ln iO .
C aiC o C l,
Z n M n iO .
M n ,S b
B a C ,
C ,H ,N H ,B r
C d ln iO .
R baC oC l,
S rC ,
~ P b C l i .C ù ( O H ) j ,

c u m en g e ite
M n M n jO .
F eiA s

(C on tinued  on page 93)
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TI AI F*

(NH4)£ SIF8 -NH4 F

S o j
w “

KF' C04  S¡8 OfcO'SHgO 
(opophyllite)

nnnVNf nan
\ t t f f

CûgZn SIjO7 
(hordystonite)

0 B 2 5
N (CH j ) 4 I

c o ( n h 2)£

12

C(CH£ 0H )4

0 6
C ( O )

(CHjCHO)«

Log d + Constant

•« n i »  in i * e •
o  o  o o  o O  o  o
o  ■o *<* - o  w <rs  « nio to<e m v e §nm

Figure 4 . Representative Diffraction Patterns of Tetragonal Structures
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Table IV  (Continued)

a o, k X c, k X T y p e

1.65 3 .8 2 6 .3 0 C l l
1.65 3 .8 7 6 .3 7 C l l
1.65 4 .3 8 7 .2 2 E O i
1 . 6 6 3 .8 5 6 .3 8 C l l
1.67 3 .5 4 5 .9 1 C l l
1.67 3 .7 5 6 .2 8 C l l
1 .67 3 .7 6 6 .2 7 C38
1.67 3 .8 7 6 .4 8 C l l
1 .67 3 .9 2 6 .5 5 C l l
1 . 6 8 4 .1 0 6 . 8 8 E O i
1 . 6 8 9 .9 3 16 .7 0

1 .69 5 .8 3 9 .8 8 T > \l-U /a m d

1.71 4 .6 5 7 .9 3 E O i
1.71 8 .3 9 1 4 .3 4 K3«
1 .72 5 .0 9 8 .7 6 O B20
1.72 8 .4 1 1 4 .5 K3*
1.73 3 .5 5 6 .1 4 H O .
1.73 3 .6 2 6 .2 6 HO®
1.73 8 .1 4 1 4 .1 K3*
1 .74 3 .0 3 5 .2 6 B17
1.75 3 .6 1 3 6 .3 3 3 C38
1.75 5 .1 1 8 .9 6 O B 20
1.76 3 .0 3 5 .3 2 B17
1.76 3 .4 7 6 . 1 0 B17
1.76 3 .6 1 6 .3 7 HO®
1.76 3 .8 9 6 .8 3 E O i
1.76 4 .0 9 7 .2 1 E O i
1.76 9 .0 0 1 5 .8 4 S 5i

1 .77 3 .5 9 6 .3 5 H O .
1.79 3 .7 8 6 .7 7 C l l
1 .79 1 4 .3 8 2 5 .8 0 D i° - I4 i2
1.81 5 .7 2 1 0 .3 7
1.82 4 .1 8 7 .5 9 È ’Ô i
1 .82 5 .6 6 10 .3 0 E l i
1 .83 4 .1 6 7 .6 1 D J J - P 4 /m c m
1.84 1 0 .7 1 9 .7
1 .85 3 .5 5 6 .5 5 C l l
1 .89 3 .8 9 7 .3 7 E O i
1.89 4 .1 9 7 .9 4 E2f
1 .90 2 .6 9 5 .1 0
1.94 4 .7 0 9 .1 0 FeTaaO®
1.94 4 .7 1 9 .1 2 FeTaaO®
1.94 4 .7 3 9 .1 6 FeTaaO®
1.95 4 .7 0 9 .1 8 FeTaaO«
1 .95 4 .7 1 9 .1 8 FeTaaO®
1.95 7 .8 0 15 .23

1.97 (4 .2 8 ) (8 .4 2 ) C l l
1 .97 5 .2 6 1 0 .3 7 E l i
1 .97 5 .4 6 1 0 .7 3 H2®
1 .98 1 3 .9 9 2 7 .7 0 D i° - I4 i2
1 .99 4 .0 2 8 . 0 2
1 .99 9 .5 0 1 8 .9 3 D ÎÎ -1 4 /a a *

2 . 0 0 1 3 .7 9 2 7 .6 0 D l° - I4 i2
2 .0 3  ' 1 5 .4 3 1 .2

2 .0 6 2 .8 3 5 .8 2
2 .0 6 3 .9 2 8 .0 9 D O ai
2 .0 7 3 .9 2 8 . 1 1 E O i
2 .0 8 5 .4 2 1 1 .3 D J3 -I4 2  d
2 . 1 0 (3 .8 9 ) (8 .1 7 ) C l l
2 .1 4 7 .5 0 1 6 .0 5 D®A-P 4 /n c c
2 .1 5 5 .9 4 1 2 .8 0 HO®
2 .1 6 1 2 .9 8 2 8 .1 0 0 4 u

2 .1 7 5 .1 5 1 1 .1 7 HO®
2 .1 7 5 .2 4 1 1 .3 8 HO®
2 .1 7 5 .3 5 1 1 .6 3 HO®
2 .1 8 5 .3 2 1 1 .5 9 HO®
2 .1 8 5 .3 2 1 1 .6 0 Lai(M oO < ) i
2 .1 8 5 .3 4 1 1 .6 3 HO®
2 .1 9 5 .2 3 1 1 .4 4 HO®
2 .1 9 5 .2 7 1 1 .5 5 HO®
2 .1 9 5 .2 9 1 1 .5 8 L a i(M o O i)*
2 .1 9 5 .3 6 11 .7 2 HO®
2 . 2 0 3 .7 7 8 .3 1 D O «
2 . 2 0 3 .9 6 8 .7 1 D O »
2 . 2 0 5 .2 3 1 1 .5 0 H O*
2 . 2 0 5 .3 1 1 1 .6 7 H O*
2 . 2 0 5 .3 3 1 1 .7 0 H O*
2 . 2 0 5 .4 0 1 1 .9 0 H O *
2 . 2 0 5 .7 5  • 1 2 .6 3 HO*
2 . 2 0 5 .8 7 1 2 .9 4 H O*
2 . 2 0 5 .8 7 12 .9 4 HO*
2 . 2 1 5 .3 3 1 1 .7 8 Lai(M oO «) i
2 . 2 1 5 .3 5 11 .8 4 L a i(M oO *)i
2 . 2 1 5 .4 4 1 2 . 0 1 H O *
2 . 2 1 5 .4 4 12 .0 3 HO*

S u b stan ce

N dC i
C iiC i
B aF C l
P rC i
C aO :
S m C j
M niA s
C eC i
L aC r
S rF C l
I -C o (N H ,.C H ,.C H ..-  

N H ,) ,B r . .H ,0  
O C uO .C ujO , p a ram e la  

con ite  
B A F I 
N H .P b sB r.
C H iN H iB r
R b P b iB r i
KA1F,
R b A lF .
K P b iB ri
P dO
C rjA s
C H j N H i I
P tO
P tS
T IA lF i
C a F C l
P b F C l
K Ca.SiaO :oF.8 H iO ,

a p o p h y llite
N H .A 1F .
B aO :
K U O i(C H .C O O ).
a -P t(N H .)»C l<
P b F B r
A gF eS j
N H .C N
(C ,H ,).A s .A g I
S rO i
B iO C l
N H .H g C Ii
F eS i,
N iT aiO a
F c(C b ,T a )jO a , m ossite  
C oT aiO s 
M g T a iO i 
F eT aiO a, ta p io lite  
P b (C l,O H )j4 P b O .-  

2 F eiO j, h â m a to p h a n -  
ite  

K H C i
C u F eS i, c h a lc o p y rite  
C u iF eS nS a, s ta n n i te  
K U O t(C H ,C O O )j 
H ,O j
3M njO i.M nSiO a,

b ra u n ite
N H iU O îC C H aC O O ).
P b iC u .C b o O c 6 H jO ,

p seu d o b o le ite
~ C u G a i
T iG a j
B iO B r
(B i,W )s-nO u  ru sse llite  
N a H C i
BaFeSU Oio, g illcsp ito  
N H .IO .
A gU O :(C H iC O O )i.-

xH iO
C d M o O i
C aW O .
N a L a (W O .) .
N aC e(W O ,).
P r j(M o O .)i
L iL a (W O i)j
C aM o O .
N aB i(M oO «)i
N d i(M o O .)i
N aR eO .
V A b
Z rG aj
L iB i(M oO <)i 
Li L a (M  oO<) i 
N aL a(M oO *)j 
SrWO<
K IO .
R b lO .
N H .R e O .
CeaiM oOO a
L a R M o O d i
P b W O .
K L a(W O t)j

a a, k X c, k X T y p e S u b stan ce

2 . 2 2 5 .3 8 11 .9 2 H O* K B i(M oO *)j
2 . 2 2 5 .3 9 1 1 .9 4 H O , K C e(W O *)j
2 . 2 2 5 .6 2 12 .5 0 H O* KReO*
2 .2 3 3 .8 3 8 .5 4 D O 22 TaA U
2 .2 3 5 .2 2 1 1 .6 2 L ai(M oO *) * S nj(M oO «)i

AgKeO*2 .2 3 5 .3 5 11 .92 H O*
2 .2 3 5 .3 7 11 .9 6 HO* SrMoO®
2 .2 3 5 .4 1 1 2 .0 8 HO* PbMoO®
2 .2 3 5 .4 2 1 2 . 1 1 HO* KLa(M oO®)i
2 .2 4 3 .8 3 6 8 .5 7 9 D O » TiAU
2 .2 4 3 .8 3 7 8 .5 8 4 D O » CbAla
2 .2 4 5 .3 2 11 .9 3 HO* N alO *
2 .2 4 5 .3 7 1 2 . 0 1 HO* AglO*
2 .2 6 5 .6 2 12 .7 0 H O* BaW O*
2 .2 7 5 .8 0 13 .17 HO* R bReO *
2 .2 8 4 .0 1 9 .1 4 E O i B iO I
2 .2 9 5 .5 6 12 .7 6 H O* BaMoO®
2 .3 0 5 .0 8 11 .6 9 HO* BiAsO*
2 .3 1 5 .7 6 13 .3 3 HO® /3-TlReO® (400° K .)
2 .3 2 5 .6 5 13 .0 8 H O , K O sO aN
2 .3 6 4 .9 2 11 .6 2 D 3i Hgala
2 .3 6 5 .4 6 1 2 .8 9 HO* K C rO aF
2 .3 6 10.09 2 3 .8 5 Ca®Ha®N®, ac e tony lpy»  

ro l
2 .3 9 4 .6 5 1 1 . 1 0 D 3i H gaB rj
2 .4 0 1 0 . 0 2 4 .0 D \% -l4 i/am d c ts - [ P t( N H ,)  (CaH*)Claji
2 .4 2 1 2 .5 3 0 .2 5 6 P b (S , T l)a.A uTla. nag

3’a g ite
2 .4 4 4 .4 6 1 0 .8 9 D 3t H g îC lî
2 .4 5 3 .2 1 7 .8 8 C20 W Siî
2 .4 6 3 .2 0 7 .8 6 C20 M o S iî
2 .4 6 4 .5 3 1 1 .1 4 D l , Al*Ba
2 .4 7 6 .2 9 15 .5 5 (C H 2C O )aN l
2 .4 8 4 .4 5 11 .04 D l i Al*Sr
2 .51 3 .7 5 9 .4 3 C5 TiOa
2 .5 2 5 .6 1 1 4 .1 3 HO* • CsSO aF
2 .5 3 5 .7 2 14 .50 HO* C sC rO aF
2 .5 4 4 .3 5 11 .07 D l , Al*Ca
2 . 6 8 7 .0 4 18 .88 CaNa*Al,j(PO*)g(OH;i® .

6 H 2O, vvardite
2 .8 0 6 .4 0 1 7 .9 5 D ^-P 4 i2 C»H*0«N*, i-sp iro -5 ,5 '

• d ih y d a n to in  
f (N H 2) îC N H l2.HîCO» 
T l(C H a)aI

2 .8 0
2 .81

6 .9 5
4 .7 8

1 9 .4 5
1 3 .4 3 T i(C H j) jl

2 .8 2
2 .8 2

7 .0 3
7 .2 5

1 9 .8
2 0 .4 7

2 ,4 ,6 (C«H 2) I ( N 0 2 )a 
C#H* (1,2 ] (COCaH»)a

2 .8 3 4 .3 6 1 2 .3 6 C Ï3 H g lî
2 . 8 8 2 .9 9 8 8 .6 3 0 C48 C rjA l
2 .91 7 .0 5 2 0 .5 D ^J-14  fm m m C u (U 0 2 )2(P 0 *)a.8 Ha0

to rb e r i te
2 .9 5 6 .9 9 2 0 .6 3 H5® C aiU O aJa iP O iJa .iO V .

2 .9 5 5 .1 8 1 5 .3 O B20 C «H »N H ,I
2 .9 6 5 .0 2 1 4 .8 5 O B 20 C*H9N H ,C 1
2 .9 8 3 .6 6 1 0 .9 D 3 i HgaFa
3 .0 2 5 .9 6 1 7 .9 9 CaH*(NHa)a.HaSO*

C*H9N H aB r3 .0 3 5 .0 2 1 5 .2 3 O B20
3 .0 8 4 .4 7 1 3 .7 8 T 1 (C H j)2I T l(C H a)aB r
3 .1 3 3 .8 4 0 1 2 .0 3 D ^J-14 /m m m LiBiaO*Cla
3 .1 3 3 .8 7 7 12 .1 3 L iB ijO *C l; N aBiaO iCU
3 .1 6 5 .5 1 3 1 7 .4 2 2 M nSia
3 .2 0 3 .9 2 5 12 .5 5 L iB ijO «Clj NaBiaO*Bra
3 .2 0 3 .9 4 3 1 2 .6 2 L iB iiO *C h CdaBiaOiBra
3 .2 2 3 .8 7 6 1 2 .4 7 LiBijO*Cl? LiBiaO*Bra
3 .2 7 4 .2 9 1 4 .0 2 T 1 (C H ,)2I T l(C H a)aC l

C sH nN H aC l3 .3 3 5 .0 1 16 .7 0 O B20
3 .3 4 3 .9 7 13 .2 4 LiB iiO iC U CdaBiaO*Ia
3 .3 4 3 .9 9 0 13 .31 LiBijO*Cia NaBiaO«Ia
3 .3 5 3 .9 4 1 13. 19 L iB ijO *C li LiBiaO*Ia
3 .3 5 5 .1 6 1 7 .3 O B 20 C aH n N H a l
3 .4 0 5 .0 0 1 7 .0 O B 20 C iH n N H a B r
3 .4 7 4 .1 3 14 .3 5 B \ l - U / a m d ThSia
3 .6 8 5 .0 7 1 8 .6 5 Z n P j ZnPa
3 .7 3 5 .2 8 1 9 .7 0 Z n P i C dP a
3 .7 8 5 .1 6 1 9 .5 0 O B 20 C«H iaN H aI
3 .9 1 4 .0 9 1 5 .9 9 LaaMoO®
3 .9 3 4 .9 8 19 .5 5 O B 20 C iH iaN H aC l
4 .0 2 4 .9 3 1 9 .8 O B 20 C«H iaN H aBr
4 .0 3 15 .4 6 2 .0 P b 9C u 8AgaClai0 ®.9 H»O.

b o le ite
4 .1 5 5 .1 8 2 1 .5 O B 20 C aH isN H al
4 .2 5 4 .9 6 2 1 . 1 O B 20 C aH uN H aC l
4 .3 2 4 .0 0 3 1 7 .2 9 D O » ZrAla
4 .5 8 5 .1 8 2 3 .7 O B 20 C sH n N H al
4 .5 9 7 .3 2 3 3 .6 D J-P 4 i2 , /3 -m ethy l d-glucoaide
5 .4 2 5 .1 8 2 8 .1 O B 20 C ioH aiN H al
5 .7 6 3 .7 8 2 1 .7 7 B e y e rite
5 .8 8 5 .1 8 3 0 .4 6 O B 20 C uH aaN H al
6 .0 3 5 .1 8 3 1 .2 4 O B 20 CiaHaaNH al
6 .7 4 5 .7 3 8 .4 Ci*H »O ai2,7](N O a)i.

2 ,7 -d in itro a n th ra -
qu in o n e

[End of article on Diffraction Data]



Application of Colorimetry to the A nalysis of 
Corrosion-Resistant Steels

Photometric  Determination of C o p p e r

O S C A R  I. M IL N E R  

Industrial Test Laboratory, United States N avy Yard , Ph iladelphia, Pa.

Photometric measurement of the cuprammonium io n , C u(N H j)4++, is 
best made at 580 m illim icrons, where the effects of ammonia con­
centration and other ions that may be present are negligible. Inter­
ference at 62 0  m illim icrons, the region of maximum sensitivity, is 
significant. A  rapid procedure, applicable to low-alloy and corro­
sion-resistant steels, is given and data are presented in support of the 
valid ity of the method.

DU R IN G  an investigation of methods for the determ ination 
of low percentages of residual elements in corrosion-re­

sistant steels (1, 2, 10, 14 ), a  rapid photom etric determ ination of 
copper was developed which is more easily adapted to  routine 
use than  the usual gravim etric a-benzoinoxime procedure (6‘) or 
th a t in which copper is separated as thiocyanate and titra ted  
iodometrically (7).

The colorimetric determ ination of copper by conversion to the 
cuprammonium iori, Cu (N H 3)4 + +, has been used for a  num ber of 
years (3, 13, 13). The principal objection to  the m ethod is th a t 
the color is a  function of the am m onia concentration which, be­
cause of the volatile nature of the reagent, is not always easily 
controlled.

Mehlig, in the analysis of copper ores (8), has overcome the 
difficulty by destroying the color of the ammine w ith cyanide, 
estim ating the copper by the difference in spectrophotom etric 
transmission before and after the cyanide addition. Yoe and 
B arton (id) suggest the use of less volatile triethanolam ine for 
the photoelectric m easurem ent of the cuprammonium color. 
Among organic reagents suggested for the colorimetric deter­
m ination of copper, sodium diethyldithiocarbam ate (3), dithizone 
(4), and 1,10-phenanthrolinc (11) have been found applicable.

I t  was believed, however, th a t the full possibilities of the use of 
ammonia for the photom etric determ ination of copper had not 
been explored and an investigation of conditions was begun.

S P E C T R O P H O T O M E T R IC  IN V E S T IG A T IO N

In  spectrophotom etric studies previously m ade (9, 16) it  has 
been found th a t both absorption by the copper-ammonia com­
plex and wave length of maximum absorption increase w ith the 
ammonia concentration. A t the usual concentration of about 
3 N ,  maximum absorption is a t 620 millimicrons. From  one of 
these studies (16), however, i t  was observed th a t the transm is­
sions of two solutions containing 100 p.p.m. of copper w ith am­
monia concentrations of 0.4 M  and 2.5 M ,  respectively, coin­
cided a t about 560 millimicrons. From  th is it appeared th a t if 
there were a spectral band a t which the amm onia concentration 
had a  negligible effect, the absorption of the copper-ammonia 
complex a t  such a wave length could be conveniently utilized for 
the accurate photom etric determ ination of copper. Accordingly, 
four solutions were prepared, each containing 2 mg. of copper (as 
the sulfate) and an excess of ammonium hydroxide (0.90 specific 
gravity) varying from 5 to  20 ml. T he solutions were diluted to 
100 ml. in flasks which were stoppered to  prevent escape of am­
monia, then rapidly transferred to  absorption cells and trans­
missions im mediately measured by a General Electric recording 
spectrophotom eter set for a  spectral band width of 10 millimi-

crons. T he curves obtained (Figure 1) intersected a t approxi­
m ately 580 millimicrons, bu t, in agreem ent w ith the results of the 
previous investigations, there were considerable differences in 
the region of maximum absorption. The spectrophotom etric 
transmission measurem ent was repeated for two series of solu­
tions containing 5 and 10 mg. of copper, respectively, w ith anal­
ogous results (Figure 1).

The absorptions of the solutions were then measured w ith a 
K lett-Sum merson photoelectric colorimeter, using a filter with 
maximum transmission a t  5S0 millimicrons and a 4-cm. glass 
absorption cell. The galvanom eter scale readings, which are 
logarithmic on this instrum ent, were found to be alm ost directly 
proportional to  the copper content. The difference in colorimeter 
readings between solutions containing the same am ount of copper 
bu t different ammonia concentrations was negligible. Measure­
m ent of the same solutions using a filter with maximum transm is­
sion a t 620 millimicrons, however, gave readings which decreased 
proportionately w ith a decrease in am m onia concentration; a  
solution containing the equivalent of 0 .20%  of copper with a  20- 
ml. excess showed only 0.16%  present w ith a 5-ml. excess.

Müller (12) found th a t Beer’s law holds for the  copper-ammonia 
complex up to  concentrations of about 1 gram of copper per liter, 
using a filter transm itting  in the region of maximum sensitivity. 
The au thor’s series of measurem ents a t 580 millimicrons, however, 
shows the curve of concentration vs. log transmission to  deviate 
slightly from linearity a t concentrations above 60 mg. per liter.

Figure 1 . Transmittance of Am m oniacal Copper Solutions 
(4-Cm . C e ll)

Se I No,

A
B
C

Copper 
Concentration 
M g./100 m l.

2
5

10

Curve N o.
NH < O H

Excess
Ml,

5
10
15
20

94



February, 1946 A N A L Y T I C A L  E D I T I O N 95

Table I. Determination of Copper in Steel
C o p p er C o p p e r

S am p le T y p e  of S tee l P re se n t
%

F o u n d
%

N .B .S . 19d P la in  ca rb o n 0 .1 5 8 0 .1 6
N .B .S. 34a P la in  ca rb o n 0 . 2 2 2 0 . 2 2
N .B .S. 35a P la in  ca rb o n 0 .2 6 7 0 .2 7
N .B .S. 73a 14%  C r 0 .0 8 0 0 .0 8
N .B .S . 101b 18%  C r -9 %  Ni 

18%  C r -1 0 %  Ni 
0 .4 %  T i

0 .1 6 “ 0 .1 6
N .B .S. 121a 0 .0 8 “ 0 .0 6

N .B .S. 133 14 %  C r - 0 .6 6 %  M o 
2 0 %  C r -1 0 %  N i

0 .0 6 1 0 .0 6
L ab . N o . T -1757 0 .3 0 1 0 .3 1

4 .1 %  M n , 0 .2 2 %  C o
0 .1 3 iL a b . N o . T -2284 2 7 %  C r - 2 2 %  N i 

1 .8 %  M n
0 .1 3

L a b . N o. T -2285 2 1 %  C r-1 1 %  N i 
4 .6 %  M n , 0 .2 3 %  C b

0 .2 5 !’ 0 .2 5

“ P ro v is io n a l v a lu e .
* D e te rm in e d  b y  C u C N S -N a rS jO j-K I  t i t r a t io n  m e th o d .

P R E L IM IN A R Y  S E P A R A T IO N

I t  was found th a t  th e  necessary prelim inary separation of the 
copper is m ost rapidly and conveniently made by precipitating 
as the sulfide w ith thiosulfate (7). The copper precipitate is 
ordinarily accompanied by some iron, manganese, and free sulfur. 
Silica m ay also separate out during the dissolution of the sample, 
b u t can easily be eliminated by a  few drops of hydrofluoric acid. 
Iron is precipitated upon the subsequent addition of ammonia 
and m ay be filtered off prior to  the colorimetric estimation. 
Free sulfur and small am ounts of manganese are removed with 
the iron; larger quantities of manganese, th a t m ay be coprecipi­
ta ted  w ith the copper sulfide from special steels containing as 
high as 4 or 5%  of this element, frequently escape immediate 
precipitation w ith the amm onia bu t come down slowly upon 
standing. In  th is case, quantitative separation m ay be made by 
the addition of an oxidant, such as ammonium persulfate, to the 
am m oniacal solution.

In  the proposed method, the impure copper sulfide precipitate 
is returned to  the original flask after filtration and decomposed 
by the use of a m ixture of nitric and perchloric acids, instead of 
being ignited to  mixed oxides and redissolved in nitric acid. 
Perchlorates do no t interfere w ith the copper-ammonia color (5); 
however, a  minimum of perchloric acid is used to  avoid formation 
of slightly soluble ammonium perchlorate crystals. The dis­
solution of corrosion-resistant steels, especially those of the 
25%  Cr -20%  N i types, frequently proceeds slowly in sulfuric acid 
alone. Accordingly, a  m ixture of hydrochloric and sulfuric acids 
is used to dissolve the sample.

A P P A R A T U S  A N D  R E A G E N T S

Klett-Sum merson Photoelectric Colorimeter, Research model.
4-Cm. Glass Absorption Cell.
Glass Filter, transmission maximum a t 580 millimicrons.
Solvent Acid M ixture. Add 250 ml. of concentrated hydro­

chloric acid to  a  m ixture of 600 ml. of w ater and 150 ml. of con­
centrated sulfuric acid.

Sodium Thiosulfate Solution, 50%. Dissolve 500 grams of so­
dium thiosulfate in 500 ml. of water.

N itric-Perchloric Acid M ixture. Mix 250 ml. of concentrated 
nitric  acid and 80 ml. of perchloric acid (70 to  72%).

Ammonium N itra te  Solution, 1%. Dissolve 10 grams of am ­
monium n itra te  in 1 liter of water.

P R O C ED U R E

Transfer 5 grams of sample to  a  covered 500-ml. Erlenmeyer 
flask and dissolve by warming gently w ith 100 ml. of solvent acid 
mixture. W hen dissolution is complete, remove the cover glass, 
add a  few drops of hydrofluoric acid (48%), and boil for several 
minutes. D ilute to  about 300 ml., heat to  gentle boiling, and 
carefully add 20 ml. of sodium thiosulfate solution in 3- to 5-ml. 
increments. Continue the boiling until the precipitate is well

coagulated (usually 15 to  20 m inutes). D ecant the ho t solution 
through a coarse filter, rinse, and wash well w ith ho t water.

R eturn  the paper and precipitate to  the original flask and add 
35 ml. of nitric-perchloric acid mixture. Swirl the flask until the 
contents are thoroughly moistened by the acid mixture. H eat a t 
a  m oderate tem perature until the paper is decomposed and the 
sulfides are oxidized to yellow beads of free sulfur. Continue the 
digestion until dense fumes of perchloric acid are evolved, then 
allow to cool.

Add 35 ml. of water, neutralize w ith ammonium hydroxide, 
and add an excess of 2 to 3 ml. H eat to boiling. (If the steel is 
known to contain more than  1%  of manganese, use an excess of 
10 ml. of ammonium hydroxide, and add 2 grams of ammonium 
persulfate crystals to  the boiling solution.) Continue the boiling 
for a  m inute or two, testing with a  piece of litm us paper to  ensure 
th a t the solution is still ammoniacal. Allow to cool to room tem­
perature and filter through a  coarse filter paper into a 100-ml. 
volumetric flask. Add 20 ml. of ammonium hydroxide to the 
filtrate. Rinse and wash w ith ammonium n itra te  solution until 
the level in the flask ju s t reaches the m ark. Stopper, and mix 
well.

Set the zero point of the colorimeter w ith diluted ammonium 
hydroxide (1 to 4). Transfer a portion of the unknown solution 
to the absorption cell and obtain the colorimeter reading. Con­
vert to percentage of copper by reference to a calibration curve 
prepared for the instrum ent by the use of portions of a standard 
copper n itra te  solution.

A C C U R A C Y  A N D  PREC IS IO N

Application of the method to the determ ination of copper in 
N ational Bureau of S tandards and laboratory standard  samples 
gave the results shown in Table I. The accuracy is comparable 
to th a t of other commonly used procedures. The precision of the 
method is good; the average deviations for N .B .S. samples 73a 
and 101b were about 0.002%.

C O N C L U S IO N

The method is rapid—a set of 12 determ inations can be com­
pleted in 2 hours after the samples have been dissolved. T he 
speed of dissolution varies w ith the alloy composition and fineness 
of the sample; from 1 to 3 hours are required for corrosion- 
resistant steels, less for slightly alloyed steels.

Interference by other elements is negligible. Experim ents have 
shown th a t in the analysis of corrosion-resistant steels no chro­
mium or nickel is coprecipitated w ith the copper sulfide even 
when the am ounts present run as high as 25%  of each. However, 
small am ounts of chromium, in the form of undecomposed car­
bides, m ay accompany the copper sulfide from special corrosion- 
resistant steels of high carbon content. T he subsequent fuming 
with perchloric acid partially  decomposes these carbides and  oxi­
dizes the chromium to  chromic acid which passes into the filtrate 
w ith the copper-ammine. The author found th a t an ammoniacal 
copper solution containing 1000 parts  of chromium (as chrom ate) 
per million showed an error of less than  0.002% —w ithin the pre­
cision of the method. If desired, however, th is slight interfer­
ence may be completely eliminated by reducing the chromium 
with a  few drops of hydrogen peroxide after the fuming w ith per­
chloric acid and removing as the insoluble hydroxide w ith the iron.

Although m olybdate is included by Mehlig in a list of interfer­
ing anions (9), there was no m easurable increase in absorption at 
580 millimicrons upon the addition of 0.075 gram of molybdic 
acid (MoOs) to  several of the tes t solutions. T his quantity  of 
m olybdate is equivalent to  th a t formed from a  steel containing 
1%  of molybdenum, assuming 100%  coprecipitation of molyb­
denum w ith the copper.

T ungsten is occasionally present in corrosion-resistant steels in 
low residual amounts. I t  is, for the m ost part, removed during 
the course of the analysis; traces th a t m a3' remain do no t cause 
significant interference.
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T o e  o p in ions  ex p ressed  a re  th o se  of th e  a u th o r  a n d  a re  n o t to  b e  co n s tru e d  
as reflec tin g  th e  official v iew s of th e  N a v y  D e p a r tm e n t ,  th ro u g h  w hose  p e r ­
m ission  th is  a r t ic le  is p u b lish e d .

Colorimetric Determination of Nitrites
B . F . R ID ER  w i t h  M . G . M E L L O N  

Purdue U niversity , Lafayette , Ind.

A  General Electric recording spectrophotometer and a Beckman 
ipectrophotometer were used to determine the effect of reagent con­
centration, order of addition of reagents, p H , temperature, light, n i­
trite concentration, and the presence of 68 diverse ions on the reddish 
purple coloration produced b y  4-aminobenzenesulfonic acid (sul- 
fanilic ac id ) and 1-aminonaphthalene (a-naphthylam ine) in the 
presence of nitrous acid . Reliab le determinations can be made in 
the range of 0 .02 5  to 0 .6 0 0  p .p .m . of nitrite ion in a 2-cm. ce ll. 
A s  little as 0 .0 0 0 5  p.p .m . of nitrite nitrogen can be determined by 
the use of 24-cm. Nessler tubes. Time must be allowed for com­
plete diazotization before the coupling agent is added. Diazotiza- 
tion is carried out in strongly acid ic solution at room temperature in 
diffuse light, and the system is buffered to p H  2 .0  to 2 .5  for 
coupling.

FOR decades sm all am ounts of n itrite  have been determined 
colorimetrically. T his determ ination usually depends upon 

diazotization and coupling reactions. N itrites react w ith pri­
mary arom atic amines in  acidic solutions w ith the formation of 
diazonium salts which will couple w ith certain compounds to 
form intensely colored azo dyes.

M any procedures have been given for the diazotization of 4- 
aminobenzenesulfonic acid (sulfanilic acid) and  coupling w ith 1- 
am inonaphthalene (a-naphthylam ine) (I , 8, 10, 13). Wallace 
and N eave {18) proposed the use of ¿V.N-dimethyl-l-amino- 
naphthalene as the coupling agent. This has been used by 
some (5, 6). B ratton  and M arshall (3) investigated new cou­
pling agents for diazotized 4-aminobenzenesulfonamide (sulfanil­
amide) and found lV -(l-naphthyl)-ethylenediam ine dihydro­
chloride m ost satisfactory. Shinn {15) and K ershaw  and  Cham ­
berlain (3) made use of 4-aminobenzenesulfonamide and this 
coupling agent for the determ ination of nitrites.

T his paper embodies the results of an  investigation of the use 
of 4-aminobenzenesulfonic acid and 1-am inonaphthalene which 
is recommended by the American Public H ealth  Association (1). 
The present investigation was undertaken to  determine the 
sources of error in the m ethod still officially recognized.

E X P E R IM E N T A L  W O R K

A p p a r a t u s  a n d  S o l u t i o n s . T ransm ittancy measurements 
were m ade w ith a General Electric recording spectrophotom eter 
operating w ith a spectral band w idth of 10 m y, and w ith a  Beck­
man spectrophotom eter operating w ith a  band w idth of ap­
proximately 1 m y. E quivalent am ounts of reagents were added 
to distilled w ater in the reference cell. All pH  determ inations 
were made w ith a  glass electrode pH  meter.

To prepare a  stock solution of sodium n itrite  (14) a  solution 
containing about 1 gram of the  sa lt in  100 ml. was aliquoted and

analyzed by titra tion  w ith potassium perm anganate according 
to  the U .S .r. method (17). An accurately known solution con­
taining 5 p.p.m . of n itrite  ion was prepared by suitable dilution 
of an aliquot. This solution is stable when protected from bac­
teria  and carbon dioxide of the air. T he use of boiled water 
helps eliminate both bacteria and carbon dioxide. One milli­
lite r of chloroform per liter can be added to  prevent bacterial 
growth and does no t interfere w ith the color reaction. One-tenth 
gram or less of sodium hydroxide per liter m ay be added to  pre­
ven t the liberation of the unstable nitrous acid by carbon dioxide 
of the air. The solution should have a pH  of 8 to  11.5.

For this investigation a solution of 4-aminobenzenesulfonic 
acid was prepared by dissolving 0.60 gram of recrystallized m ate­
rial in 100 ml. of distilled water. H eating aids dissolution. The 
1-am inonaphthalene hydrochloride solution was prepared by dis­
solving 0.60 gram of recrystallized m aterial in 100 ml. of distilled 
water. The 4-aminobenzenesulfonic acid and the 1-amino­
naphthalene hydrochloride are colorless solids when pure, but, 
especially the la tter, tend to  discolor on exposure to  light and air, 
Discolored reagents should be recrystallized. T he 4-aminoben- 
zenesulfonic acid can be recrystallized from hot water. To re- 
crystallize from 5 to 10 grams of 1-aminonaphthalene hydro­
chloride, add 2 grams of decolorizing charcoal (Norite) and 100 
ml. of w ater and boil for a few minutes. R apidly filter the hot 
m ixture through a Büchner funnel fitted w ith a  filter paper. If 
the filtrate is no t clear and colorless, add another 2 grams of de­
colorizing charcoal, boil again, and refilter. Then add 25 ml. of 
concentrated hydrochloric acid to  the filtrate and cool to  0° C. 
in an ice bath. F ilter off the recrystallized hydrochloride on a 
Büchner funnel, air-dry the product on a porous plate in a dark 
place, and store i t  in a  tightly  closed, dark bottle. Hydrochloric 
acid solutions of this reagent show much less tendency to  discolor 
than  acetic acid solutions which are used by some.

C o l o r  R e a c t i o n . T he color formed by 1-aminonaphthalene 
w ith diazotized 4-aminobenzenesulfonic acid is a  reddish purple 
which has its minim um transm ittancy near 520 m^ (Figure 1). 
The reactions involved m ay be indicated by the following 
equations:

+  2HjO (1)

+  H + (2)
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Table II . Effect of Temperature on Reaction Rates
M in u te s  R e q u ire d

P rocess p H  2 0° C . 30 °  C.

A cetic  A cid  M e th o d  ( I )
D ia z o tiza tio n 3 .1  12 9
C o u p lin g 2 .8  3 2

H y d ro ch lo ric  A cid  M e th o d  {IS)

D iaz o tiza tio n 2 .1  9 6
C o up ling 2 . 0  12 10

H y d ro ch lo ric  A c id -8 o d iu m  A ce ta te
D ia z o tiz a tio n 1 .4  2 1
C o u p lin g 2 .5  4 3

the diazotization ra te  and increase the coupling rate. T his mighi 
have been predicted by the principle of mass action from E qua­
tions 1 and 2 in which the hydrogen ion is a reactan t and a  prod­
uct, respectively.

The transm ittancies a t  520 m u for these samples a t  various pH 
values are plotted in Figure 2, allowing 6 m inutes’ diazotization 
time and 10 m inutes’ coupling time, which were chosen as reason­
able times. As indicated in Table I, incomplete color develop­
m ent in high acidities is due to incomplete coupling and in low 
acidities is due to  incomplete diazotization. Increasing the 
coupling tim e brings about full color developm ent in  slightly more 
acidic samples, bu t increasing diazotization tim e does no t bring 
about full color developm ent in samples of lower acidity.

The colorimetric stability  of the system is found to  increase ae 
the acidity increases. •

After a  study of Table I, it  was decided to add 20 ml. of con­
centrated hydrochloric acid to  the first reagent before diluting ¡1 
to 100 ml. The resulting pH  during diazotization is about 1.4. 
A fter adding the second reagent, the system  is buffered w ith so­
dium acetate to  a  pH  which will perm it reasonably rapid cou­
pling combined with a reasonable color stability. A pH  of from
2.0 to2.5 is considered best for general purposes. However, a  slowly 
coupling, stable system  can be had by buffering to  a pH  of 1.7 to 
2.0, or a  rapidly coupling, briefly stable system can be had by- 
buffering to  a pH  of 2.5 to  3.0.

E f f e c t  o f  T e m p e r a t u r e . Figure 3 shows the effect of tem ­
perature on the diazotization reaction a t  a  pH  of 3.1. Since the 
reaction a t  th is pH  is slow, any effect of tem perature can be 
readily measured. As the tem perature increases, the ra te  of re­
action increases as indicated in T able I I  and Figure 3. I t  is

Table I. Effect of p H  on Reaction Rates at 30 °
M in u te s  R e q u ire d

p H D ia z o tiz a tio n C oupling
1 . 1 2 1 60
1 .3 8 30
1 .0 4 20
2 . 0 0 3 16
2 .1 5 7
2 .2 9 6
2 .5 8 è 3
3 .0 0 6 2
3 .3 8 ° 9
3 .5 9 ° 12
3 .6 7 ° 15

In co m p le te  co lo r d e v e lo p m e n t a t  th e se  p H  values .

FIG U R E  I 

EFFEC T  OF ORDER OF 
ADDITION OF REAGENTS

0 .5 p.gm. N 0 j  , 2 c m .c e l ls  
10 nyi band w id th , pH2.5 

Rgt. 1 10 cnm .aFter Rgt.It
2. R g t .I 3 m i a a f t e r  R g t.II
3. S im u ltan eo u s addition
4. Rgt.I I min. before Rgt.H

5. R g t.I 3m in. before Rgt.II

6. Rgt. I  6 min. before Rgt.H
7. Rgt.I I5m in. before Rgt.H
8. Rgt. 1 3 0 min. before Rgt. II

9. Rgt. I  60 min. before Rgt. E

E f f e c t  o f  R e a g e n t  C o n c e n t r a t i o n . For 50 ml. of a solu­
tion containing 0.4 p.p.m . of nitrite, a  minimum of 0.20 ml. of 4- 
aminobenzenesulfonic acid solution and 0.20 ml. of 1-amino- 
naphthalene solution is required. A tenfold excess of either re­
agent has no further effect upon the color developed. The acid 
required was added independently to  m aintain uniform acidity.

E f f e c t  o f  O r d e r  o f  A d d i t i o n  o f  R e a g e n t s . The order of 
addition of reagents is of u tm ost im portance. Figure 1 shows 
th a t th e  diazotization reaction w ith 4-aminobenzenesulfonic acid 
m ust be complete before 1-am inonaphthalene is added. Any un­
reacted nitrite  still present when the coupling agent is added is 
partially destroyed by the amino group of the latter.

E f f e c t  o f  pH . To establish th e  m ost desirable acidity, 
samples were buffered a t  different pH  values by means of hydro­
chloric acid, hydrochloric acid-potassium  chloride and acetic 
acid-sodium acetate  combinations. T he diazotization and 
coupling times required a t  room tem perature for these various 
acidities are listed in  Table I. These values were determined 
from curves similar to those in Figure 1. In  Figure 1, 6 m inutes’ 
diazotization tim e is required a t' a  pH  of 2.5. I t  was further 
noted th a t full color is developed within 3 m inutes after the addi­
tion of the coupling agent. High acidities increase the diazotiza­
tion ra te  and decrease the coupling rate. Low acidities decrease

R g t l  4-am inobenzenejulfonic acid 

Rgt.H l-am inonaphthalene

0*----------  !_______i_______i_______i_______i___
400 440 4 80  520 560 600 640 6 8 0

W ave le n g th , nyj
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6 9 12

M in u te s  D ia z o t iz a t ion

evident, however, th a t the diazotization product is unstable 
both on heating and on long standing. In  the highly acidic solu­
tion herein recommended, the reaction proceeds rapidly w ithout 
heating, and the diazonium sa lt formed is relatively stable.

E f f e c t  o f  L i g h t . This determ ination should be carried ou t in 
artificial light of m oderate intensity. The reaction m ixture 
should be shielded from direct sunlight, especially during diazo­
tization, because, as H olbourn and P a ttle  (7) have found, diazoti­
zation products are photochemically unstable.

E f f e c t  o f  N i t r i t e  C o n c e n t r a t i o n . The lower lim it of 
nitrite  content which can be determ ined by this method is fixed 
by the maximum cell length available; the upper lim it is fixed 
by the solubility of the colored dye. The exact concentration a t 
which the dye precipitates is difficult to  determine, as it  varies 
under different conditions. U nder the conditions here recom­
mended, concentrations up to  0.6 p.p.m. of nitrite  do not pre­
cipitate within 30 m inutes. Beer’s law holds up to  a concentration 
of 0.6 p.p.m . for a  10 m ¡i band width. Reliable determ ina­
tions can be made in  the range of 0.025 to  0.600 p.p.m . of ni­
trite  ion in a  2-cm. cell. As little  as 0.0005 p.p.m. of n itrite  
nitrogen can be determ ined by the use of 24-cm. Nessler tubes.

E f f e c t  o f  D i v e r s e  I o n s . In  general, the effect of 400 p.p.m. 
of diverse ions on the analysis of a  solution containing 0.4 p.p.m. 
of n itrite  was determined. The quantities of interfering diverse 
ions which m ay be present w ithout causing an error greater than 
2%  in the n itrite  content are shown in Table II I .

Of the diverse ions studied, the following did no t interfere 
when present in concentrations 1000 tim es th a t of the nitrite: 
barium, beryllium, calcium, lead (II), lithium , magnesium, m an­
ganese (II), nickel (II), potassium, sodium, strontium , thorium , 
uranyl, zinc, arsenate, benzoate, borate, bromide, chloride, cit­
rate, fluoride, formate, iodate, lactate, m olybdate, n itrate, oxa­
late, phosphate, pyrophosphate, salicylate, selenate, sulfate, ta r­
tra te , tetraborate, and thiocyanate.

The interfering ions fall into various classes. Amines, oxidiz­
ing agents, and reducing agents destroy nitrites. Some ions 
complex the n itrite  and retard  its activity . Some ions precipi­
ta te  under reaction conditions; others upset the acidity condi­
tions; and still others interfere because of their own color.

Amines such as ammonia, urea, and aliphatic prim ary amines 
(HNPL, N H 2CONH2, and R N H 2) react w ith n itrites to liberate 
gaseous nitrogen. Small concentrations of ammonium ion did 
not interfere in th is study  b u t high concentrations should be 
avoided.

N itrites are destroyed by reducing ions such as iodide, iron
(II), chlorostannite, sulfide,thiosulfatc, and sulfite, which m ust be 
absent from the sample. Strong oxidizing ions such as perm an­
ganate, chlorate, trisulfatocerate, perchlorate, periodate, peroxy-

disulfate, and tungstate should be absent. O ther oxidizing ions 
such as diehromate, iodate, and selenate did no t show any de­
struction of n itrite  in these extreme dilutions in the time allowed 
in this study, b u t they m ay on longer standing.

M ercury (I) and silver precipitate as their chlorides, and bis­
m uth  and antim ony (III) presumably as their oxychlorides in the 
presence of the hydrochloric acid used. Lead (II) also precipi­
tates as its  chloride in concentrated solution b u t redissolves a t 
room tem perature upon dilution to  400 p.p.m. and causes no in­
terference. Chloroplatinate, iron (III), gold (I II) , and m eta­
vanadate ions form precipitates w ith 1-am inonaphtnalene.

Alkali salts of ions such as carbonate, acetate, cyanide, and 
silicate reduce the acidity of the system and should be present 
only in limited quantities. The chlorostannate solution used 
contained hydrochloric acid. I ts  high acidity lim ited the am ount 
to  40 p.p.m.

M ercury (II) causes high results, whereas copper (II) catalyzes 
the decomposition of the diazonium salt, causing low results. 
B oth should be absent.

Purple ions, such as cobalt (II), which absorb green light, 
should be limited in concentration; whereas green ions, such as 
nickel (II) have little  effect. Pale yellow ions, such as uranyl, 
show little  interference; whereas more intensely yellow dichro- 
m ate should be lim ited to  80 p.p.m. Chromium (III) should 
be lim ited to  40 p.p.m. All these colored ions change the hue 
of the system and m ust be absent for visual comparison.

D ISCU SSIO N

In  the present investigation, four requirem ents of a satisfac­
tory method were found:

1. D iazotization should be carried out in strongly acidic 
solution.

2. D iazotization should be carried ou t in as cool a  solution as is 
practicable.

3. Coupling should no t be attem pted until diazotization is 
complete.

4. Coupling should be carried out in as low an acidity as is 
consistent w ith colorimetric stability.

The acetic acid procedures (1, 8) do no t m eet the first require­
m ent; the elevated tem perature procedures (8, 18, 16) do not 
m eet the second; the mixed reagent procedures (11, IS, 16) do 
not m eet the th ird ; and the hydrochloric acid procedures (18) 
do no t m eet the fourth requirem ent.

The recommended procedure follows:

R E C O M M E N D E D  P R O C E D U R E

S a m p l e . Selection and Preparation. Procure a  representa­
tive portion of the m aterial to  be analyzed, and subject i t  to  the 
necessary preparative treatm ent.

Table Effect of Diverse Ions

Ion A d d ed  as : P re s e n t
P .p .m .

E rro r
%

A u  + + ' 
Sb  + + -

A uCli 5 P p t .
S b C li 400 P p t.

B i + + * 
C e + + **

B ifN O j) .
(N H .)sC e (N O j) .
C ri(S O .)i
C o(N O »)j

400
2 0

P p t.  
N ew  hue

C r + ** 
C o + "

SO
400

3
8

C u  + + C uS O . 2 0 7
F e  + + F eS O . 40 4
F e +'f t F eC Ia 10 P p t.
H g + + H g(N O a).

H g j(N O j)i
A g N O ,

400 50
Ilgj-r*
AßT

400
400

P p t .
P p t.

C iH aO i “ N aC sH iO i 400 3
C O i - - N a-C O j 2 0 0 2
cio>- K C IO . 40 4
ptcu  - - H iP tC l . 80 2
S n C l. H iS n C l. 80 3
S n C l . - - H iS n C l. 40 90
C N - K C N 2 0 0 4
CraOa ~ ~ KaCraO: 80 2
I - K I 10 3
cio<- K C IO . 400 15
IO <- K IO . 2 0 3
M nO . “ K M n O . 1 14
S :0 |  — (N H ,) iS iO , 400 37
SiOa N aiSiO « 400 5
S O ." " N asSO j 40 8 8
S - - N asS 10 80
S iO j - - N arSaO i 40 23
w o .- - N aiW O . 40 3
V O j- K V O j 2 0 P p t .

A m o u n t
P e rm iss ib le

P .p .m

0
0
0
0

40
100

0
0
0
0
0
0

2 0 0
2 0 0

0
80
40

0
100

80
0
0
0
0
0

2 0 0
0
0
0

10
0
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Measurement. Weigh or measure by volume a  quantity  of 
sample containing 0.03 mg. or less of nitrite.

Treatment. M ost samples in w ater analysis need no further 
treatm ent. The proper treatm en t of other m aterials depends on 
the nature  of the sample. Basic or acidic samples are neutralized 
w ith hydrochloric acid or sodium hydroxide.

D e s i r e d  C o n s t i t u e n t . Separation. If  interfering ions arc 
present, they should be complexed or removed to w ithin the per­
missible concentrations given in Table III.

Measurement. To the sample in a 50-ml. volumetric flask add
1.0 ml. of acidified 4-aminobenzenesulfonic acid reagent. (To 
prepare this reagent, completely dissolve 0.60 gram of 4-amino­
benzenesulfonic acid in  about 70 ml. of hot water, cool the solu­
tion, add 20 ml. of concentrated hydrochloric acid, dilute to 100 
ml. w ith water, and mix thoroughly.) Mix well. Allow a t 
least 3, and not more than  10, minutes for diazotization a t room 
tem perature in diffuse light. Then add 1.0 ml. of 1-aminonaph- 
thalene hydrochloride reagent (0.60 gram of 1-aminonaphthalene 
hydrochloride and 1.0 ml. of concentrated hydrochloric acid di­
luted to 100 ml. with water) and buffer the system to a pH  of 2.0 
to 2.5 with sodium acetate. T his requires about 1.0 ml. of filtered
2.0 M  sodium acetate solution. D ilute to  volume and mix 
well. After 10 minutes, measure the intensity of the reddish 
purple color by the usual means. All measurements should 
be made within 30 minutes. Spectrophotom etric measure­
ments can be made a t  520 mg. A green filter, such as a Corn­
ing No. 401 of suitable thickness, is recommended for filter

Chotometers. Perm anent standards for visual comparisons have 
een suggested (4).
For m inute am ounts of n itrite , add the reagents according to 

the above procedure to  50 ml. of sample in a  Nessler tube. The 
color developed is compared with a series of tem porary or perma­
nent standards.
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Rapid Estimation of Effect of Pressure upon Boil ing 
Points of Organic Compounds
C A R L  B O R D E N C A , Southern Research Institute, Birmingham, A la .

IT  IS frequently convenient in laboratory distillations under 
reduced pressure to have at hand a means for estim ating 

rapidly the boiling point of a substance a t pressures other than  
that being used. A special ease is finding the approximate boil­
ing point a t atmospheric pressure by extrapolation from a single 
boiling point value obtained a t some reduced pressure. Another 
useful application is in selecting in advance a suitable reduced 
pressure for distilling a compound whose boiling point a t  atm os­
pheric pressure is known. In  these oases, a  high degree of ac­
curacy is usually unnecessary, and the consideration of accuracy 
is offset by the convenience of having a generally applicable proc­
ess of calculation or extrapolation.

Numerous methods have been proposed for estim ating boiling 
points a t reduced pressure or finding the vapor pressure of sub­
stances a t various tem peratures. One of the most useful is th a t 
of Cragoe (I) as modified by H ass and Newton (4), which em­
ploys the equation:

t =  t'

A< =  i '  — i = ( 1)
(273.1 +  f) (2.8808 -  log p)

0  H- 0.15 (2.8808 -  log p)

where t' — boiling point, ° C. a t  atm ospheric pressure 
t =  boiling point, ° C. a t  pressure p (mm.)
<t> =  entropy of vaporization a t  760 mm. divided by 2.3 R

Hass and Newton have modified Cragoe’s classification of com­
pounds into eight groups according to their physical or structural 
relationship, and have established values for <f> for each group.

However, calculation using th is equation is ra ther cumber­
some and time-consuming. T he object of the present paper is to 
reformulate the Hass-Newton equation, and to  derive graphs
suitable for rapid interconversion and for use especially in the
ordinary laboratory type of distillation.

E quation 1 m ay be rearranged to give:

(<t> +  0.15 P) 273.1 P
(4> +  1.15 P) . <#> +  1.15 P (2)

where P  =  2.8808 — log p.
By the use of this equation and the entropy values given by 

Hass and Newton (5), graphs showing th e  relationship between

Table 1. Classification of Compounds Accord ing  to Groups
C o m p o u n d G ro u p C o m p o u n d G ro u p

A ceta ls 3 H e p ty l ic  ac id 7
A ce tic  ac id 4 H y d ro c a rb o n s , s a t . 2
A cetic  an h y d rid e 6 H y d ro c a rb o n s , u n sa t. 1
A ce to p h en o n e 4 Iso a m y l a lcoho l 7
A m ines 3 Is o b u ty l a lcohol 8
n -A m y l a lcohol 8 I s o b u ty r ic  ac id 6
A n th ra c e n e 1 Iso cap ro ic  ac id 7
A n th ra q u in o n e 1 L a u rie  ac id 5
B cn z a ld eh y d e 2 L a u ry la m in e 7
B enzene 2 M e th y l sa licy la te  

M y ris tic  ac id
2

B enzoic ac id 5 5
B en z o n itr ile 2 N a p h th a le n e 2
B enzo p h en o n e 2 a -  a n d  /3-N aphtho la 3
B enzoy l ch lo ride 3 N itro a lk a n e s 3
B ro m o b en zen e 2 N itro b e n zen e 3
B u ty r ic  ac id 7 N itro to lu e n e s 2
C am p h o r 2 N itro to lu id in e s 2
C a p ry lic  ac id  
C h lo roan ilines

5 A llo-ocim ene 1
3 O ctano ls 8

C h lo robenzene 2 O leic ac id 5
C resols 4 P h e n a n th re n e 1
C o u m a rin 2 P h en o l 5
D ib en z y l k e to n e 2 P h th a i ic  a n h y d r id e 2
D im e th y l ox a la te 4 a -  a n d  /9-Pinencs 1
E ste rs 3 P ro p io n ic  ac id 5
E th e rs 2 n -P ro p y l a lcoho l 8
E th y le n e  g lyco l 7 Q uino line 2
E th y le n e  ox ide 3 S eb ac ic  ac id 7
F o rm ic  ac id 3 S te a r ic  ac id 5
F u r fu ra l 2 Sulfides 2
G lycols 7 V ale ric  ac id 7
G lyco l d ia c e ta te  
H a lo g en  d e r iv a tiv e s

4
S am e g ro u p  as 

w here  X  =* H

W a te r 6
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Table II. Comparison of O bserved and Estimated Boiling Points
C o u m a rin A ce to p h en o n e E th y le n e

C o m p o u n d  (G ro u p )
~  <2 > (4) G lycol (7)

B o iling  p o in t O bs. E s t. O bs. E s t. O bs. E s t.
P re s su re

2 0 0  m m . 154 155 158 158
1 00  m m . 2 2 0  2 Í 8 133 135 140 139
50 m m ; 196 196 115 118 125 124
2 0  m m . 171 170 94 90 105 105
10  m m . 154 152 81 81 92 91

5 m m . 139 136 69 70 80 79

the normal boiling point and the boiling point a t reduced pressure 
for the eight groups of compounds have been constructed. The 
classification of the compounds and families of compounds given 
in Table I is adapted from the reference articles (3, Jj). I t  is 
suggested th a t compounds no t given in the table be classified in 
the group w ith compounds which they  most closely resemble. 
In this connection, Cragoe (1) has pointed out th a t higher mem­
bers of a  series of compounds are usually in the same group, 
while the first members are generally in a  different group. Boil­

ing point values for interm ediate pressures m ay be obtained from 
the charts by interpolation.

In  general, the observed and estim ated values have been found 
to  agree satisfactorily. Iteprcsentativc results are shown in 
Table II, which gives a comparison of estim ated and observed 
values for typical compounds of different groups. T he observed 
values given for ethylene glycol have been obtained by in ter­
polation of values reported by de Forcrand (2).
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Nephelometric Determination of Small Am ounts of Sodium
F. K . L IN D S A Y , D . G . B R A IT H W A IT E , a n d  J .  S . D 'A M IC O  

Z eo lite  Research Laboratories, National A lum ínate Corporation, Chicago, III.

A  rapid nephelometric method for determining small amounts of 
sodium salts in either liquids or solids is disclosed. A n  alcoholic 
uranyl magnesium acetate reagent is em ployed, and comparative 
data are given to indicate the sensitivity of various alcoholic compo­

sitions. The method is accurate to approxim ately 1 grain per gallon 
of sodium salts, expressed as sodium chloride in water analysis, and 
to ± 0 .0 0 3 % , expressed as sodium oxide on solid samples. The 
method is particularly adaptable to routine analytical problems.

TH E  advantages of employing alcoholic magnesium uranyl 
acetate reagents, or of incorporating alcohol in some m anner 

before the precipitation of the sodium uranyl acetate triple salt, 
have been disclosed by several workers (1, 2, 3). The need for 
a very rapid, sensitive method for determining traces of sodium 
salts in a solid product suggested the advisability of trying to 
employ an alcoholic reagent in the developm ent of a  nephelo­
metric procedure. By modifying the method of Caley, Brown, 
and Price (1), a satisfactory procedure has been developed which 
is particularly useful for control analyses in  the m anufacture of 
solids with low sodium sa lt im purity  specifications, bu t which 
may also be adapted to rapid estim ation of sodium salt concen­
trations in liquids.

A P P A R A T U S

, The photom eter used in this investigation employed a Nalco 
„ ue Photofilter, a  General Electric light-sensitive cell (Catalog 

,• 88 X 565), a  General Electric M azda lam p No. 51 (6 to  8 
volts), and an amm eter (Model 26) m anufactured by Simpson 
ii/lectric Co., Chicago, 111.

The specifications on the construction of the apparatus are:

D is ta n c e  from  lig h t so u rce  to  ce ll 
D is ta n c e  fro m  l ig h t  so u rce  to  f ilte r  
S lit in  s c reen
L e n g th  o f p a th  of l ig h t th ro u g h  so lu tio n s  
T h ick n ess  of cell w alls

50 m m .
25 m m .
6 .5  m m . w ide X  16 m m . h igh  
16 m m .

2  m m .

R E A G E N T  A N D  S O L U T IO N S

A l c o h o l i c  M a g n e s i u m  U r a n y l  A c e t a t e . T o  30 grams of 
uranyl acetate dihydrate, 150 grams of magnesium acetate tetra- 
nydrate, and 20 nil. of glacial acetic acid are added 500 ml. of 
alcohol and sufficient w ater to  make up to  1 liter. The resultant 
18 heated on the steam  bath, with stirring, until the salts are dis­
solved. Care m ust be taken to  lose as little  solvent as possible 

- solution step. The reagent is then stirred until cool, 
and filtered w ithout further dilution into a brown glass bottle.

Potassium chloride, lithium  chloride, and sodium chloride 
solutions were prepared by dissolving the pure chemicals in triply 
distilled water.

P R E L IM IN A R Y  EX PER IM EN TS

Although, after an  extensive investigation on the value of 
precipitating the triple sa lt in  an  alcoholic medium, Greene (2) 
came to the conclusion th a t the alcohol could not be incorporated 
into the reagent, the case of controlling the precipitation medium 
when using only one reagent was especially appealing for 
vclopm ent of a nephelometric procedure where uniform- 
growth is im perative. In  their earlier work, Caley, Br, n, and 
Price (I) had successfuly employed an alcoholic reagent, and the 
authors’ prelim inary work was done using a slight modification 
of their reagent, bu t substitu ting  the nephelometric procedure 
for their more complex and critical centrifugal estim ation method. 
The study of reagents prepared using various alcohols was the 
initial step in the investigation of the method. In  Figure 1 are 
plotted representative transm ittnncy curves for reagents made 
from methanol, ethanol, isopropanol, a m ixture of ethanol and

Table I. Comparison o l Sensitivity of Reagent Prepared from 
M ethanol-Ethanol M ixtures

9 V olum es 8  V o lum es 7 V olum es 6  V olum es

N aC l E t h ­
E th a n o l, 

1 V o lum e
E th a n o l, 

2 V olum es
E th a n o l, 

3 V olum es
E th a n o l, 

4 V olum es M e th ­
A dded ano l M e th a n o l M e th a n o l M e th a n o l M e th a n o l an o l

G ra in s /
gal.

0 9 1 .9 9 1 .0
P er cent tra n sm itta n c y  

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

10 7 7 .0 7 8 .0 7 7 .0 7 7 .0 8 0 .0 8 8 . 0
15 7 2 .0 7 3 .0 7 3 .0 7 3 .0 7 6 .5 8 4 .0
2 0 6 9 .5 6 9 .5 7 0 .0 6 9 .5 7 1 .0 8 0 .0
25 6 7 .0 6 7 .5 6 7 .5 6 7 .0 6 9 .5 7 5 .0
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92.5 90.0 «7.5 65.0 62.5 60 .0  77.5 75j0  72.5

Table II. Stability  and Reproducib ility  of Reagent
R e a g e n t R e a g e n t R e a g e n t

N a C l A dd ed B a tc h  1 B a tc h  2 B a tc h  3
G ra ins/ga l. P er cent tra n sm itta n cy

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

10 7 9 .0 7 8 .0 7 8 .0
15 7 3 .0 7 4 .0 7 3 .0
2 0 6 9 .5 6 9 .5 6 9 .5
25 6 7 .5 6 8 . 0 6 8 . 0
35 6 3 .0 6 3 .0 6 3 .0

Table II I . A n a ly s i of Solutions
W a te r  A W a te r  B

T o ta l h a rd n e ss  as  C aC O j, g ra in s  p e r ga llo n  8 .7 3 7 .0
C a lc iu m  as  C aC O s, g ra in s  p e r  ga llon 5 .2 3 0 .0
S o d iu m  a s  N a C l g ra in s  p e r  gallon 1 .5 7 .9
S ilica, p .p .m . SiO* 9 .7 1 0 .7

N a C l N aC l N aC l N aC l
A dded F o u n d  A d d ed F o u n d

C ra in s  per gallon

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

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

acetone, and a representative curve for m ethanol-ethanol mix­
tures.

From  these data, it  is apparen t th a t ethanol reagents, or 
ethanol reagents containing small quantities of methanol, are 
more sensitive than  m ethanol or isopropanol reagents. Incor­
porating acetone, or increasing the alcohol content above 50%  by 
volume, rendered the reagent less sensitive. The disadvantage of 
an  increase in  the alcohol content of the precipitation medium was 
apparently  due to  the enhanced crystal growth, which caused the 
precipitated sodium salt to  settle  very rapidly, thereby decreas­
ing the accuracy of the transm ittancy measurement. The possi­
bility of using ethanol denatured w ith methanol was of special 
interest because of the relative ease of obtaining such mixtures. 
Table I  shows the effect of increased methanol-ethanol ratios. 
Volume ratios of 3 to  7 can be tolerated before the detrim ental 
influence of m ethanol is appreciable. Therefore, because of the 
availability of Form ula 30 alcohol (10% m ethanol and 80% 
ethanol by volume), it  was selected for the preparation of the re­
agent. Table I I  gives da ta  illustrating the stability  and repro­
ducibility of this alcoholic reagent. Reagents 1, 2, and 3 were 
prepared about 5 days apart. The results are well within the 
lim its of accuracy of the method.

P R O C ED U R E

To 2 ml. of the solution to be tested in the 
test cell are added one drop of c . p . concentrated 
hydrochloric acid and 15 ml. of the alcoholic re­
agent. T he two solutions are mixed by invert­
ing five times, allowed to  stand 5 minutes, and 
again mixed by inverting five times. After an 
additional 5-minute period of standing, the 
transm ittancy is read and the sodium content 
determ ined by interpolation from a  previously 
prepared standard  transm ittancy curve.

RESU LTS

S o l u t io n s . In Table I I I  are tabu lated  the 
results obtained by adding known am ounts of 
sodium ion as sodium chloride to natural raw 
waters. The accuracy of this rapid procedure is 
approximately 0.000015 gram per cc. (1 grain per 
gallon) expressed in term s of sodium chloride.

Relatively high concentrations of lithium and 
potassium ions do not affect the accuracy of 
the sodium determ ination. The results ob­
tained, using a  standard  10 grains per gallon 
sodium chloride w ater to which was added 

varying am ounts of lithium  and potassium salts, are shown 
in Table IV.

S o l id s . The procedure was developed prim arily for analytical 
control in the m anufacture of fluid cracking cata lyst for the pe­
troleum industry. I t  was found th a t nearly 100% of the sodium 
salts could be extracted from this siliceous m aterial by boiling 
for 2 m inutes in 1 to 1 hydrochloric acid.

To 10 grams of catalyst are added 20 ml. of 1 to  1 hydrochloric 
acid, and the m ixture is boiled exactly 2 minutes. A fter filtering, 
10 ml. of alcoholic reagent are added to  2 ml. of filtrate, the two 
solutions mixed by inverting 5 times, allowed to stand  5 minutes, 
and mixed again by inverting 5 times, and the transm ittancy is 
determ ined after an additional 5 minutes. In  Table V, the re­
sults of this rapid m ethod are compared w ith results obtained by 
the standard  gravimetric procedure. T he accuracy of the method 
can be considered to be 0.003% expressed as N a20 .

Table IV . Interference of Potassium and Lithium

%
N a C l P re s e n t S a lt A dd ed T r a n s m it ta n c y

G ra in s/g a l. G ra in s/g a l.

10 N one 8 8 . 0
10 L iC l 2 .5 8 8 . 0
10 Li C l 5 .0 8 8 . 0
10 L iC l 1 0 .0 8 7 .5
10 L iC l 2 0 .0 8 8 . 0
10 KC1 2 .5 8 7 .5
10 KC1 5 .0 8 8 . 0
10 KC1 1 0 .0 8 8 . 0
10 KC1 2 0 .0 8 8 . 0

Table V . A n a lys is  of So lid  M aterials
N arO N asO

S am ple G ra v im e tr ic F o u n d
% %

1 0 .0 1 9 5 0 .0 1 7
2 0 . 0 1 0 0 .0 0 8
3 0 .0 1 9 0 . 0 2 1
4 0 . 0 1 2 0 .0 0 9
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Colorimetric Determination of Phenols

A p p l ic a t io n  to Petroleum and A l l i e d  Products

L O U IS  L Y K K E N , R . S. TR ES ED ER , a n d  V IC T O R  Z A H N  

Shell Development Company, Em eryville , Calif.

A  colorimetric method is described for determination of the total 
phenolic content of hydrocarbon mixtures, organic solvents, aqueous 
solutions, and concentrated phenols. The method is not affected by 
organic materials containing other functional groups (such as alde­
hydes or ethers) nor by water, mineral acids, inorganic bases, or in­
organic salts. In this procedure the sample, or a caustic extract 
thereof, is dissolved in acetic ac id , nitrous acid solution is added to 
form the respective nitrosophenol, and after a short reaction period 
an excess of alcoholic ammonium hydroxide is added. A fte r 
standing, the intensity of the resulting colored quinoid salt is meas­
ured with a photoelectric colorimeter and related to that of a ca li­
bration curve which has been prepared under identical conditions by 
concentrations of a standard phenol sample. A lthough the method 
was primarily developed for the determination of m onohydroxy a lky l 
phenols in refined petroleum products, it has been successfully ap­
plied to the determination of m onohydroxy- and dihydroxyphenols 
in a variety of materials such as crude o il , o il additives, solvents, 
polymers, plastics, cresylic acids, and caustic treating solutions.

DU R IN G  the past decade a  need has developed for the de" 
term ination of phenols, particularly monohydroxyphenols, 

in a  variety  of m aterials. This need has become increasingly im­
portant to  the petroleum chemist because the presence of phenols 
often affects the behavior of m any petroleum products. For ex­
ample, the presence of small am ounts of phenols in paint and 
varnish thinners has been known to retard  the drying rate  of 
these products, and phenolic compounds have found use in gaso­
line as antioxidants to prevent gum formation, light instability, 
etc. Experience has shown th a t there is need of a general method 
because the phenolic compounds encountered are usually a  mix­
ture of various unknown phenols and because it  is necessary to 
apply the method in the presence of materials such as alcohols, 
acids, amines, ethers, aldehydes, ketones, water, organic sulfur 
derivatives, and inorganic compounds. Such characteristics as 
rapidity and accuracy are secondary in importance to  precision 
and universal applicability.

A review of the literature reveals a num ber of qualitative tests 
for phenols, m ost of which have been studied and classified by 
Gibbs (2). Only a few of the qualitative tests are adaptable 
to the quantitative determ ination of phenols because m any of 
the reactions are applicable only to  certain types of phenols and 
because many are not specific for phenols, reacting similarly with 
other types of compounds.

Included among these methods of lim ited application are those 
of Houghton and Pelly (.)), which involves oxidation of the phenol 
to an indophenol by hypochlorite in the presence of p-aminodi- 
methylaniline, of Gibbs (3), in which the phenol is reacted w ith 
quinone chloroimide to  form a  colored indophenol, and of Folin 
and Denis (I), wherein phenolic compounds of phosphomolybdic- 
phosphotungstic acid are reduced to  the lower oxides of 
molybdenum and tungsten, resulting in the formation of blue 
solutions.

Stoughton (5) devised a method which depends upon treatm ent 
of the phenol w ith nitric and sulfuric acids a t  approximately 
100° C. to  form a  nitrosophenol which rearranges in the presence 
of excess alcoholic ammonium hydroxide to  form the highly 
colored quinoid radical. The probable reactions are:

organic m atter 
2HONO. ------------------------- >  2HONO +  0*

H2SO„ /O il
RCJUOH +  HONO---------- >- RCJI3< +  II20

\ n o

/OH NIROH r  /O *1-
RC.IlZ ------------ >- RC,H3<  +  H+

\NO L VVOJ
The resulting colored solutions are compared w ith those from 

standard phenols by means of a  visual colorimeter. T his method 
is generally applicable to  ortho, mcta, and para  substituted 
phenols. T he colors produced by the reaction with different 
phenols range from greenish yellow to orange yellow. W etlaufer, 
Van N atta , and Q uattlebaum  (6) used a  modified version of the 
Stoughton procedure, applying i t  to  the determ ination of traces 
of phenols in hydrocarbon solvents. They achieved high sensi­
tiv ity  by extracting the phenols w ith a  small portion of dilute caus­
tic solution.

The method presented here is a  further modification of Stough­
ton’s (3) nitrosophenol procedure. The significant differences 
are the use of sodium nitrite  solution in place of nitric acid as tho 
source of nitrous acid, formation of the nitrosophenol a t  room 
tem perature under carefully predeterm ined conditions, and 
measurement of the colored solutions in a photoelectric colorim­
eter. As in the method of W etlaufer et al. (3), the phenols are ex­
tracted  from hydrocarbons prior to the color development. This 
procedure achieves greater sensitivity and avoids interference of 
large quantities of hydrocarbons. As a result of these changes, tho 
proposed method is versatile, accurate, and applicable to  a wide 
variety of materials.

A P P A R A T U S

A sensitive photoelectric colorimeter equipped w ith light- 
absorption cells perm itting passage of light through a depth of 
approximately 1 cm. of solution and equipped w ith a mono­
chromatic light source consisting of either a  lam p w ith color 
filters or a  m onochromator capable of producing light of narrow 
spectral range (50 m /i) which is predom inantly violet (420 m /i).

REAGENTS

Potassium Hydroxide Solution, 10% aqueous.
Acetic Acid, c.p., glacial.
Buffer Solution. To prepare 1 liter of solution, mix 800 ml. of 

glacial acetic acid, 150 ml. of 10% potassium hydroxide solution, 
and 50 ml. of water.

Saturated  Sodium N itrite  Solution, aqueous.
Alcoholic Ammonium Hydroxide Solution. To prepare 1 

liter of solution, mix 450 ml. of anhydrous ethyl alcohol or iso­
propyl alcohol, 300 ml. of 14 N  ammonium hydroxide, and 250 
ml. of water.

S tandard Phenol Solution, containing 0.1 mg. of the phenol to 
be determined per milliliter. Weigh accurately 0.1 =±= 0.01 gram 
of the phenol in a  100-ml. volumetric flask and dilute to  exactly 
100 ml. w ith the buffer solution. Mix thoroughly, transfer a 
10-ml. aliquot to a  second 100-ml. volumetric flask, and dilute 
to  the m ark w ith the acetic acid buffer solution. W here maxi­
mum accuracy is essential be sure th a t the phenol used as a  stand­
ard is the same as th a t determined. W here high accuracy is not 
essential, an arb itrary  standard  such as p-crcsol m ay be used for 
the preparation of a  calibration curve.

Sulfuric Acid, 36 N .
Diluent. E x trac t 1 liter of technical octane with 100 ml. of 

10% potassium hydroxide solution and remove the aqueous layer. 
E x trac t a  second tim e w ith th e  fresh caustic solution, then wash 
with 100 ml. of w ater and filter the hydrocarbon layer through a 
dry  folded paper. W hen th e  sample is no t soluble in octane, use 
other solvents such as benzene, toluene, ether, etc., purified in 
the same manner.
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Tabic 1. Relative Color Intensities Produced by Pure Phenols and
Concentrated Phenol M ixtures

In te n s i ty 13 of C o lo r P ro ­
d u ce d  b y  1 M g. of M a te ­
ria l  R e la tiv e  to  C o lo r from

1 M e . of P e tro le u m  C re-
sy lic  A cid  (b .r . 2 2 0 -

M a te r ia l 225° C.)fc

P e tro le u m  cresy lie  ac id s
B o ilin g  ra n g e  2 2 0 -2 2 5 °  C .b 1.00
B oiling  ran g e  2 0 0 -2 2 0 °  C .b 1 .42
B o iling  ra n g e  2 0 0 -2 2 5 °  C .b 1 .34
B o ilin g  ra n g e  2 0 0 -2 3 5 °  C .b 1 .0 6
B o iling  ra n g e  2 2 0 -2 4 0 °  C.& 0 .8 1
B o ilin g  ra n g e  2 2 5 -2 4 5 °  C .b 0 .7 9
B o iling  ra n g e  2 3 5 -2 9 0 °  C .b 0 .5 6

P h en o l 1 .0 7
p -C reso l 1 .2 4
o-C resol 1 .8 5
m -C reso l 0 .7 3
p -E th y lp h e n o l 1 . 2 1
o -E th y lp h e n o l
7n -E th y lp h e n o l

1 .82
0 .7 6

2 ,4 -D im e th y lp h e n o l 1 .2 8
2 ,5 -D im e th y lp h e n o I 0 . 6 8
2 ,6 -D im e th y lp h e n o l 3 .3 4
3 ,4 -D im e th y lp h c n o l 0 .9 3
3 ,5 -D im e th y lp h e n o l 0 .4 7
2 ,3 ,5 -T rim e th y lp h e n o l 0 .5 2
2 ,4 ,6 -T riin e th y lp h e n o l 0 .2 5
4 -ie ri» B u ty l-2 ,6 -d iin e th y lp h en o l 0 .5 3
2 ,4 -D im e th y l-6 - ie r i-b u ty lp h e n o l 0 .2 2 e
p-ieW -A m ylphehol 0 .9 5
a -N a p h th o l 2 ,2 6
0 -N a p h th o l 0 .8 3
R eso rc ino l 0 .9 8
o -C h lo ropheno l 0 .8 0
w j-A m inophenol 0 .5
G u aiaco l 2 . 0 2
8 -H y d ro x y  q u in o lin e 1 .50
H y d ro q u in o n e 0 .5 5
C a tech o l 0 .5 5
p -teW -B uty lcatecho l 0 .1 9 e
C arv a c ro l 1 .33
p -H y d ro x y b e n z o ic  A cid 0 .0 3

a S p ek k e r p h o to e le c tr ic  a b s o rp tio m e te r , 
6 N o m in a l b o ilin g  ra n g e , in i t ia l  to  9 5 %  
e M e a s u re m e n t b y  K le t t-S u m m e rso n  i

N o . 7 (v io le t)  filter.
p o in t .
m o to e le c tr ic  c o lo rim e te r, N o . 42

(v io le t)  filte r.

P R O C E D U R E

Two procedures are described below. The choice of the pro­
cedure to  be used depends upon the type of m aterial which is 
being analyzed for phenol content. The direct procedure is gen­
erally used for oxygenated materials, while the extraction proce­
dure is used for hydrocarbons.

D ir e c t  P r o c e d u r e . Use this procedure for m aterials soluble in 
the acetic acid buffer solution—i.e., cresylie acids, alcohols, naph- 
thenic acids, glycerols, phenyl ethers, ketones, and aqueous solu­
tions. In  the case of highly colored or opaque materials giving rise 
to  high blanks, use the extraction procedure.

In to  a 100-ml. volumetric flask introduce an accurately weighed 
sample of the size indicated below:

P h e n o l C o n te n t,  %  
0 . 0  to  0 .4  
0 .3  to  0 .8  
0 . 6  to  1 . 6  
1 .5  to  4 

3 to  8

S a m p le  S ize , G ram s  
2 
1
0 .5
0.2
0.1

P or phenol contents above 8 %  use approxim ately smaller 
samples or preferably 0.5- to  5-ml. aliquots of solution of sample 
in buffer solution; in  all such cases regulate sample or aliquot to 
contain 3 to  8 mg. of phenol. D ilute the sample to  exactly 100 
ml. w ith the buffer solution, mix, and transfer a 5-ml. aliquot 
in to  a 50-ml. volum etric flask. By means of a  medicine dropper, 
add 5 drops of 36 N  sulfuric acid and 2 drops of sa tu rated  sodium 
n itrite  solution. Mix by  swirling, allow the m ixture to  stand  15 
to  30 m inutes (30 to  45 m inutes if hydroxybenzene is the  phenol 
present), and then slowly add alcoholic ammonium hydroxide 
solution while cooling the flask in ice w ater to  make a to ta l vol­
ume of exactly 50 ml. a t  room tem perature. Allow the final 
solution to  stand  1 hour or preferably overnight and obtain a 
colorimeter reading using a  violet light source (420 m/x).

M ake three b lank determ inations according to  the above pro­
cedure. In  the first om it the sodium nitrite  solution b u t include 
a duplicate aliquot of the sample solution; in the second om it 
the sample b u t include th e  n itrite  solution; and  in  the third 
om it both the sample and the  n itrite  solution. For the most ac­
curate work determ ine all three blanks for each analysis. O ther­
wise, determ ine all blanks a t  least once whenever new reagents

are used; determine the first blank only when the sample is 
colored.

E x t r a c t io n  P r o c e d u r e . Use th is procedure for m aterials 
which are insoluble in the acetic acid buffer solution bu t soluble 
in the diluent or similar solvents. Always remove phenol con­
tam inants from solvent by the treatm ent outlined upon prepara­
tion of the diluent.

Introduce 10 ml. of 10% potassium hydroxide solution into a 
125-ml. Squibb-type separatory funnel and add the volumes of 
sample and diluent as indicated in the following tabulation:

P h e n o l C o n te n t 
M g . /100 m l.

0  to  100  
50 to  200 

100 to  500 
2 0 0  to  1 000

V olum e of S am p le  
M l.

50 ±  0 .2  
25 ± 0 . 1  
10 ±  0.1 

5 ±  0 .0 5

V o lum e of D ilu e n t 
M l.

0
25
40
45

For phenol contents greater th an  1000 mg. per 100 ml., weigh 
a proportionately smaller quan tity  of sam ple and add 45 to  50 
ml. of diluent.

S topper the separatory funnel and shake for 5 minutes. Allow 
the m ixture to stand in the separatory funnel until two distinct 
layers have formed and carefully remove the lower layer w ithout 
loss into a  100-ml. volumetric flask. Add a  5-ml. portion of po­
tassium hydroxide solution to  the separatory funnel, shake the 
m ixture for 5 minutes, allow the phases to separate, and quanti­
tatively  w ithdraw the lower layer into the same volumetric flask. 
Add 5 ml. of distilled w ater to the separatory funnel, shake for 2 
minutes, allow the phases to separate, and w ithdraw the aqueous 
layer into the volumetric flask containing the caustic extracts.

To the combined extracts, slowly add glacial acetic acid while 
cooling the flask in ice w ater to  m ake a to ta l volume of exactly 
100 ml. a t  room tem perature. P ipet a 1- to  5-ml. aliquot con­
taining 0.05 to 0.5 mg. of phenol into a  d ry  50-ml. volum etric 
flask. If necessary, add sufficient of the acetic acid buffer solu­
tion to m ake a to ta l volume of 5 ml. Proceed w ith the color de­
velopm ent as outlined under the direct procedure (above), s ta r t­
ing w ith "by  means of a medicine dropper add 5 drops of 36 N  
sulfuric acid, e tc.”

P R E P A R A T IO N  O F  C A L IB R A T IO N  C U R V E S

Prepare a  calibration curve showing the relation between the 
colorimeter readings and the phenol content as follows:

From a buret or p ipet introduce 0, 1, 2, 3, 4, and 5 ml. of the 
standard  phenol solution into separate dry 50-ml. volum etric 
flasks. Add sufficient acetic acid buffer solution to  make a  to tal 
volume of 5 ml. and proceed w ith the color developm ent as ou t­
lined under the direct procedure (above), beginning w ith “ by 
means of a medicine dropper add 5 drops of 36 N  sulfuric acid, 
e tc.”

C A L C U L A T IO N S

Correct the colorimeter reading obtained for the sample by 
means of the following equation:

Corrected reading =  R  — (B| 4- B 2 — S 3)
where
R  =  colorimeter reading for the sample
B i =  colorimeter reading obtained when sodium nitrite  solution 

is om itted
B 2 =  colorimeter reading when sample is om itted 
B 3 — colorimeter reading when both sam ple and sodium nitrite  

solution are om itted
N o t e . Unless the samples or extracts are colored, B t will be 

the only significant correction and B , and B z will cancel each 
other. Besides making a  color blank, the degree of color inter­
ference m ay sometimes be minimized by reducing sam ple or ali­
quot size.

Convert th e  corrected colorimeter reading to  milligrams of 
phenol by moans of the prepared calibration curve and express 
the results as percentage by weight of phenol or as milligrams of 
phenol per 100 ml. R eport the phenol used as standard.

E X P E R IM E N T A L

A p p a r a t u s  U s e d . A Spekker absorptiom eter (photoelectric) 
was used for the color m easurem ents during the early p art of the 
investigation. L ater a  K lett-Sum m erson photoelectric colorim­
eter and F isher electrophotom eter were used for the investiga­
tional work as well as actual application of the method. A 
Coleman spectrophotom eter (Model 10S) was used to obtain the 
spectral transm ittance curves of the colored solutions.
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R e l a t i v e  C o l o r  I n t e n s i t i e s  P r o d u c e d  b y  V a r i o u s  P h e ­

n o l s . Samples containing exactly 1 mg. of a number of pure 
phenols and commercial cresylic acids were treated  by the pro­
posed direct procedure, and the intensities of the colors produced 
were measured photoelectrically w ith a Spekker absorptiom eter 
using the No. 7 (violet) filter supplied w ith the apparatus. The 
materials tested and the da ta  obtained arc given in Table I, ex­
pressing the intensity of color produced by 1 mg. of material 
relative to  th a t  from 1 mg. of petroleum cresylic acid (nominal 
boiling range 220° to  225° C., initial to 95% point) taken 
as unity. T he order of m agnitude of color intensity values 
obtained by use of other photoelectric colorimeters or visual 
colorimeters agrees w ith those in Table I, b u t there are 
small differences depending upon the spectral characteristics of 
the light filter used to  make the tests or of the response of the eye 
by the visual method. This presents no difficulty, provided meas­
urem ents for sample and standard  are made w ith the same color­
imeter. However, unless only rough approximation is adequate, 
the color values presented in Table I m ust be redetermined on the 
colorimeter a t hand if it  is desired to  compute a given color meas­
urem ent in term s of the various phenols.

From Table I  it  is seen th a t a  wide variation exists in relative 
color intensities produced by the various phenolic compounds; 
th is variation appears to  be mainly influenced by the location of 
the substitu ted  groups on the benzene ring. Of the monohydroxy- 
phcnols, the m ost intense colors are given by those phenols with 
alkyl groups in the ortho position with respect to the hydroxyl

group; the least color is given by the m ost highly substituted 
compounds. Between these extremes no simple generalizations 
are valid. W ith concentrated phenol mixtures such as cresylic 
acids obtained from petroleum, the relative color intensity ap­
pears to  decrease w ith an increase in average boiling point. W ith 
respect to pure phenols, the color intensity is no t related linearly 
to the molecular weight. Of the thirty-six phenolic compounds 
or mixtures tested, only p-liydroxybenzoic acid failed to  give a 
significant color by the proposed method. The cause of this 
anomaly is unknown a t present.

V a r i a t i o n  o f  C o l o r  I n t e n s i t y  w i t h  C o n c e n t r a t i o n  o f  

P h e n o l s . Calibration curves for use w ith photoelectric color­
imeters were prepared for several pure phenols and phenol mix­
tures by treating  various known weights of these compounds ac­
cording to  the proposed procedure. In  Figure 1 are presented 
calibration curves for phenol, p-crosol, 2,6-dimethylphenol, 2,4,6- 
trim ethylphenol, and petroleum cresylic acids (boiling range 
220-225° C.) obtained with the Spekker absorptiom eter using 
the No. 7 filter (violet) supplied w ith apparatus. In  Figure 2
are presented the calibration curves for phenol, o-cresol, m-
cresol, p-cresol, 3,5-dimcthylphenol, 2,4-dimethyl-0-feri-butyl 
phenol, p-ier-butyl catechol, and petroleum cresylic acids (boiling 
range 220-225° C.), obtained w ith the K lett-Sum m erson photo­
electric colorimeter using the No. 42 'filter (violet) supplied w ith 
the apparatus.

W ith less than 1 mg. of phenol in the final solution substantially 
straight-line-curves were obtained in most cases, indicating th a t 

Beer’s law applies in th is determination.
This is particularly true of the calibration
curves obtained for the Iilctt-Sum m erson 
colorimeter, which utilizes a  light filter trans­
mitting only a  narrow band of light in the 
violet region (approximately 420 mji). The 
Spekker light filter transm its some light in 
regions other than  violet.

S p e c t r a l  C h a r a c t e r i s t i c s  o f  C o l o r  C o m ­

p a r i s o n  S o l u t i o n s . W hen treated  by the 
proposed procedure, various monohydroxy- 
phonols produce color comparison solutions 
which vary from greenish yellow for phenol 
and m eta-substituted phenols to orange-yellow 
for other phenols. Dihydroxyphenols and 
naphthols generally produce brownish-yellow 
solutions. T he various color shades are suffi­
ciently distinct so th a t an experienced chemist 
can qualitatively divide them  into three groups 
by visual examination. Figures 3, 4, and 5 
give typical spectral transm ittance curves for 
the color comparison solutions produced by a 
variety of pure phenols and cresylic acid frac­
tions. In  m ost cases the maximum light ab­
sorption occurs a t  wave lengths of 400 to  425 
millimicrons. Because of this fact and because 
the light absorption bands are wide, th e  color 
intensity of the comparison solution can be 
measured by any type of photoelectric color­
imeter, provided proper attention  is given to  
the choice of fight filter.

I n t e r f e r e n c e  b y  N o n p h e n o l i c  Com­
p o u n d s . A number of nonphenolic compounds 
have been tested to  determine whether or not 
they interfere w ith the phenol determ ination by 
exhibiting colors after treatm ent by the pro­
posed procedure. The da ta  presented in Table 
II  were obtained w ith exactly 1-mg. samples 
of various nonphenolic compounds, both w ith 
and w ithout blending with 1 mg. of petroleum 
cresylic acid (boiling range 220° to  225° C.). 
The values given for relative color intensities are

Concentration of Phenols in Co lor Comparison Solution, mg. per 50 ml.

Figure 1. Typ ical Calibration Curves for Pure Phenols and Phenolic M ixtures 
Spekker photoelectric absorptiometer. N o. 7 (violet) filter

1. 2,6-Dimcthylphenol 4 . Petroleum cresylic acid (b.r. 22 0 -2 2 5 ° C .)
2. p-Cresol 5 , 2,4,6-Trimethylpheno!
3. Phenol
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Concentration of Phenols in Co lor Comparison Solution, m3, per 50 ml.

Figure 2 . Typical Calibration Curves for Pure Phenols and C resylic A c id  Fractions 

Klett-Summerson photoelectric colorimeter, N o. 42 (violet) filter

1. o-Cresol 5. 3.5-Dimethylphenol
2. m-Cresol 6 . Phenol
3. Petroleum cresylic acid (b.r. 22 0 -2 2 5 ° C .) 7. 2/4-Dimethyl-6-ferf-butylphenol
4. p-Cresol 8. p-ferf-Butylcatechol

based on the value of unity  for the intensity of color produced by 
exactly 1 mg. of petroleum cresylic acid (boiling range 220° to 
225° C.). From these and numerous other tests it  was found 
th a t w ith the exception of aniline and xylidine none of the com­
mon aliphatic or arom atic nonphenolic compounds give color 
comparison solutions of the type given by phenols. Therefore 
i t  can be assumed th a t the proposed method is w ith very few ex­
ceptions specific for phenolic materials.

Aniline and xylidine were found to  interfere to  some extent 
w ith the phenol determ ination; when treated  by the proposed 
direct procedure, they reacted giving color comparison solutions 
having shade and intensity similar to  those obtained w ith most 
phenols. However, experiments have shown th a t the proposed 
extraction procedure gives satisfactory results in the presence of 
these arom atic amines, provided the concentration of the phenol 
is a t  least tw enty  times greater than the aniline or xylidine con­
centration. For samples containing a higher relative concen­
tration  of aniline or xylidine, the usual caustic extraction does 
not generally result in an extract substantially free of the amines. 
In  such cases the following modified procedure gives satisfactory 
results.

Weigh a sample containing approxim ately 15 mg. of phenol 
into a l25 -m l. Squibb-type separatory funnel containing 100 ml. 
of phenol-free technical octane. Add 10 ml. of 5%  sulfuric acid 
and  shake th e  m ixture vigorously for 5 minutes. Allow the 
phases to  separate completely and withdraw the lower layer. 
Add 10 ml. of w ater to  the separatory funnel, shake the  m ixture

for 1 minute, and allow the two phases to  sepa­
rate. W ithdraw  the lower phase and add it to 
the lower phase from the first extraction. Re­
peat the acid and w ater extractions. Transfer 
back to the separatory funnel any hydrocarbon 
phase liberated from the combined acid and 
water extracts. Analyze the residual extracted 
hydrocarbon in the separatory funnel by the 
proposed extraction procedure.

Analyses of samples of some hydrocarbon mix­
tures, especially cracked gasolines to  which 
known quantities of alkyl phenols had been 
added, frequently gave low results by the ex­
traction procedure. Subsequent tests showed 
th a t the apparent phenol content of such 
samples tended to  decrease w ith time. Analy­
ses of these samples showed an appreciable con­
centration of peroxides; the peroxide content 
was found to increase w ith time. Apparently 
the added phenols were oxidized by compounds 
of the peroxide type resulting from air oxidation 
of the unsaturatcd  hydrocarbons present. This 
behavior emphasizes the necessity of analyzing 
such m aterials immediately in order to  prevent 
possible changes in phenol content on standing.

E x t r a c t i o n  P r o c e d u r e . The determ ina­
tion by this method of small am ounts of phenols 
present in a hydrocarbon m aterial requires con­
centration of the phenols by extraction from the 
hydrocarbon w ith a  minimum quantity  of an 
aqueous, basic solution. Potassium hydroxide 
solutions were found to  be preferable to  sodium 
hydroxide solutions for this purpose because of 
the generally higher solubility of the potassium 
phenolates as compared w ith the sodium phenol- 
ates. Using the experimentally chosen extrac­
tion procedure contained in th is method (which 
consists of successive extractions w ith 10 ml. of 
10% potassium hydroxide solution, 5 ml. of 
10% potassium hydroxide solution, and 5 ml. of 
water), it  was found by analysis of the extracts 
from technical octane blends th a t approximately 
94%  of the added phenol was recovered in the 
first extract, 6 %  in the second, and less than  1% 

in the last. In  these tests the sample consisted of 100 ml. of 
technical octane containing 46 mg. of petroleum cresylic acids 
(boiling range 220° to  225° C.).

An alternative extraction procedure was tried  in which the 
combined caustic extracts were acidified and the “sprung”

Table II. Relative Color Intensities Produced by N onphenolic 
Compounds

In te n s i ty  of C o lo r P ro d u c e d  
R e la tiv e  to  C o lo r f ro m  1 M g. of 

P e tro le u m  C resy lic  A cid  (b .r . 
2 2 0 -2 2 5 °  C .)

M a te r ia l
1 m g. of 
m a te r ia l

1 m g . of m a te r ia l  
+  1 m g . of p e ­

tro le u m  cresy lic  
ac id  (b .r . 

2 2 0 -2 2 5 °  C .)

T o lu en e 0 . 0 0 1 . 0 0
B en z a ld e h y d e 0 . 0 0 1 . 0 0
B en z y l a lcoho l 0 . 0 0 1 . 0 0
B enzo ic  ac id 0 . 0 0 1 . 0 0
S alicy lic  ac id 0 . 0 2 1 . 0 0
P h e n e to le 0 .0 8 1 . 0 0
T h io p h en o i 0 . 0 0 1 . 0 0
M ix ed  a lk y l th io p h e n o ls 0 .0 4 1 . 0 0
M ix e d -n a p h th e n ic  ac id s 0 . 0 0 1 . 0 0
A niline 0 .0 5 1 .0 8
P y r id in e 0 . 0 0 1 . 0 0
Q uino line 0 . 0 0 1 . 0 0
M ix ed  n itro g e n  b ase s  fro m  p e tro le u m  
M ix ed  n o n b as ic  n it ro g e n  co m p o u n d s

0 . 0 0 1 . 0 0

fro m  p e tro le u m 0 . 0 0 1 . 0 0
M e th y l e th y l k e to n e 0 . 0 0 1 . 0 0
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Table III. Influence of W ater Content of Reaction M edium  on Intensity of 
Color Produced by Various Phenols

R e la tiv e  C o lo r In te n s i ty  U sinR 5 M l. of A ce tic  A cid 
S o lu tio n  of In d ic a te d  W a te r  C o n te n t

P h en o l P re s e n t 
(1 M g.) 0 °

5 %
v o lu m e

1 0 %
v o lu m e

2 0 %
v olum e

4 0 %
v o lum e

60%
v o lum e

P heno l 1 . 0 0 1 .0 5 1 . 0 0 1 . 0 0 0 .3 0 0 . 2 0
p-C reso l 1 . 0 0 0 .7 7 0 .7 1 0 .7 1 0 .7 1 0 .6 9
o-C resol 1 . 0 0 1 .1 1 1 .1 8 1 .2 9 0 .9 5 0 .6 9
m -C re8ol 1 . 0 0 1 .1 1 1 .14 1 . 1 1 0 .7 7 0 .4 4
p -E th y lp h e n o l
m -E th y lp h c n o l

1 . 0 0 0 .8 0 0 .7 7 0 .7 4 0 .7 4 0 .7 1
1 . 0 0 1 .1 1 1 .1 4 1 .14 0 .9 5 0 .8 0

2 ,4 -D im c th y lp h e n o l 1 . 0 0 1 .43 1 .54 1 .67 1 .67 1 .6 7
2 ,5 -D im c th y lp h e n o l 1 . 0 0 1 .33 1 .5 4 1 .54 1 . 1 1 0 .7 7
2 ,6 -D im e th y lp h e n o l 1 . 0 0 2 .5 0 3 .6 0 4 .4 0 4 .4 0 4 .0 0
3 ,4 -D im e th y lp h e n o l 1 . 0 0 1 .0 5 1 .0 8 1 .0 5 0 .8 3 0 .7 7
3 ,5 -D im e th y lp h e n o l 1 . 0 0 1 .1 5 1 . 2 0 1 .07 0 . 8 6 0 .6 4
2 ,3 ,5 -T rim e th y lp h e n o l 1 . 0 0 1 . 2 0 1 . 2 0 1 . 1 1 0 .9 7 0 . 8 8
P e tro le u m  cresy lic  ac id s 

B o ilin g  ra n g e  2 0 0 -2 2 0 ° C . 1 . 0 0 1 .2 5 1 .3 3 1 .5 4 1 .5 4 1 .4 3
2 2 0 -2 2 5 ° C . 1 . 0 0 1 .3 3 1 .33 1 .3 3 1 .43 1 .4 3
2 2 0 -2 4 0 ° c. 1 . 0 0 1 .14 1 .2 5 1 .33 1 .33 1 .2 5
2 3 5 -2 9 0 ° c. 1 . 0 0 1 .1 5 1 .2 5 1 .3 0 1 . 2 0 1 .1 5
2 0 0 -2 3 5 ° c. 1 . 0 0 1 .1 8 1 .3 8 1 .54 1 .5 4

U sed  as  s ta n d a r d  of c o m p ariso n  fo r each  p heno l o n ly ; n o t  in te rc o m p a ra b le .

acetic acid-potassium acetate solution failed to ex­
trac t the phenols quantitatively or the color complex 
was soluble in the insoluble hydrocarbon layer which 
had to bn removed by filtration.

C o l o r  D e v e l o p m e n t  P r o c e d u r e . The most 
critical variable factors involved in the color de­
velopment procedure were studied to determ ine their 
possible effect on the reproducibility of the method 
and to discover their optim um  values. The com­
position of the reaction medium is an im portant 
factor. Variations in the concentration of either 
water or inorganic salts may have appreciable effects 
upon the intensity of the color of the final solution. 
The magnitude of these effects is indicated by the 
da ta  of Table I I I . W ith most phenols variations 
in water content produced the least effect when 10 to 
40% w ater was initially present; consequently, 20%  
water seemed most desirable. For the sake of uni- 

_ _ _  formity and convenience the composition of the re­
action medium was standardized a t the composition 
corresponding to th a t obtained in the extraction pro­

cedure by diluting the accum ulated caustic and w ater extracts 
to  100 ml. with glacial acetic acid. U nder the conditions of the 
test the presence of the potassium acetate gave no undesirable 
effects and did not materially change the color intensity.

For the standard reaction mixture volume of 5 ml. it  was 
found th a t the quantity  of concentrated sulfuric acid could be 
varied between 3 and 12 drops w ithout noticeable effect; simi­
larly, the volume of saturated  sodium nitrite  solution could be

the result. The 
quantity  of ammonia finally added to the reaction m ixture was 
w ithout effect on the color intensity, provided th is am ount was a t 
least 175% of th a t required for neutralization of the acids present. 
However, different color intensities were produced if care was not 
taken  to  keep the mixture cool while neutralizing w ith ammonia.

The time of standing of the reaction mixture (after addition 
of the sulfuric acid and sodium nitrite) before neutralization with

phenols extracted w ith diethyl ether, the ether extracts concen­
trated  to  a small volume by evaporation, the phenolic residue 
dissolved in acetic acid, and the  color developnient carried out 
by the direct procedure. However, this procedure gave results 
which were generally about 3%  low, indicating incomplete re­
covery of the phenols.

A variety of caustic solutions were tried as possible extractants 
for the phenols. None showed any definite advantage over the 
10% potassium hydroxide solution initially decided upon. Gen­
erally, very concentrated solutions interfered w ith the color de­
velopment by precipitating a  large am ount of salts when the al­
cohol was added. Modification of the recommended extraction 
procedure m ay be required in instances where the samples con­
tain highly substituted alkyl phenols which are no t easily extract- 
able by 10%  potassium hydroxide solution.

The application of the direct procedure to  hydrocarbon samples 
was found to  give low, erratic results even when the sample con­
tained relatively high phenol concentrations. Evidently the

Figure 4 . Spectral Characteristics of Color Comparison Solutions 
for Phenols and Phenolic M ixtures

Instrument, Coleman spectrophotometer. M odel 10S 
Cell depth/ 13 mm. (square)

1. Reagent blank
2. 0.5  mg. of hydroquinone
3. 0 .62 mg. of petroleum cresylic acid (b.r. 22 0-2 25° C .)
4 . 0.5  mg. of resorcinol

350 

Figure 3.

450  500 550 6 0 0
Wave Length/ millimicrons 

Spectral Characteristics of Color Comparison Solutions 
for Phenols

Instrument, Coleman spectrophotometer/ Model 10S 
Cell depth, 13 mm. (square)

1. 0.5  mg. of p-cresol 3. 0 .6  mg. of phenol
2. 0.5 mg. of m-cresol 4 . 0.5 mg. of o-cresol
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Tabic IV . Influence of Time of Standing before Neutralization on Intensity 
of Color Produced by Phenols

N e t C o lo rim e te r  R e a d in g  fo r In d ic a te d  T im e  of

phenol m aterial which closely corresponds to  
present in the sample being analyzed.

th a t

W e ig h t, S ta n d in g  b efo re  N e u tra l iz a t io n 0
P h en o l p re se n t M g . 5 m in . 10  m in . 2 0  m in . 30 m in . 40 m in .

P h en o l 0 . 2 0 7 8 .2 1 1 4 .0 176 .5 1 9 0 .0 1 9 6 .0
P h en o l 0 .8 0 313 495 560 564 580
o-C resol 0 . 2 0 2 1 1 . 0 2 1 1 . 0 2 1 3 .0 2 1 3 .0 2 1 3 .0
p-C reso l 0 . 2 0 <1 0 .0 9 2 .0 9 2 .0 9 2 .0 9 2 .0
7>-C reso l 1 . 2 0 540 540 553 553 553
m -C reso l
P e tro le u m  cresy lic  ac id

0 . 2 0 16 2 .0 1 5 6 .0 142 .0 1 4 2 .0 1 4 2 .0

B o iling  ran g e 2 0 0 -2 2 0 °  C . 0 . 2 0 1 4 7 .0 1 4 8 .0 1 3 7 .5 1 3 7 .0 1 3 2 .0
2 0 0 -2 2 5 °  C . 0 . 2 0 1 3 6 .0 1 3 6 .0 1 2 8 .0 1 2 8 .0 1 2 1 . 0
2 2 0 -2 2 5 °  C . 0 . 2 0 9 8 .8 ' 9 7 .5 9 3 .4 8 8 . 2 8 2 .5
2 2 0 -2 2 5 °  C . 1 . 2 0 582 582 535 529 506
2 2 0 -2 4 0 °  C . 0 . 2 0 7 9 .0 7 9 .0 8 0 .0 7 3 .0 7 3 .0
2 3 5 -2 9 0 °  C . 0 . 2 0 5 4 .0 5 4 .5 5 4 .0 5 0 .0 4 8 .0

D ISCU SSIO N

° A ll s o lu tio n s  a llow ed  to  s ta n d  23 to  24 h o u rs  a f te r  n e u tra liz a tio n  b efo re  m e asu rin g  
co lo r in te n s i ty .  A ll m e a su re m e n ts  w ith  K le t t-S u m m e rso n  p h o to e le c tr ic  co lo r im e te r .

Table V .  Influence of Time of Standing after Neutralization on Intensity 
of Color Produced by Phenol M ixtures

P h e n o l P re s e n t

P e tro le u m  cresy lic  ac id s  
B o ilin g  ra n g e  2 2 0 -2 2 5 °  C .

2 0 0 -2 2 0 c 
2 0 0 -2 2 5 c 
2 0 0 -2 3 5 c 
22 0 -2 4 0 °  
2 2 5 -2 4 5 °  
2 3 5 -2 9 0 °

W e ig h t,
M g .

1 .0 6
1 .0 3  
0 .9 7  
1 .1 6
1 .0 3  
1.01
1 .03

N e t C o lo r im e te r  R e a d in g  fo r  In d ic a te d  T im e  of
_______ S ta n d in g  a f t e r  N e u tr a l iz a t io n 0__________
0 h o u r  0 .25  h o u r  1 h o u r  4 h o u r  24 h o u r

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

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

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

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

a A ll s o lu tio n s  a llo w ed  to  s ta n d  15 m in u te s  b e fo re  n e u tra l iz a t io n . A ll m e a s u re m e n ts  
m a d e  b y  S p e k k e r  p h o to e le c tr ic  a b s o rp tio m e te r .

ammonia had an im portant bearing upon the color intensity of 
the final solution. In  Table IV  are summarized da ta  showing the 
observed effects w ith samples of various phenols when the time 
of standing before neutralization was varied, other factors being 
m aintained constant. There was no definite trend observed in 
the tim e range studied. However, a  15- to  30-minute period of 
Standing before neutralization gave a  fairly constant intensity of 
color for the m ajority of phenols; w ith phenol itself a  30- to  45- 
m inute period gave essentially maximum color development. 
Consequently, these limits were incorporated into  the method.

H eating of the reaction m ixture was found unnecessary for 
development of the full color intensity. T ests indicated th a t the 
color developed to approximately the same in tensity  in the same 
period of time a t 40° C. as a t 25° C.

The color intensity of the final solution was generally found to 
increase gradually w ith time. T he da ta  of Table V indicate th a t a 
minimum period of standing of 4 hours after neutralization is de­
sirable to  avoid minor errors. Experience has indicated th a t over­
night standing is preferable when tim e perm its. V ariation in 
tim e of standing before or after neutralization did not appear to  
a lter the relative spectral characteristics of the color comparison 
solutions.

A C C U R A C Y  A N D  P RECISIO N

T he accuracy and precision of th e  proposed method were de­
term ined by analysis (using th e  extraction procedure) of samples 
of technical octane to  which known am ounts of alkyl phenols had 
been added. These data , presented in Table VI, show th a t with 
a satisfactory photoelectric colorimeter results can be obtained 
by th e  extraction procedure w ith a  precision of be tter than  =*= 1%  
(0.01 mg.). T he precision of the direct procedure is generally 
limited by  the repeatability  of the photoelectric colorimeter used; 
w ith a  sensitive colorimeter and selective light filter a precision 
of =*=0.5% (0.005 mg.) is generally obtained.

The system atic error is less th an  2%  of the actual concentra­
tion  and is generally a negative error. However, the accuracy of 
the method is dependent largely upon choosing as a  standard  a

The proposed method has been found applicable to 
th e  determ ination of naphthols, monohydroxyphcnols, 
and dihydroxyphenols in a  large variety  of sub­
stances; very few nonphenolic compounds interfere 
w ith the method. Through use of either the direct or 
extraction procedure satisfactory analyses have been 
obtained w ith many different types of samples, in­
cluding gasoline, kerosene, fuel oil, thinners, hydro­
carbon solvents, naphthenic acids, concentrated 
phenols, alcohols, polymers, chemical preparations, 
aqueous treating  solutions, and other similar materials.

W ith samples containing a phenol or a  m ixture 
of phenols which has been partially identified the pro­
posed method will give results w ith accuracy and pre­
cision comparable to  m ost photoelectric methods. 
As a  method for the analysis of a complex group 
of phenolic compounds, such as those occurring in 
petroleum products, the  accuracy of the m ethod de­
pends upon the proper choice of standard. In  most 
cases the results need only be relatively accurate, a  
condition which can be realized by use of an arbitrarily 
chosen standard such as pure phenol or o-cresol. In 
cases where the identity  of the phenol is unknown 
y e t accurate results are needed, i t  is necessary to

  isolate a  small quantity  of the phenol or phenol
mixture. W ith aqueous solutions this can be accom­
plished by adjusting the solution to  contain a  slight ex­

cess of strong base (pH 12), filtering, adjusting the filtrate to  the 
phenolphthalein end point (pH  8.5), and separating the phenols 
by centrifuging. W ith nonaqueous solutions, a  quan tity  of 
sample is extracted -with caustic solution and the phenols are 
sprung from the extract in the m anner described.

Since only a few milligrams of the concentrated phenol m ixture 
are required and quantitative recovery is not essential, isolation

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

0.' 382 
0 .3 8 3  
0 .2 5 8

Wave Length, millimicrons

Figure 5. Spectral Characteristics of Color Comparison Solutions 
for Isomeric Dim ethyl Phenols

Instrument, Coleman spectrophotometer. M odel 10S  
Cell depth, 13 mm. (square)

0.58 mg. of 3,5-dimethylphenol 
0.54 mg. of 2,5-dimethylphenol

3.
4.

0 .54  mg. of 2,3-dimethylphenol 
0 .54  mg. of 2,4-dimethylphenol
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Table V I . A ccu racy  and Precision of Proposed Method
P e tro le u m  C resy lic  A cids C resy lic

(B .R . 2 2 0 -2 2 5 ° C .) A dd ed  A cids Found® R eco v ery
M g . /100 m l. technical octane M g. %

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

S y s te m a tic  e rro r - 1 . 9
S ta n d a rd  d ev ia tio n ± 0 .7

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

S y s te m a tic  e rro r - 0 . 7
S ta n d a rd  d ev ia tio n ± 0 . 6

a S p ek k e r  p h o to e le c tr ic  a b s o rp tio m e te r .

of the phenols presents only a minor problem. In any application 
it m ust alw ays be realized th a t the colorimeter response per milli­
gram of phenol is a  specific property of th a t phenol or phenol

mixture only—th a t is, the am ount of color produced by the vari­
ous phenols varies markedly. Accuracy of the method will de­
pend upon the proper choice of a standard.

The experimental w ork ' reported in th is paper dem onstrates 
the wide scope and versatility of the method. I t  has found ex­
tensive use in research, control, and specification analytical work 
involving various types of m aterials and phenolic compounds.
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A n alysis  of Ternary Mixtures of Methylcyclohexane- 
Toi uene- A n il ine

C. S . C A R L S O N 1,  A .  E . S C H U B E R T 2, a n d  M . R . F E N S K E  

Petroleum Refining Laboratory, School of Chemistry and Physics, The Pennsylvania State C o llege , State C o llege, Pa.

A  method of analyzing the ternary mixture m ethylcyclohexane- 
toluene-aniline has been developed. The refractive index of the 
ternary mixture and of the residual binary hydrocarbon after remov­
ing the aniline by acid extraction com pletely defines the ternary 
system. W ith the aid of an experim entally established curve, the 
ternary analysis can be found.

T H E  analysis of a  binary liquid mixture can often be made by 
measuring one physical property such as refractive index or 

density, when a second variable such as tem perature is fixed. The 
introduction of a  third component complicates the problem and 
necessitates fixing another variable to  perm it analysis by the 
measurement of one physical property. Unfortunately, fixing 
another variable is no t easy, since both tem perature and pressure 
(1 atmosphere) have already been fixed for the two-component 
system.

Varteressian and Fenske (£) analyzed mixtures of n-heptane- 
mcthylcyclohexane-anilinc by means of refractive index meas­
urements for the special case of liquid-liquid extraction where the 
solution was saturated  and in equilibrium w ith a  second immis­
cible solution a t  a  given tem perature and pressure, and also ap­
plied this method to  the system  benzene-ethyl alcohol-water (1) 
under the same conditions. T he method of analysis described in 
this paper is concerned w ith the case where the solution is not 
sa turated  under specified conditions, b u t exists as a completely 
miscible solution.

P RO PERTIES  O F  M A T E R IA L S  U SED

T he methylcyclohexane was the best commercial grade fur­
nished by the Rohm and H aas Company of Philadelphia. I t  was 
extracted w ith concentrated sulfuric acid, washed, dried, and then 
fractionated in a laboratory column of approxim ately 35 theoreti­
cal plates. The best cuts from the fractionation were combined

1 P re s e n t a d d re s s , S ta n d a rd  O il D e v e lo p m e n t C o m p a n y , L in d en , N . J .
- P re s e n t a d d re ss , G en e ra l E le c tr ic  C o m p a n y , S ch e n e c ta d y , N . V.

and used :n this work, 
properties:

The purified m aterial had the following

50%  boiling poin t a t  760 mm., ° C. 
0 to 50%  boiling poin t spread, ° C. 
Density, d j°
R efractive index, nH?

100.90
0.0
0.7695
1.42310

The toluene was also purified before use. T he best commercial 
grade of n itration  toluene furnished by the B arre tt Company, 
Frankford, Pa., was fractionated in a  large column of approxi­
m ately 75 theoretical plates. The best cuts from the fractiona­
tion were sulfonated with concentrated sulfuric acid and separated 
from im purities by steam -distillation, a fter which the toluene was 
regenerated by hydrolysis. The regenerated toluene was then  
first fractionated to remove any by-product of hydrolysis. The 
purified m aterial had the following properties:

50% boiling point a t  760 m m., ° C. 
0 to 50%  boiling poin t spread, ° C. 
Freezing point, 0 C.
Density, d j “
R efractive index, np°

110.65
0.0

- 9 5 .2
0.8672
1.49685

T he aniline was the w ater-white commercial product of the 
Dow Chemical Company. Before use, i t  was dried over B aker’s 
sodium hydroxide pellets and then subjected to  three successive 
simple distillations, discarding a generous portion of the fore-

Table 1. A n a lys is  of M ixtures of M ethylcyclohexane-To luene- 
A n ilin e

(U sing  re f ra c tiv e  in d e x  of b in a ry  h y d ro c a rb o n  m ix tu re  a n d  of te r n a r y  
m ix tu re )

C o m p o s itio n  of T e s t  M ix tu re s , W e ig h t P e r  C e n t 
G ra v im e tr ic
C o m p o sitio n  B y  A n a ly s is  P e r  C e n t E r r o r

M °  T  A  M  T  A M  T  A
8 .2 4

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

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

1 4 .8 5
4 0 .7 0

54 .9 5
5 5 .6 0  
5 6 .7 0  
7 1 .9 0
2 2 .6 0

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

3 7 .1
2 3 .4  

9 .3
1 4 .6
4 0 .4

5 4 .6
5 5 .8
5 7 .3
7 2 .3
22.8

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

+ 0 .8 1
- 0 . 5 1
- 3 . 1 3
- 1 .68
- 0 . 7 4

- 0 . 6 4  
+ 0 . 3 6  
+  1 .0 6  
+  0 .5 6  + 0.88

a M  =  m e th y lc y c lo h e x a n e , T  ==> to lu e n e , A  *  an ilin e .
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Table II. Composition of Hydrocarbon Portion of Ternary M ixtures, 
M ethylcyclohexane-To luene-Aniline

(E x p re sse d  as  m ole p e r  c e n t m e th y lc y c lo h e x a n e  on  a  b in a ry  h y d ro c a rb o n
basis)

C o m p o sitio n  b y  R e fra c ­
t iv e  In d e x , A n a ly sis  

G ra v im e tr ic  a f te r  R e m o v a l of A n ilin e
C o m p o sitio n  b y  D ilu te  H C 1“ P e r  C e n t  E r ro r

1 7 .4  1 7 .5  0 .5 7
4 5 .5  4 5 .4  - 0 . 2 2
7 6 .7 5  7 7 .1  0 .4 0
4 5 .2  4 5 .5  0 .0 6
4 5 .9  4 6 .0 5  0 .3 3

° O ne v o lu m e  of c o n c e n tra te d  h y d ro c h lo r ic  ac id  d ilu te d  to  5  v o lu m es  w ith  
d is ti lle d  w a te r.

runnings and the residue. T he purified aniline had the following 
properties:

Density, d .°  1.0219
R efractive index, » î?  1 .5S63

Since the system  being analyzed consists of one phase and three 
components, the phase rule, P  +  V  =  C +  2, indicates th a t there 
arc four variables. Two variables, tem perature and pressure, 
can be easily fixed. When a  th ird  variable is fixed, measurem ent 
of a fourth variable will define the system. The th ird  variable 
fixed is the ratio  of methylcyclohexano to  toluene or the composi­
tion of the hydrocarbon portion of the m ixture on a  solvent-free 
basis.

Tabic II I . Refractive Index vs. Composition of M ethylcyclohexane- 
To luene-A n iline M ixtures with M o le  Per Cent M ethylcyclohexane 

in Toluene as Parameter0

Wt. % 
A niline

n p* T e rn a ry  
M ix tu re

W t. %
A n ilin e

« d  T e rn a ry  
M ix tu re

0 .0  M ole  % ° 9.9  M o le  %

0.00
1 0 .4 0  
2 0 .8 0  
3 1 .3 5  
4 0 .6 0
5 0 .4 0  
6 0 .3 0  
7 0 .7 0  
8 0 .2 0

1 .4 9 6 9  
1 .5 0 4 8  
1 .5 1 3 2  
1 .5 2 2 6  
1 .5 3 0 6  
1 .5 3 9 4  
1 .5 4 8 6  
1 .5581 
1 .5 6 6 9

0.00
9 .9 6

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

1 .4 8 7 4  
1 .4 9 5 7  
1 .5 0 4 8  
1 .5 1 3 6  
1 .5241  
1 .5 3 3 4  
1 .5 4 3 9  
1 .5 5 3 5  
1 .5 6 6 4

2 0 .2  M ole  % 3 0 .3  M o le  %

0.00
10.20
2 0 .7 0
3 0 .3 0
4 0 .4 0  
5 0 .8 5  
6 0 .5 5
7 0 .4 0
7 7 .3 0

1 .4 7 8 4  
1 .4 8 8 0  
1 .4981  
1 .5 0 7 6  
1 .5181  
1 .5291  
1 .5 3 9 8  
1 .5 5 1 2  
1 .5 5 8 2

0.00
1 1 .4 6
2 0 .2 5
3 0 .2 0  
4 0 .4 0
5 1 .2 0  
6 0 .1 0  
7 0 .5 0
8 0 .2 0

1 .4 7 0 0  
1 .4 8 0 9  
1 .4 8 9 7  
1 .5 0 0 2  
1 .5 1 1 5  
1 .5 2 3 5  
1 .5 3 4 3  
1 .5 4 7 0  
1 .5591

4 0 .0  M ole % 49 .0 5  M o le  %
0.00

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

1 .4621
1 .4 7 3 0
1 .4831
1 .4 9 4 4
1 .5 0 7 0
1 .5 1 8 8
1 .5 3 0 0
1 .5 4 4 0
1 .5 5 8 6

0.00
1 0 .5 0  
2 0 .1 5  
2 9 .9 0  
4 0 .4 5  
5 0 .6 5
6 1 .5 0  
7 0 .7 0  
7 9 .8 0

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

59 .4  M o le  % 70.1 M ole  %
0.00
9 .9 0

1 9 .7 0
3 0 .2 5
4 0 .4 0
5 0 .1 0
■60.20
7 0 .2 0
8 0 .6 0

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

0.00
10.20
2 9 .8 0
2 6 .4 5
4 0 .7 0
5 0 .6 0
6 0 .4 0
6 9 .2 0
8 0 .2 0

1 .4 4 0 8  
1 .4 5 2 0  
1 .4 7 6 2  
1 .4 7 2 2  
1 .4 9 0 5  
1 .5 0 4 6  
1 .5191  
1 .5 3 3 5  
1 .5 5 1 5

78 .4  M ole  % 9 0 .0  M ole  %

0.00
1 0 .9 0
1 9 .5 0  
3 0 .3 0
4 0 .5 0  
4 9 .8 0
6 9 .9 0
7 9 .9 0

1 .4 3 5 5  
1 .4 4 7 2  
1.4,580 
1 .4 7 2 0  
1 .4 8 6 5  
1 .5 0 0 0  
1 .5 3 2 5  
1 .5 4 9 4

0.00
1 0 .5 0
2 0 .4 0

1 .4 2 8 5
1 .4 4 0 0
1 .4 5 0 5

P h a se  s e p a ra t io n  o cc u rre d  
here

a M o le  %  m e th y lc y c lo h e x a n e  in  to lu e n e  on b in a ry  b asis .

A N A L Y T IC A L  P R O C E D U R E

The refractive index, of the ternary  m ixture is read. The 
aniline is then rem oved from the m ixture by extraction w ith dilute 
hydrochloric acid (1 volume of concentrated acid diluted to  5 
volumes w ith distilled water). The refractive index, n™, of the 
hydrocarbon after this extraction is also read. From  the la tte r 
datum , the composition of the hydrocarbon m ixture can be ob­
tained by means of a refractive index-com position chart. This 
composition and the refractive index of the ternary  m ixture are 
used in conjunction w ith the curves in Figure 1 to obtain the 
weight per cent of aniline in the ternary  m ixture. From  this 
value and the composition of the hydrocarbon portion of the 
mixture, the over-all composition is calculated.

T o chock the accuracy of this method of analysis, five mixtures 
of methylcyclohexane-toluene-aniline were made up gravimctri- 
caliy and analyzed. The gravimetric analyses and the experi­
mental analyses of the m ixtures are listed in  Table I. The per­
centage error is based upon the gravimetric analysis as correct. 
Exam ination of the analyses shows good agreem ent in most 
cases, while no value is greatly in  error.

Two sources of error exist in  these analyses: the accuracy w ith 
which the refractive index of the ternary  m ixture can be read, and 
the accuracy of the hydrocarbon analysis after the aniline has 
been removed by dilute hydrochloric acid extraction. A study 
of the data  in Table I I  will show th a t in alm ost every ease the 
accuracy of the hydrocarbon analysis is within the accuracy of the 
refractive index measurem ents. Here again the percentage error 
is based upon the gravim etric composition.

T he technique employed in obtaining the curves in Figure 1 
was as follows:

A binary hydrocarbon m ixture of methylcyciohexane-toluene of 
known composition was weighed ou t and combined w ith weighed 
am ounts of aniline. The refractive indexes of these mixtures 
were read and a  curve of refractive index versus weight per cent 
aniline was plotted w ith mole per cent methylcyclohexane in the 
binary hydrocarbon m ixture as param eter. T en points were ob­
tained to  establish each curve, and nine such curves were deter-

MOL PER CENT METHYLCYCLOHEXANE 
IN  T O LU E N E  ON SOLVENT-FREE BASIS

Figure 1 . A n a lys is of Ternary M ixtures
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Table IV . Refractive Index, M o le  Per Cent Hydrocarbon Composition Data for Figure 1 for System
M ethylcyclohexane-To luene-Aniline

M ole %  M e th y l-
lohexane" 0 9 .9 2 0 . 2 3 0 .3 4 0 .0 4 9 .0 5 5 9 .4 7 0 .1 7 8 .4 9 0 .0
%  an ilin e
te rn a ry R e fra c tiv e  In d e x  of T e rn a ry  M ix tu re

0 1 .4 9 6 9 1 .4874 1 .4 7 8 4 1 .4 7 0 0 1 .4621 1 .4 5 5 2 1 .4 4 7 9 1 .4 4 0 8 1 .4 3 5 5 1 .4 2 8 5
5 1 .5 0 0 6 1 .4 9 1 4 1 .4831 1 .4 7 4 7 1 .4671 1 .4601 1 .4 5 3 0 1 .4461 1 .4 4 0 6 1 .4337

10 1 .5 0 4 5 1 .4 9 5 7 1 .4 8 7 8 1 .4795 1 .4723 1 .4653 1 .4585 1 .4517 1 .4462 1 .4394
15 1 .5 0 8 5 1 .5 0 0 0 1 .4 9 2 6 1 .4845 1 .4777 1 .4709 1 .4642 1 .4 5 7 7 1 .4522 1 .4 4 5 5
2 0 1 .5 1 2 5 1 .5 0 4 6 1 .4 9 7 4 1 .4896 1 .4831 1 .4767 1 .4701 1 .4 6 3 9 1 .4 5 8 5 1 .4522
25 1 .5 1 6 8 1 .5091 1 .5024 1 .4947 1 .4 8 8 7 1 .4827 1 .4761 1 .4 7 0 0 1 .4 6 5 0
30 1 .5211 1 .5 1 3 8 1 .5073 1 .4999 1 .4944 1 .4 8 8 9 1 .4 8 2 3 1 .4 7 6 5 1 .4717
35 1 .5 2 5 5 1 .5 1 8 5 1 .5124 1 .5 0 5 3 1 .5 0 0 0 1 .4 9 5 0 1 .4 8 8 7 1 .4 8 2 9 1 .4 7 8 6
40 1 .5 3 0 0 1 .5 2 3 3 1 .5 1 7 5 1 .5108 1 .5 0 5 9 1 .5013 1 .4953 1 .4 8 9 5 1 .4 8 5 7
45 1 .5 3 4 5 1 .5281 1 .5 2 2 7 1 .5164 1 .5119 1 .5076 1 .5 0 2 0 1 .4964 1 .4 9 2 9
50 1 .5391 1 .5 3 3 0 1 .5281 1 .5221 1 .5181 1 .5 1 4 0 1 .5 0 8 8 1 .5 0 3 7 1 .5004
55 1 .5 4 3 7 1 .5381 1 .5 3 3 6 1 .5280 1 .5243 1 .5 2 0 5 1 .5 1 5 8 1 .5 1 1 1 1 .5081
60 1 .5 4 8 3 1 .5432 1 .5 3 9 2 1 .5340 1 .5 3 0 8 1 .5271 1 .5 2 2 9 1 .5 1 8 8 1 .5 1 6 0
65 1 .5 5 2 8 1 .5483 1 .5 4 4 9 1 .5401 1 .5 3 7 3 1 .5339 1 .5 3 0 2 1 .5267 1 .5 2 4 2
70 1 .5 5 7 4 1 .5537 1 .5 5 0 6 1 .5463 1 .5441 1 .5409 1 .5 3 7 7 1 .5 3 4 8 1 .5 3 2 6
75 1 .5 6 2 0 1 .5 5 8 9 1 .5564 1 .5526 1 .5509 1 .5 4 8 0 1 .5 4 5 5 1 .5 4 2 9 1 .5 4 1 0
SO 1 .5667 1 .5641 1 .5 6 2 2 1 .5589 1 .5 5 7 8 1 .5 5 5 3 1 .5534 1 .5 5 1 2 1 .5 4 9 6
82 1 .5 6 8 6 1 .5 6 6 3 1 .5645 1 .5 6 1 5 1 .5 6 0 5 1 .5583 1 .5 5 6 5 1 .5 5 4 5 1 .5531

C o m p o s itio n  o f h y d ro c a rb o n  m ix tu re  on b in a ry  b asis .

mined. Curves were easily fitted to the experimental points 
which are given in Table II I . Since the weight per cent aniline 
was the desired param eter in this work, a  cross plot was made, 
taking points from the curves a t  each 5 weight per cent aniline. 
These data, given in Table IV, provided nine points to  establish 
each curve in Figure 1.

The curves in  Figure 1 are not straight lines as is sometimes 
assumed. C harts similar to  Figure 1 can be constructed com­
pletely on a mole basis or on a weight basis by converting the data 
in Table IV  to the desired values.
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C O N C L U S IO N S

Ternary m ixtures of methyl- 
cycloh ex an e-to lu o n o -an ilin e  
can be analyzed rapidly and 
with good accuracy by read­
ing the refractive index of the 
ternary mixture, followed by 
reading the refractive index of

_________________   the hydrocarbon portion of the
m ixture after the aniline has 
been removed.

The same procedure may be useful for analyzing other types of 
hydrocarbon-solvent systems.
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Rapid Photometric Determination of Iron in A l  uminum 
A llo y s

M IC H A E L  S T E V E N S  PEPI

M etallurgical Laboratory, Ranger A ircraft Engines D ivision , Fairchild Engine and A irp lan e  Corporation, Farmingdale, L . I . ,  N . Y.

A  method for the photometric determination of iron in aluminum 
alloys is based on the reaction of ferrous iron and 1,10-phenanthro- 
line. The information given in this report is concerned with the for­
mation, stab ility , and reproducibility of the reaction of ferrous iron 
and 1,10-phenanthroiine. The method is rapid and the accuracy 
obtained is ± 0 .0 5 %  of the amount present.

A N UM BER of papers (1, 3, 5, 7) have described the use of 1,- 
10-phenanthroline in the photometric determination of 

iron in foods, iron ores, and biological materials.

Smith and R ichter summarized work done with 1,10-phenan- 
throline up to  1944 (£>).

Blau gave a description of the properties of 1,10-phenanthroline 
along with the method of preparation (1). Walden, H am m ett, 
and Chapman showed th a t the complex ion formed with ferrous 
iron and 1,10-phenanthroline has a high oxidation potential and 
m ay be used as an indicator in certain oxidimetric procedures (7). 
Saywell and Cunningham developed a photom etric method for 
determining small am ounts of iron in fruit juices (5). In  the 
field of m etallurgical analysis, Mehlig and H ulett described a 
m ethod for the photom etric determ ination of iron in iron ores (3).

The purpose of the work described in this paper was the de­
velopment of a rapid and accurate method for the determination 
of iron in aluminum alloys based upon the formation of ferrous 
phenanthroline complex.

E X P E R IM E N T A L  W O R K

The reaction of 1,10-phenanthroline and ferrous iron is the 
basis for the work described in th is paper. At the time of the in­

vestigation, there were no known published papers describing 
the use of 1, 10-phenanthroline in the determ ination of iron in 
aluminum alloys.

The reaction of 1,10-phenanthroline and ferrous iron produced 
an orange colored solution, the color intensity  varying w ith the 
iron content.

M ethods for dissolving alum inum were investigated. H ydro­
chloric acid (1 to  1) was found to be the best solvent for this pur­
pose; i t  also aided in the removal of interfering ions, which are 
insoluble in hydrochloric acid. I f  sodium hydroxide were used, 
hydroxylamine hydrochloride when added would ac t as an  oxi­
dizer of iron instead of a  reduetant (4).

The following were the available reductants: 10% aqueous 
solution of hydroxylamine hydrochloride, 0.25 m olar solution of 
stannous chloride, 10%  solution of sodium sulfite, formaldehyde, 
and hydroquinone. T he 10% solution of hydroxylamine hydro­
chloride proved to  be the best, as appreciable errors showed up 
when the other reductants were used. This was due to  the com­
plexes formed w ith iron which kep t the 1, 10-phenanthroline from 
reacting completely w ith it.

All spectrophotom etric m easurem ents were m ade w ith the 
Coleman Universal spectrophotom eter Model 11; the cell thick­
ness for this instrum ent is 13 mm. For routine work the Fisher 
AC Model electrophotom eter m ay be used w ith a  filter of 490 m^; 
the cell thickness is 23 mm.

To determ ine the wave length which would produce the maxi­
m um  absorption, a  representative concentration of the solution 
was examined a t  a  series of wave lengths. The peak of absorp­
tion when using the Coleman spectrophotom eter is a t  490 m/z. 
T he representative sam ple used contained 0.50% iron.

A series of photom etric measurem ents showed th a t 15 m inutes 
after the 1, 10-phenanthroline was added the color became stable 
and remained so for a t  least 48 hours. The tests were discon­
tinued a t  the end of this period.
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Very few ions interfere w ith the determ ination of iron in alu­
m inum alloys. Fortune and Mellon m ade an exhaustive general 
s tudy  of ions which interfere w ith  the reaction of ferrous iron and 
1,10-phenanthroline. The w riter found th a t silicon, copper, and 
bism uth interfere w ith the determ ination of iron in aluminum 
alloys (2), b u t these elements are insoluble in hydrochloric acid 
and, therefore, can be removed by filtration. Zinc forms a pre­
cipitate w ith 1,10-phenanthroline. W ith  small am ounts of zinc, 
i t  was possible to  prevent appreciable interference by adding a 
slight excess of 1,10-phenanthroline. Unless th e  concentration 
of zinc was greater th an  10 parts  per million i t  caused no appre­
ciable error. The absence of interfering ions makes the method 
ideal for rapid, routine work.

R E A G E N T S  R EQ U IR ED

H ydrochloric  A cid (1 to  1), 1000 m l. o f d istilled  w ater and  
1000 m l. o f c.p . hydroch loric  acid  (specific g ra v ity  1 .19).

H y d r o x y la m in e  H y d r o c h lo r id e  (10%). Dissolve 10 grams 
of c . p . hydroxylamine hydrochloride crystals in 100 ml. of dis­
tilled water. (Store in refrigerator. D o no t use if the solution 
has a brown color.)

1 ,1 0 -P h e n a n t h r o l i n e  (0.25%). Dissolve 0.500 gram of 
c . p . 1,10-phenanthroline m onohydratc crystals in 150 ml. of 
boiling distilled water. Cool, transfer to  a  200-ml. volumetric 
flask, and dilute w ith distilled water. (Store in  refrigerator. 
Do not use if the solution has a  brown color, as this indicates 
decomposition.)

S ta n d a r d  I ron  S o l u t io n . Dissolve 1.000 gram  of pure iron 
wire in 50 ml. of concentrated hydrochloric acid. T ransfer to a 
1000-ml. volumetric flask. D ilute to  the m ark  w ith distilled 
w ater (1 ml. =  0 .1%  iron or 0.001 gram of iron).

Beer’s law was followed by the color system, as shown by the 
straight line obtained when the readings of the observed trans- 
m ittancics a t 490 m/r for the solution containing up to  5.00%  
iron were plotted logarithmically.

D ISCU SSIO N

The formation of the complex when ferrous iron reacts w ith
1,10-phenanthroline is represented by the radical: (C l2H aN j)3- 
F e ++. This is an orange-colored compound, formed when 1 
molecule of ferrous iron combines w ith 3 molecules of 1,10-phe­
nanthroline.

T he basic reaction of hydrochloric acid and the sam ple does 
no t form any ferric iron, but, upon heating, some of the ferrous 
iron m ay be converted to the ferric state. The addition of th e  
reductant, hydroxylamine hydrochloride, converts th is ferric iron 
to  ferrous. The reverse occurred when th e  sample of alum inum 
was dissolved in sodium hydroxide; instead of hydroxylamine 
hydrochloride acting as a reductant, i t  became an oxidizer of iron. 
This method compares favorably w ith other methods of determ in­
ing iron in aluminum alloys.

An im portant advantage over other photom etric methods for 
determ ination of iron is th a t the pH  need not be regulated closely. 
However, the ferrous color will no t develop a t  a  pH  much below 
2, and the reduction of iron w ith hydroxylamine is slow a t a  pH 
much above 3. The color formation occurs in the acid solution, 
eliminating the difficulties usually caused by precipitation of 
m etal hydroxides and hydrated  oxides in  alkaline solution. An­
other advantage is freedom from interference of diverse ions.

Table Comparison of 1,10-PhenanthroIine Photometric M ethod 
and O ther Methods

S am p le  N o.

114B
85 
8 6 B 

4064 
3044 
2624 
9193 

N 12L8 
N 1223

O th e r  M e th o d s 0 

%
0 .6 6  
0 .3 8  
1 .5 2  
0 .3 3  
0.68 
0 .8 0  
0 .3 2  
0 .9 8  
1.02

1 , 10 -P h e n a n th ro lin e  
P h o to m e tr ic  M e th o d

%
0.66
0 .3 9
1 .5 3
0 .3 3
0 .6 7
0 .8 0
0 .3 3
0 .9 81.00

E a c h  v a lu e  is a n  a v e ra g e  of 12 d e te rm in a tio n s . 

°  P e rm a n g a n a te  a n d  d ic h ro m a te  m e th o d s .

M E T H O D

Dissolve a 0.500-gram sample of aluminum in 30 ml. of hydro­
chloric acid (1 to  1), using a  250-ml. beaker and heating if neces­
sary. F ilter into a 500-ml. volum etric flask, using W hatm an No. 
41 filter paper. W ash five times w ith ho t distilled water, cool, and 
dilute to m ark w ith distilled water. P ipct 10 ml. of solution 
in to  a; 100-ml. volumetric flask if the sample contains up to  0.50% 
iron. P ipet 5 ml. of solution into a  100-ml. volum etric flask if 
the sample contains over 0.50%  iron. Add 1 ml. of hyroxylamine 
hydrochloride (10%) and mix. Add approximately 70 ml. of dis­
tilled w ater and mix. Add 10 ml. of 1,10-phenanthroline (0.25%) 
and  mix. D ilute to  the m ark w ith distilled water, shake thor­
oughly, and let stand  for a t  least 15 m inutes. Using the Coleman 
spectrophotom eter, set the wave length dial a t  490 and  measure 
the color density of thc_ solution. If a  Fisher electrophotometer 
is used, a 490 m/I filter is required. Use distilled w ater as refer­
ence solution.

A shortage of standard  samples made i t  necessary to  develop 
a  m ethod by which a pure iron solution could be used. This was 
possible because of the absence of interfering elements. A 1.000- 
gram  sample of pure iron wire was dissolved in 50 ml. of concen­
tra ted  hydrochloric acid, then  transferred to  a 1000-ml. volum et­
ric flask and diluted to  the m ark w ith distilled w ater (1 ml. = 
0 .1%  iron or 0.001 gram  of iron).

All results obtained in this study were calculated on the basis 
of a  pure iron solution standard  (Table I). The percentage 
error was approximately ± 0 .05%  of the  am ount present.

S U M M A R Y

The reaction of 1,10-phenanthroline and ferrous iron produces 
an orange-colored complex. Any ferric iron present is reduced 
w ith hydroxylamine hydrochloride.

Very few ions interfere w ith the color reaction. Silicon, copper, 
and bism uth are the m ost common elements present in alum i­
num alloys which interfere w ith the formation of the ferrous- 
phenanthroline complex, b u t they are elim inated by filtration 
because they are insoluble in the solvent for aluminum.

Tests prove th a t the color reaction is stable for a t least 48 
hours, thus confirming the observations of other workers.

The wave length of 490 m/i produces the maximum absorption 
of these instrum ents.

Representative samples, analyzed and plotted logarithmically, 
prove Beer’s law holds for the concentrations employed.

An accuracy of =¡=0.05% is possible w ith this method. I t  is 
more rapid than  the standard volum etric or gravim etric methods 
for determ ining iron in aluminum alloys.
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Chemical Determination of Vitamin A  in Dried W h o le  Eggs
C . R . T H O M P S O N 1, M . A .  E W A N , S. M . H A U G E , B . B. B O H R E N , a n d  F. W . Q U A C K E N B U S H

Purdue University, Lafayette, Ind.

A  chemical method is described for the determination of vitamin A  
in dried whole eggs by the use of chromatographic adsorption. 
A fte r  the sample is hydrolyzed with alkali and extracted with ethyl 
ether, the unsaponifiable fraction is adsorbed on a column of calcium 
hydroxide and the /3-carotene, cryptoxanthol, vitamin A ,  luteol, 
and zeaxanthol bands are allowed to separate. The provitamins 
are eluted and determined separately. Antim ony trichloride re­
agent is then added to the combined vitamin A  and provitamin A  
eluates and the amount of blue color determined in a photoelectric 
colorimeter. Data presented on nine samples of dried eggs show 
that the values obtained by the chemical method agree within 1 0 %  
with those obtained by bioassay.

A T T E M P T S  to  use published, chemical methods (5 , 7) for 
the determ ination of vitam in A in dried eggs in this labora­

tory failed to  give values in agreement w ith those obtained by 
bioassay. Investigation showed th a t differences resulted from 
poor extractability  of the vitam in and errors caused by the pres­
ence of large amounts of carotenols for which arbitrary  correc­
tions were no t reliable.

When extraction of dried eggs in the Waring Blcndor was 
tried as outlined in th e  method of Schrenk, Chapin, and Conrad 
(.7), a  large am ount of vitam in A remained in the residue. The 
residue was hydrolyzed w ith alkali and extracted w ith ethyl 
ether, after which the light absorption of the extract was meas­
ured a t 326 and 450 millimicrons. The values obtained indicated 
the presence of substantial amounts of both vitamin A and carot- 
enoids. Values obtained by the Carr-Price reaction further 
substantiated the presence of vitam in A.

Bioassays of the extracted residue provided further proof th a t 
ethyl ether extraction of the whole egg does not remove vitam in 
A quantitatively. In  this experiment about 200 grams of a  
dried egg sample were extracted w ith ethyl ether in a large Soxh- 
let extractor for 24 hours. The residue showed a  biological po­
tency equivalent to  14.5 I.U . of vitam in A per gram.

Various solvents were used in attem pts to  remove the vitamin 
A quantitatively. A 45-gram sample of dried egg was extracted 
with about 250 ml. of solvent in a  Soxhlet extractor. To test the 
completeness of extraction, a sample of the residue was hydrolyzed 
with alkali, the unsaponifiable m atter was extracted w ith ethyl 
ether, and the am ount of vitam in A was determined by the Carr- 
Price reaction. T he results (Table I) showed th a t ethyl ether 
was the poorest solvent of those tried for the extraction of vita­
min A. However, the solvents which were most effective for the 
extraction had relatively high boiling points, and prolonged 
heating resulted in darkening of the extract.

Large am ounts of carotenols in the dried eggs were shown to 
cause substantial errors when attem pts were made to  determine 
the vitam in A by means of the Carr-Price colorimetric procedure 
as modified by Koehn and Sherman (5). Klose, Jones, and Fe- 
vold (4) reported satisfactory agreement of results obtained by 
this method w ith those shown by bioassay. When this procedure 
was used w ith the to ta l unsaponifiable extract the values were 
consistently higher than  those w ith the bioassay procedure 
(Table I I I ,  column 3). A ttem pts to employ an arbitrary factor 
to correct for carotenoids were unsuccessful.

Reliable results were obtained by chromatographic separation 
of the unsaponifiable extract obtained after direct alkaline hy­
drolysis of the whole egg. Gillam and Heilbron (0) had shown 
th a t the vitam in A of egg yolk could be separated from xantho-

1 P re s e n t a d d re ss , U . S . A rm y  M ed ic a l N u tr i t io n  L a b o ra to ry , C h icago  9, 
111.

phylls by adsorption on calcium carbonate and elution with 
petroleum ether-benzene. However, no a ttem p t a t quantitative 
separation was made.

Prelim inary trials in this laboratory revealed th a t calcium hy­
droxide was a  better adsorbent than  calcium carbonate for the 
chromatographic separation of the carotenoids of eggs. W hen 
the unsaponifiable extract was adsorbed from a petroleum ether 
solution and the column developed w ith a  mixture of 60% ben­
zene and 40%  petroleum ether a sharp separation was obtained. 
The carotenoids were eluted from the column in the following 
order: 0-carotene, cryptoxanthol, vitam in A, luteol, and zeaxan­
thol. The identity  of 0-carotene, cryptoxanthol, and luteol was 
established by comparing light absorption curves (Beckman 
spectrophotometer, Model DU) w ith the curves of the pure 
materials (0). The zeaxanthol band contained large am ounts 
of isomerized m aterial as indicated by comparison w ith a  curve 
of pure zeaxanthol. T he am ounts of 0-carotcnc, cryptoxanthol, 
and to ta l carotenoids agreed well w ith the values obtained by 

'Schrenk et al. (7) (Table II I) . A satisfactory light-absorption 
curve on the vitam in A eluate was no t obtained. C ontributing 
to  this failure was a contam inant dissolved from the calcium 
hydroxide and Hyflo Super-Cel which absorbed in the region of 
310 to  370 millimicrons. The presence of this m aterial was 
shown by allowing the benzene-petroleum ether solution to  run 
through fresh adsorbent and determining the light absorption of 
the percolate. This m aterial gave no color w ith antim ony tr i­
chloride bu t attem pts to  remove it  completely before chrom ato­
graphing were unsuccessful.

Prelim inary attem pts to  determine vitam in A concentration 
by direct spectrophotom etric measurem ents on the eluate were 
discouraging. This was consistent w ith the observations of 
Hauge, Zscheile, Carrick, and Bohren (3) who found th a t the 
curves given by the to tal carotenoids of fresh eggs as well as 
dried eggs were very different from th a t of vitam in A alcohol, 
both in position of maximum and in shape. D enton, Cabell, 
Bastron, and D avis (I) found they could not determ ine vitam in 
A in dried eggs spectrophotom etrically because im purities ab­
sorbing in the region of the vitam in A maximum did not rem ain 
constant during storage.

Adsorption and elution of vitam in A from the calcium hydrox­
ide chromatogram were shown to  be satisfactory (Table II) . 
Crystalline vitam in A alcohol and the unsaponifiable fraction 
from standard  U.S.P. reference cod liver oil were used in  these 
tests. In  each case the vitam in was adsorbed from petroleum 
ether solution and eluted w ith benzene-petroleum  ether. The 
solvent was removed from the eluate, th e  vitam in A redissolved 
in chloroform and treated  w ith antim ony trichloride reagent,

Table I. E ffic iency of Solvents in Extraction of V itam in A  from 
Dried W hole Egg“

S o lv e n t

E th y l  e th e r

E th y l  a lcoho l 
A b so lu te  a lco h o l 
8 0 %  b e n z e n e )
2 0 %  alco h o l )
8 0 %  b en z en e  )
2 0 %  a b s o lu te  a lco h o l j 
C a rb o n  te tra c h lo r id e  
1,2 -d ic h lo ro e th a n e  
T rich lo ro e th y le n e

P e r  C e n t  of In i t ia l V ita m in  A
E x tra c tio n W e ig h t of E gg C o n te n t  of

T im e E x tr a c te d R e s id u e
H ours I .  U ./ę r a m

30 3 8 .0 9 .3
89 4 1 .7 9 .7
42 5 1 .0 2 .3
89 5 1 .5 2 .3
42 5 0 .0 2 . 0

89 5 1 .0 2 .3
94 4 3 .9 2 . 0
94 4 6 .5 1 .5
42 4 5 .5 3 .7

a V ita m in  A  c o n te n t  b y  b io a ssa y , 60 I .U . p e r  g ra m .

113
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and the light transmission determ ined w ith an Evelyn photo­
electric colorimeter. Further studies showed th a t vitam in A 
could be separated from luteol. This pigment followed vitamin 
A closely on the chromatogram.

M E T H O D

For the hydrolysis, a  5.0-gram sample is weighed into a  125-ml. 
Erlenmeyer flask, and 20 ml. of absolute m ethanol and 5 ml. of 
sa turated  aqueous potassium  hydroxide are added. The contents 
are stirred w ith a glass rod until complete suspension of the sample 
is eflecled. The flask is then heated on a steam  bath  for 10 min­
utes or until the dried egg particles are disintegrated. The 
hydrolyzate is then  cooled and transferred w ith 70 ml. of w ater 
to a 500-ml. separatory funnel. The first extraction is made with 
35 ml. of peroxide-free ethyl ether and the four subsequent ex­
tractions w ith 25- to  30-ml. portions. T he las t extractions 
should be alm ost colorless. T he ether ex tract is washed five times 
w ith 25-ml. portions of water, a fter which it  is dried over 20 
grams of anhydrous sodium sulfate for 1 hour a t  room tem pera­
ture. The ether extract is evaporated to  approxim ately 15 ml. 
under reduced pressure in a 50° C. w ater b a th  and then trans­
ferred to a 25-ml. volum etric flask w ith dry petroleum ether. 
If the solution still contains some moisture, as indicated by 
cloudiness, it should be dried with a small am ount of sodium 
sulfate.

In  the chromatographic separation 10 ml. of this solution are 
adsorbed on a  column (20 X 135 mm.) of 3 parts of calcium hy­
droxide (Braun’s L ot No. 10,588) and 2 parts  of Hyflo Super-Cel. 
The chrom atogram is developed w ith a  m ixture of 60%  benzene* 
(thiophene-free) and 40%  dry petroleum ether. T he two lowest 
bands containing (¡-carotene and cryptoxanthol are eluted sepa­
rately. The vitam in A fraction is collected until the luteol be­
gins to  give a  yellow color to  the eluate. I f  the column is properly 
packed, the (3-carotene and cryptoxanthol bands are easily dis­
tinguished. The luteol band should be sharp as i t  nears the bot­
tom of the column. F ifty  to  80 I.U . of vitam in A and 150 to  200 
micrograms of to ta l carotenoids (as (3-carotene) can be handled 
satisfactorily w ith the column described. A to ta l volume of 250 
to  500 ml. of combined (J-oarotene, cryptoxanthol, and vitam in A 
eluate is the optimum range for best results.

Table II. Recovery of V itam in A  from 
Chromatogram

a Calcium H yd rox id e

V ita m in  A V ita m in  A
S ource  of V ita m in  A A dso rbed E lu te d R ec o v e ry

I .U . I .  U. %
U .S .P . re fe re n ce  cod  liv e r  oil N o . 2 24 2 0 108

122 115 95
235 243 103

C ry s ta l l in e  v ita m in  A a lco h o l“ 1 9 .7 1 9 .0 96
2 0 .3 1 8 .5 91

P u rc h a se d  from  D is til la t io n  P ro d u c ts , Inc .

Table III. Comparison of Chemical and Bioassay Methods"
C h em ica l M e th o d s

A fter removing the solvent from the (3-carotene and crypto­
xanthol fractions, they are taken up in 10 ml. of petroleum ether 
and the light transmission is measured by means of the Evelyn 
photoelectric colorimeter with the standard  440 m/j filter. These 
solutions arc then recombined w ith the vitam in A fraction and 
the solution is evaporated under reduced pressure a t  50° C. to 
approxim ately 15 ml. This solution is then transferred to a 25- 
ml. volum etric flask with redistilled chloroform. Chloroform is 
used in this transfer because it  is a  som ewhat be tter solvent than 
petroleum ether. Ten milliliters of this solution are evaporated 
to  dryness in  a  colorimeter tube and redissolved in 2 ml. of chloro­
form. The tube is placed in the Evelyn instrum ent, 8 ml. of an­
timony trichloride reagent are added, and the light transmission 
is m easured with the standard  620 filter. The blue color should 
be read w ithin 5 to  10 seconds after the antim ony trichloride re­
agent is added. This color should be brilliant and clear. Cloudi­
ness in the solution a t  this point usually indicates insufficient 
care in excluding adsorbent or moisture.

One gram of U.S.P. reference cod liver oil No. 2 was saponi­
fied and extracted by the above procedure in establishing the 
calibration curve for the vitam in A. A sample of (3-carotene, 
purified by chrom atography, was used as the standard  for the 
determ ination of (3-carotene, cryptoxanthol, and to ta l carotenoids.

RESU LTS A N D  D ISCU SSIO N

Results obtained on dried egg samples with this method were 
reproducible and showed good agreem ent w ith those obtained by 
bioassay (Table I I I) . E ight samples of dried eggs of different 
storage history were tested for vitam in A by both m ethods with 
a  maximum deviation of 10% in results. E ight replicate chemi­
cal determ inations on a single sample showed similar reproduci­
bility.

Several precautions were found necessary w ith respect to 
m aterials and procedure; o ther precautions were taken without, 
testing their im portance. One of the m ost im portant precautions 
to  be observed in using this method is the preparation of the pe­
troleum ether. Some samples of commercial petroleum ether 
contain an im purity which produces a  green color when mixed 
w ith the antim ony trichloride reagent. The use of such petro­
leum ether w ithout purification results in erratic vitam in A 
values. T he petroleum ether was purified as follows:

Four to  five gallons of commercial petroleum ether (boiling 
point 65° to 67° C.) were percolated through a column (7 X 35 
cm.) of silica gel (The Davison Chemical Corporation, No. 659,- 
528-2000). The percolate was then placed in a 5-gallon flask and 
stirred mechanically for several hours w ith each of two successive 
portions of concentrated sulfuric acid. The two phases were 
separated and the last trace of acid was removed by treatm en t 
with a  dilute solution of sodium hydroxide. The petroleum ether

was then stirred for a few hours 
with alkaline potassium per-

---------------------------------------- m anganate, a fter which it
was drawn off, distilled, and 
dried over anhydrous sodium 
sulfate.

N o t C h ro m a to g ra p h e d  
T o ta l C h ro m a to g ra p h e d

B io ­
a s sa y , I .U . (C h em ica

c a ro te - V ita m in 0 - C ry p to ­
x a n th o l &

m s/g ra m

V ita m in T o ta l  v ita m in Vj t a ­ I .U . (B io assay )
S am p le noids*  

M ic ro- 
gram s/  

gram

A c

I .  U ./g ra m

C a ro te n e  

M  icrogra

A A activity«* 

I .  U ./g ra m

rn in  A 

I .  U ./g ra m

1 00

3B 1 0 0 . 6 7 1 .4 3 .0 3 .2 3 9 .0 4 6 .7 4 4 .0 106
4B 10 6 .9 9 3 .0 3 .4 3 .6 3 1 .5 4 0 .2 4 1 .0 98
5B 1 0 2 . 0 7 5 .5 4 .3 4 .8 3 0 .7 4 1 .9 4 3 .0 98
SB 7 0 .3 5 4 .7 2 . 6 3 .0 2 1 . 2 2 8 .0 3 0 .0 94
9B 1 1 4 .0 8 2 .0 3 .3 3 .3 3 0 .2 3 8 .5 4 1 .0 94

10B 1 0 1 .3 7 4 .0 2 .9 3 .5 2 5 .5 3 3 .3 3 6 .0 93
12B 7 9 .5 6 5 .0 2 .5 2 .7 2 6 .0 3 2 .4 3 2 .0 101
13B 7 2 .9 2 , 2 3 .6 2 0 .9 2 7 .6 2 5 .0 110
14 9 S .2 8 0 !o 2 .8 * 3 . 4 « 3 5 .1 4 2 .6 4 5 .0 95

9 4 .5 3 7 .0 4 4 .5 99
9 5 .0 3 6 .4 4 3 .9 97
9 7 .6 3 6 .1 4 3 .6 97
9 1 .9 3 3 .9 4 1 .4 92
9 7 .7 3 6 .8 4 4 .3 98 *

3 6 .9 4 4 .4 99
9 5 .7

A ll v a lu es  ex p ressed  on  m o is tu re -fre e  b asis .

3 3 .4 4 0 .9 91

i» E x p re ssed  a s  0 -c a ro tc n e . 
c C a lc u la te d  fro m  b lu e  co lo r g iv e n  b y  to ta l  u n sa p o n if ia b le  e x t ra c t.
«* I .U . of v i ta m in  A e q u iv a le n t to  0 .6  m ic ro g ra m  c f  0 - c a ro te n e  a n d  1.2 m ic ro g ram s  of c ry p to x a n th o l (6 ).
* F o u r  d e te rm in a t io n s  g a v e  2 .8  a n d  3 .4  a s  a v e ra g e  v a lu es  fo r 0 -c a ro te n e  a n d  c ry p to x a n th o l , re sp e c tiv e ly , on th is  

sa m p le .

Trouble was encountered 
w ith the adsorbent when the 
hum idity in the laboratory be­
came high. Under these con­
ditions the carotenoids moved 
too rapidly down the column 
and it  was impossible to  sepa­
rate  the (3-carotene and crypto­
xanthol fractions. T his diffi­
culty was avoided by storing 
the adsorbent in a desiccator 
over sulfuric acid and remov­
ing i t  only long enough to 
pack the column.

Among the necessary oper­
ations was the addition of 
t h e  ( 3 - c a r o t e n e  a n d  
cryptoxanthol fractions back 
t o  t h e  v i t a m i n  A
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eluate before reacting with antimony trichloride, since it was 
found th a t small am ounts of the vitam in were contained in these 
two eluates. This overlapping of vitamin A with the carotene 
and cryptoxanthol bands was not prevented by complete re­
moval of the ether from the petroleum ether-ether solution of un- 
saponifiables before chromatographing. However, the bands 
were sharper when pure petroleum ether was used. /3-Carotene 
and cryptoxanthol were shown experimentally to  give only 7 and 
11%, respectively, of the blue color given by vitamin A on reac­
tion w ith antim ony trichloride. Therefore, the effects of the /S- 
carotene and cryptoxanthol on the to ta l blue color development 
were so small as to  be negligible. W ith one lot of eggs which was 
analyzed an additional small band was observed in the region 
of the 3-carotene and cryptoxanthol bands. Depending upon the 
dietary constituents of the hen, still other bands might be ex­
pected. Should these occur in substantial amounts a  correction 
would be necessary.

The following precautions were used w ithout testing their im­
portance.

Freshly distilled ethyl ether was used for extraction of the 
vitamin. Anhydrous ethyl ether (alcohol-free) was allowed to 
stand several days over potassium hydroxide and then redistilled. 
Chloroform (A.It.) was distilled over anhydrous potassium car­

bonate and stored in a brown bottle. The antim ony trichloride 
reagent was made up by dissolving 22.5 gram s of antim ony tri­
chloride in 100 ml. of redistilled chloroform, filtering, and storing 
in a  brown bottle. A pipet calibrated to  deliver 8 ml. and 
equipped w ith a rubber bulb for rapid delivery was used for add­
ing the antim ony trichloride reagent directly to the sam ple in 
the colorimeter tube. An all-glass distillation apparatus was 
used for the removal of solvent.
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Measuring Coverage and Film Thickness of Printing Ink 
and Paint Films

R O L F  B U C H D A H L  A N D  M A R G A R E T  F. P O L G L A S E , Research D ivision , Sun Chemical Corporation, N ew  Y o rk , N . Y .

TH E  determ ination of the am ount of paint, lacquer, or prin t­
ing ink on a  given area of a certain surface—i.e., paper, 

metal, wood, or plastic—is of considerable interest in various 
technical fields. In  the printing process, for example, it is de­
sirable to p rin t as thin a film as possible because this reduces, or 
eliminates completely', technical difficulties such as slow drying, 
offset, and fill-up in the half-tone plates, which are frequently 
encountered when it is necessary to use a greater film thickness. 
Similar considerations apply in the field of paint technology. 
I  urthermore, the optical properties of a  pain t or printing ink 
film are closely related to  the film thickness. Both the reflection 
and transmission spectra are functions of the film thickness. 
Hiding power depends essentially on the over-all absorption co­
efficient as a function of the wave length and the thickness of the 
particular specimen. T he relationship between coverage and 
the actual structure to  which the film is applied is another im­
portant problem in the pain t and printing ink field.

Several methods have been described in the literature for 
measuring the coverage or the thickness of such films. One of 
the simplest procedures consists in weighing the specimen before 
and after application of the film-forming material. When 
applied to printing on paper this method is not satisfactory be­
cause an accurate weight determination (within 0.3 mg.) of a 
sheet of paper is impossible. This difficulty has been overcome 
(~) by using as a printing plate a very thin sheet of copper (or 
some other suitable metal) which is held firmly to  a heavy base 
during the printing operation. The weight of the copper sheet 
before and after printing can easily be determined to  within 
=*=0.1 mg: Although the method in this form is very accurate, 
it has several drawbacks which lim it its usefulness considerably. 
The film thickness can be determined only if the material is 
applied as described above; i t  is not satisfactory if a  film-forming 
material containing some volatile m atter is employed. An elec­
trical method (3), based on capacity measurements, cannot be 
applied for measurements upon paper surfaces. Optical methods 
(f , 4), based on interference patterns or on microscopic examina­

tion of microtome sections, are either not applicable to paper 
surfaces or too impractical to be useful.

Two methods developed in th is laboratory overcome m ost of 
the difficulties mentioned above. B oth methods make use of a 
tracer m aterial which is added to  the film-forming m aterial. In 
one case the tracer m aterial is a  dyestuff, in the other a  radio­
active isotope. Although both methods were developed primarily 
to  study the film thickness of printing inks, they are believed to 
be applicable to  paints, lacquers, or other protective coatings.

M E T H O D S

D y e st u f f  a s  T ra c er  M a t e r ia l . A known am ount of dye- 
stuff is added to  a  printing ink, and prin ts made from this ink 
are pu t into a Soxhlet extractor. Using alcohol, for example, i t  is 
possible to remove the dyestuff quantitatively  from the print. 
The am ount of dyestuff present in the alcohol solution is deter­
mined by measuring the transmission coefficient a t a  given wave 
length, following the standard procedure of quantita tive colori­
metric analysis.

To obtain satisfactory results the following factors should be 
carefully considered. The absorption spectra of the extraction 
and of the standard solutions (which furnish the calibration 
curve) m ust be identical, as shown in Figure 1, a t least in the 
wave-length region where the colorimetric m easurem ents are 
made. The presence of oils and resins in the extraction m ay in 
certain cases shift the absorption bands sufficiently to  produce 
erroneous results. The extraction m ust be complete. This can 
easily be verified by repeated extractions or by a comparison of 
results obtained w ith the gravim etric method (3) and the dyestuff 
method, using the same prin ts in both  cases. D a ta  given in 
Table I , which are typical of a large num ber of printing inks, 
show th a t the extraction is complete. The absorption can also be 
disturbed by the presence of colloidal particles, such as carbon 
black pigments, which m ight produce a certain am ount of tu r­
bidity. This point can easily be checked by running extractions
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Figure 2. Counting Rate as a Function of Am ount 
of Ink on a G iven  Print A rea

on a printing ink containing no dyestuff. In  this case the absorp­
tion spectrum of the extraction should be the same as, or a t least 
very close to, th e  absorption spectrum  of the  solvent. Finally, it  
m ust be ascertained th a t  the absorption spectrum  of th e  dyestuff 
does no t change irreversibly a t  the tem perature a t  which the  ex-

Table I. Am ount of Printing Ink on a G iven  Print A re a
(D y e s tu f f  u sed , m e th y l v io le t.  E x tr a c t io n  s o lv e n t , a lco h o l. E x tra c tio n  

tim e , a p p ro x im a te ly  30  m in u te s  p e r  p r in t )
G ra v im e tr ic  M e th o d  D y e s tu ff  M e th o d

G ra m /2 5  sq. inches
0 .0 5 2 1
0 .0 2 8 3
0 .0 3 3 1
0 .0 3 1 0
0 .0 4 3 0
0 .0 3 8 0

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

Table II. Am ount of Ink on a G iven  A re a  of a Print for Different
Papers

A m o u n t of In k  
G ra m /sq . cm .

M a c h in e  C o a te d  P a p e r

0 .4 0 5
1 .0 3
1.21
1 .4 0
2 .5

10
10 - '
10 -*
10 -*
10 -*

traction is carried out. 
W hen all these factors 
are taken in to  account 
the results obtained 
by this method are 
judged to  be accurate 
to a t  least =*=7%.

R a d i o a c t i v e  I s o ­
t o p e  a s T r a c e r M a t e -  

k i a i -  A known quan­
tity  of a radioactive 
compound (preferably 
a liquid) is added to 
a printing ink. Using 
the modified weighing 
m e th o d  d e s c r ib e d  
above, a  prin t is made 
w ith a  known am ount 
of ink on a given area 
of paper. The activity 
of this p rin t is meas­
ured w ith a conven­
tional Geiger counter 
set. (The instrum ent 
used in these experi­
m ents is bu ilt by the 
Cyclotron Specialties 
Corporation, Moraga, 
Calif.) This quan tity  
and the background 
activity  due to cosmic 
rad iation  give the cali­
bration  curve (Fig­
ure 2). T he calibra­
tion curve changes with 
tim e because of the 
constant decay of the 
radioactive isotope.

In  order to  ob­
ta in  satisfactory re­
sults the following 
p o in t s  s h o u ld  be 
c o n s i d e r e d .  T h e  
p o s i t i o n  o f  t h e  
counter tube relative 

to  the sample m ust rem ain the same because the number of radio­
active disintegrations picked up by th e  counter tube depends, 
among other things, on the geometry of the experimental setup. 
The radioactive m aterial should be uniformly distributed 
throughout the printing ink. This can best be achieved by using 
a  m aterial which is miscible w ith the  liquid phase of the printing 
ink. Finally, the activ ity  of the specimen under tes t should be 
a t  least twice th a t due to  the background radiation. An accu­
racy of =*=3% can easily be obtained w ith this method.

RESU LTS

T able I gives com parative d a ta  obtained with the dyestuff and 
the gravim etric methods for a series of prints, using the same ink 
and paper. Table I I  shows the am ount of ink taken  up  by vari­
ous papers, keeping all other variables constant. T he dyestuff 
method was used to  obtain these data .

Figures 2, 3, and 4 show results using a  radioactive isotope as 
tracer m aterial. A radioactive isotope of phosphorus in the form 
of phosphorus pentachloride (obtained from the R adiation 
Laboratories, M assachusetts In s titu te  of Technology) was used 
in these experiments. Figure 2 shows a  comparison between the 
radioactive and the gravim etric methods. The scattering of some 
of the points on this graph is due to  the nonuniform distribution

4 0 0  4 5 0  5 00  5 5 0  600  6 50  700
W A V ELEN G TH  in  m il l i m ic r o n s

Figure 4 . Transmission Spectrum of Prints 
Different Thickness

of
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of the ink on the paper surface. For the gravimetric method the 
am ount of ink per un it area was determined from a print area of 
12.5 X 12.5 cm. ( 5 X 5  inches); the radioactive measurements, 
however, were m ade on a p rin t area of 5 X 5 cm. ( 2 X 2  inches). 
Figure 3 shows the change of the reflection coefficient (meas­
ured w ith a  G E recording spectrophotometer) as a function of 
the film thickness; Figure 4 shows the change of the transmission 
spectrum (between 400 and 700 millimicrons) of a  printing ink 
printed on cellophane paper as a  function of the film thickness.

There are lim itations to  both methods. Although the dye- 
stuff m ethod can be applied in m any cases where the gravimetric 
method breaks down, it  is still a  relatively slow procedure. 
Furtherm ore, in m any cases it  m ight be undesirable or even im­
possible to  incorporate a  dyestuff into the material under con­
sideration. The m ost im portant lim itation w ith regard to the

radioactive tracer method is th a t imposed by the radioactive 
decay of the isotope. The particular isotope in this work has a 
half-life of 15 days. Using a fairly strong preparation (60 micro­
curies per cc. of varnish) the coverage on an area of 25 sq. cm. 
(4 square inches) can be determ ined for a period of about 6 
weeks. On the other hand, the advantages gained by the use of 
either of the methods outweigh the limitations. B oth m ethods 
are accurate and can bo performed simply and more universally 
than  existing methods.
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Spectrophotometric Procedure for Quantitative Estimation 
of Vitamins D

J A M E S  B. De W ITT , U . S. Food and Drug Adm inistration, A N D  M . X . S U L L I V A N , Chem o-M edical Research Institute,

Georgetown University, Washington, D . C.

A  modified antimony trichloride reagent using ethylene chloride as 
a solvent is suggested for the estimation of vitamin D . This modified 
reagent is read ily reproducible , is stable over several weeks, and re­
acts with the vitamin to give a salmon-pink solution exhibiting an 
absorption maximum at 500 mg. The reagent has been applied to 
the estimation of vitamin D in a variety of materials. A  simple 
chromatographic procedure suggested for the separation of vitamin D 
from vitamin A  and sterols utilizes a weak source of ultraviolet rays 
to permit observation of the materials on the column. The results 
of the chemical procedure are in good agreement with those obtained 
by biological assays.

A  N U M B ER  of independent physicochemical procedures have 
been, proposed for the determ ination of tho vitamin D con­

tent of fish liver oils and other vitam in preparations. Some of 
these procedures have given good results w ith highly purified 
samples of vitam ins D 2 and D 3, b u t their successful application 
to the assay of common fish liver oils has been limited.

Among the purely physical procedures is th a t of Reerink and 
van Wijk (13), in which the concentration of vitam in D in a solu­
tion of irradiated ergosterol is determined by measuring the op­
tical density a t  the absorption maximum of 265 m/e Topelmann 
and Schuhknecht (IS), Fuchs and Beck (6), and 01 Khin (12) 
made use of this procedure, and Marcussen (9) applied the tech­
nique to a few fish liver oils.

Various colorimetric methods have received more extensive 
study and application. Shear (16) suggested a colorimetric 
method based upon the reaction between vitam ins D and an 
aniline-hydrochloric acid reagent. Stoeltzner (17) treated the 
vitamin with phosphorus pentachloridc, bu t Christensen (3) 
showed th a t this reaction was not specific for vitam in D. Cruz- 
C'oke (4) based a  test on the developm ent of a green color when an 
alcoholic solution of irradiated  ergosterol was treated with hy­
drochloric acid. Meesemaecker (10) showed th a t irradiated 
ergosterol gave a yellow-green solution when treated with a modi­
fied Liebermann reagent. Robinson (15) suggested a colorimetric 
method based on the yellow color formed when an alcoholic 
solution of vitam in D  was boiled with sodium nitrite and acetic 
acid.

A m ore"quantitative method was proposed in 1936 by Halden 
and Izoni (7, 8, 19), who showed th a t a  deep violet color is ob­
tained when an alcoholic solution of vitam in D is treated with 
anhydrous aluminum chloride in the presence of pyrogallol. 
Cholesterol and ergosterol do no t interfere with the test, bu t 
vitamin A and the carotenoids m ust be quantitatively removed, 
t  he authors report th a t the m ethod is sensitive to  2 micrograms 
ot the pure vitamin.

I erhaps the m ost widely employed test is th a t employing a 
solution of antim ony trichloride in chloroform, which was pro­

posed by Brockmann and Chen (2) in 1936. Brockmann (1) 
used this method in his work on the isolation and identification 
of vitam in D from tuna  liver oil, but it is applicable only to  con­
centrated solutions of vitam in D which are relatively free from 
inactive sterols, vitam in A, and the inactive irradiation products 
from ergosterol. Wolff (22) asserted th a t the error of the proce­
dure is ±  19%, and R itsert (14) reported th a t  the method was 
inapplicable to  fish liver oils or to  mixed irradiation  products 
from the sterols.

Nield, Russell, and Zimmcrli (11) modified the Brockmann- 
Chen reagent by adding a small am ount of acetyl chloride, and 
obtained a m arked increase in stability, reproducibility, and sen­
sitivity  of reaction. Ewing, Kingsley, Brown, and E m m ett (5) 
applied this modified reagent to  the assay of fish liver oils, using 
a chromatographic procedure to  remove interfering sterols and 
vitam in A.

This review indicates the nature of the obstacles to  be over­
come in the application of physical or chemical m ethods to  the 
determ ination of vitam in D . Vitamin A, sterols, and carotenoids 
interfere w ith the direct spectrophotom etric and colorimetric 
methods, and m ust be removed quantitatively. Some of the 
proposed reagents lack specificity and sensitivity, and are diffi­
cult to prepare or to  reproduce. In  m any cases, the reaction be­
tween vitam in D  and the reagent gives a  fleeting color, and the 
determ ination m ust be completed within a few seconds after the 
solutions are mixed.

In  order to  overcome some of these difficulties, the authors have 
employed a simple chromatographic technique for separation of 
the vitam in from interfering substances, and have devised a  modi­
fied antim ony trichloride reagent which offers increased ease of 
preparation, increased reproducibility, and greater sensitivity 
and produces a  more perm anent color w ith vitam in D . The 
procedure has been applied to  the assay of a num ber of fish liver 
oils, irradiated m aterials, and m ultivitam in preparations. M ost 
of the results have been checked by biological assays.

E X P E R IM E N T A L

P r e p a r a t io n  o f  R e a g e n t . Care m ust be taken  to  ensure 
th a t all m aterials are free from moisture. Tw enty grams of re­
agent grade antim ony trichloride are mixed w ith approximately 
10 grams of anhydrous calcium chloride, and pulverized in a  mor­
tar. The powdered m aterial is shaken w ith 100 ml. of ethylene 
chloride (boiling point 83-84° C.) and filtered rapidly through 
anhydrous sodium sulfate. Two milliliters of acetyl chloride 
(boiling point 49-52°) are added to  each 100 ml. of filtrate. This 
reagent is ready for use after 30 minutes, and is stable over a 
period of a t  least 10 weeks.
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Table I. Extinction Coefficients of Products of Reaction with 
V itam in D

(E a c h  re a g e n t co n ta in e d  20 g ram s  of S bC ls p e r  100 m l. of s o lv e n t a n d  2 ml. 
of a c e ty l ch lo rid e  p e r  10 0  m l. of re a g e n t)

R e a g e n t E x tin c t io n
N o. S o lv e n t C oeffic ien t R e m a rk s

1 C h lo ro fo rm  1800 N ie ld ’s  re a g e n t
2 M e th y le n e  ch lo rid e  2070 R e a g e n t u n s ta b le
3 E th y le n e  ch lo rid e  2200  . . . .
4 P ro p y le n e  ch lo rid e  2100 L ess s ta b le  th a n  3
5 C a rb o n  te tra c h lo r id e  . . N o  re a c tio n
6 M o n o ch lo ro b e n zcn e  1400 . . . .

Tabic 11. Relationship between Absorption at 500  m/i and V itam in
Concentration

V ita m in
C o n c e n tra tio n D e n s ity

y / 1 0  m l.

5 0 .1 5
10 0 .2 6
15 0 .3 5
2 0 0 .4 4 5
25 0 .5 6
30 0 .6 5
35 0 .7 4
40 0 .8 5
50 1 .0 5

P r e p a r a t io n  o f  A d s o r p t io n  C o l u m n . An Allihn sugar tube, 
2 X 10 cm., fitted w ith a  fritted  filter of medium porosity m ay be 
used for the preparation of the adsorption column. The tube is 
fitted to a  suitable suction flask, vacuum is applied, and small 
portions of a  1 to  1 m ixture of magnesia (Baker’s R eagent Grade 
is suitable) and diatomaceous earth  (Celite) arc packed firmly 
until a  column approximately 6 cm. in length is obtained. A 1- 
cm. layer of anhydrous sodium sulfate is placed on th e  top of the 
column, and packed tightly.

S a p o n i f ic a t i o n  a n d  E x t r a c t i o n . A quan tity  of fish liver 
oil sufficient to  yield approxim ately 25 micrograms or'm ore of 
the vitam in is boiled 30 m inutes w ith freshly prepared 12%  
alcoholic potassium hydroxide, m aintaining a  ratio  of 2.5 grams 
of potassium hydroxide per gram of oil. The alcohol volume is 
m aintained constant throughout. A t the end of the saponifica­
tion period, the m ixture is cooled, diluted w ith an equal volume 
of distilled water, and extracted 10 times w ith 50-ml. portions of 
anesthesia grade ethyl ether. (In  case the sam ple weighs 10 
grams or more, th e  extraction technique m ay be modified as 
follows: After addition of the water, add 25 ml. of ethyl acetate 
and 50 ml. of petroleum ether, and shake 30 seconds. Allow to 
stand  2 minutes, transfer the aqueous layer to  another separatory 
funnel, and extract 10 times w ith a m ixture of 10%  ethyl ether 
and 90%  petroleum ether. Combine extracts and continue as 
above.)

The extracts are combined and washed with distilled water 
until the washings are neutral to phenolphthalein. T he extracts 
are dried by filtration through anhydrous sodium sulfate, the 
ethy l ether is removed by evaporation, and the residue is dis­
solved in a  minimal volume of petroleum ether for chrom ato­
graphing.

In  the case of capsules, either vitam in D  or m ultivitam in 
preparations, 5 o r more capsules m ay be opened, and the oily con­
ten ts quantitatively removed by repeated washing w ith ethyl 
other. The ether is removed by evaporation, and the oily residue 
saponified as above. In  an alternative procedure, which has 
proved successful w ith solid-type gelatin capsules, the capsules 
are boiled w ith the alcoholic potassium hydroxide exactly as in 
the case of the oils.

Tablets and other solid m aterials are pulverized in a  m ortar, 
and the entire mass is boiled w ith alcoholic potassium hydroxide 
for 30 m inutes. T he solids are removed by centrifugation, re­
heated w ith fresh portions of alcoholic potassium hydroxide, and 
again centrifuged. The liquids are combined and extracted with 
ethy l e ther as in the case of the oils. The solid portion is trans­
ferred to  a Büchner funnel and  repeatedly extracted w ith ethyl 
ether, and the extracts are combined w ith those from the liquid 
portions.

C h r o m a t o g r a t h ic  T e c h n i q u e . The column is w etted with 
50 ml. of petroleum ether, the ethereal portion from the saponi­
fication procedure is added, and the chrom atogram is developed 
with 5-mi. portions of petroleum ether. T he procedure is ob­
served under ultraviolet rays of low intensity from a lam p de­
scribed by Wilkie and Do W itt (SI). Several distinct zones of 
fluorescence may be observed, starting  from the top of the column:

1. A narrow band of intense pale blue fluorescence.
2. A broad band of greenish-yellow fluorescence which contains

vitam in A.
3. A narrow band of light gray fluorescence.
4. Two narrow bands approxim ately 2 mm. ap art showing a

bluish fluorescence.
5. A narrow band of gray-blue fluorescence ("sterol fraction").

Continued washing of the column w ith petroleum ether elutes 
zones 3, 4, and 5. The eluato from each zone is collected sepa­
rately and evaporated on the steam  bath. T he residues are trans­
ferred to  suitable glass-stoppered volum etric flasks, and made to 
volume with petroleum ether. Aliquots from each portion are 
examined by the spectrophotom ctric procedure to determ ine th a t 
separation of vitam in D  from other m aterials is complete. In  
case of incomplete separation, a  second chrom atographing m ay be 
necessary.

T he eluate from zone 5 contains the bulk of the inactive sterols, 
th a t from zone 4 contains v itam in D , and th a t from zone 3 may 
contain small am ounts of v itam ins A and D . All eluates are 
made to  the same volume, which should bo adjusted so th a t the 
portion from zone 4 contains approxim ately 1000 I.U . of vitam in 
D per milliliter.

S p e c t r o p h o t o m e t r ic  P r o c e d u r e . T he petroleum other 
solution (0.5 ml.) is placed in a  10-ml. glass-stoppered graduated 
cylinder and 9.5 ml. of the antim ony trichloride reagent are 
added. The cylinder is shaken vigorously, the solution trans­
ferred to the absorption cell, and the a t  500 m^ determined 
on the Beckman spectrophotom eter. Readings are made a t  the 
end of 30 seconds, and a t  1-minute intervals for the first 5 m inutes 
after starting  to  add the reagent to  the vitam in sample. Under 
these conditions, sterols react slowly to  give a lowr initial optical 
density which increases very rapidly to  reach a maximum after 
approxim ately 5 m inutes. V itam in D reacts rapidly, giving 
a  maximum optical density w ithin 1 minute, and remaining 
constant for 5 to  10 m inutes.

T he potency of the vitam in preparation is obtained b y  m ulti­
plying the E \ ^ m of the solution by the factor of 18,200, obtained 
by repeated checks of the reagent against crystalline vitam ins 
D 2 and Dj.

D ISCU SSIO N  O F  P R O C E D U R E  A N D  RESU LTS

T he prelim inary experiments in this study dealt w ith the re­
agents th a t had been proposed, and w ith possible modifications 
designed to  increase the accuracy or ease of determ ination. The 
reagent proposed by Nield, Russell, and Zimmerli (11) was 
found relatively satisfactory, b u t it possessed several objection­
able features. The chloroform used as the solvent had to  be 
freed of all traces of alcohol and moisture, and the purified sol­
ven t was unstable. T he reagent wras hygroscopic, and showed an 
increased sensitivity tow ard sterols if allowed to  stand  several 
weeks.

F urther experiments w'ere designed to  study the effects of 
changes in the concentration and identity  of each of the th ree 
components of the reagent. I t  was found th a t the concentration 
of antim ony trichloride and of acetyl chloride could be varied 
over wide lim its w ithout producing-significant changes in the 
sensitivity of the reagent, and th a t the substitution of mono-, di-, 
and trichloroacetyl chlorides for acetyl chloride produced little  
change. However, a  marked change in the reaction was produced 
when chloroform was replaced by other halogenated solvents, as 
is shown in Table I. The use of m ethylene chloride, ethylene 
chloride, or propylene chloride gave a reagent of increased sen­
sitivity, as is shown by the increase in values. How­
ever, the m ethylene chloride reagent was unstable, and decom­
posed within a  few hours after preparation. T he reagent pre­
pared from ethylene chloride was slightly more sensitive and 
was stable over a period of a t  least 10 weeks. The salmon-pink 
color of the solution resulting from the reaction of this reagent 
w ith vitam ins D 2 and D 3 shows maximum absorption within 30 
seconds, and rem ains stable for several m inutes. T he solution 
exhibits a  narrow absorption band w ith maximum absorption a t 
500 mu, and absorbs none of th e  incident light a t 550 m/i. As
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shown in Table II, the am ount of absorption is proportional to 
the concentration of vitam in D, and concentrations of the v ita­
min as low as 5 micrograms per 10 ml. of solution may be meas­
ured under the experimental conditions.

This initial phase of the work involved studies of the reaction 
between crystalline vitam ins D» and D 3 and the reagent. The 
second phase involved the application of the reagent to the esti­
m ation of vitam in D in a  variety of materials. Crystalline v ita­
mins D 2 and D 3 were used as standards of reference in this study. 
The results of the spcctrophotoroetric determination were 
checked by biological assays.

The chromatographic technique is unique in th a t it employs 
a  simple procedure perm itting rapid separation of vitam in D 
from interfering sterols and vitam in A. The use of the weak 
source of ultraviolet light perm its close observation of the column, 
and enables the analyst to locate the different substances with 
greater ease and accuracy than is possible by the use of dyes as 
in the method of Brockmann (1).

The experimental results obtained by the application of the 
method to  a limited num ber of samples are given in Table II I , 
and are self-explanatory. In  general, the results are in good 
agreement w ith those obtained by biological assay. Differences, 
where they occur, m ay be due to  several causes, including the 
errors inherent in all biological assays. Another possible cause 
of discrepancy arises from the fact th a t the bioassays were de­
signed to  show th a t the potency of the m aterial was approximately'

Table

S am ple
N o.

72442
12313
12314 
34074 
73142

B 72144

74290 
60910 

VA 9108

00932 
59801 

. 58347 
VA 5573

51408

92244
23606 
12073

23607 
72144 
61544

11143
2243

41543

VA 7048 
10143.

1144

92044
91944

C 1234

Results of Spectrophotometric and Biological Assays of 
V itam in D Carriers

V ita m in  D  C o n te n t

B io a ssay
S p cc tro p h o -

to m e tr ic R em a rk s

U .S .P . u n i ts  per gram
A .  V ita m in s  D j a n d  Da in  O il

200,000
400 .000
400 .000  

10,000
166,500
200.000

198.000 Da in  co rn  o il. A .O .A .C . assay
422 .000  I r ra d ia te d  erg o ste ro l
389.000 I r ra d ia te d  e rgoste ro l

8 ,950  D* in sesam e oil
165.000 Da in  co rn  oil
198,300 N o  b io a ssay , figure from  label

d ec la ra tio n

U .S .P . u n its  per capsule

50 .000
50 .000
50.000

50.000
50 .000
50 .000
4 0 .0 0 0  ap p ro x .

50 .000

57,300 Ds in  capsu les
48,900 C apsu les
52,650 C ap su le s , w ith  sem iso lid  gela­

t in  m ed iu m  
54,550 S o lid -ty p e  ge la tin  capsu les
53 ,000 N o  b io a ssay , figure from  label
57 ,950 N o  b io a ssay , figure from  label
42 ,800  L abel dec la res  50 ,000 p e r  cap ­

su le
47,800

B . V ita m in s  A a n d  D  in  Oil 

U .S .P . u n i ts  p er  gram

115
400

400
10,000

113
395
160

410
10,385

42

U .S .P . u n its  per capsule
1,000
1,000
1,000

1,040
1,020
1,050

M o re  th a n  85 U .S .P . u n its  
p e r  g ra m  b y  b io a ssay

50,000 A  p e r  g ram  
L ess  th a n  50 u n its  p e r  g ram  

b y  b io a ssay

5000 A p e r  capsu le  
5000 A p e r  capsu le  
5000 A p e r  capsu le

50.000 A p e r  g ram
50.000 A p e r  g ram

U .S .P . u n its  per gram
10.000 11,250
10.000 9 ,725

U .S .P . u n its  per capsu le
1,000 950 5000 A  p e r  capsu le

C . M u ltiv ita m in  P re p a ra t io n s

1,000
200

1,050
205

U .S .P . u n its  per tablet 
200 220

6 v itam in  capsules 
H exavitarain capsules

H exavitam in tab lets

Tabic IV . Results of Spectrophotometric and B iolog ical Assays of 
V itam in D Carriers

V ita m in  D  C o n te n t
S am p le  N o. B io a ssay  

A .O .A .C . u n its /g .
1,000,000

500.000 
1,150,000

575.000

S p e c tro p h o to m e tr ic  
y /g .  A .O .A .C . u n i t s /g .a
20,125
10,100
22 ,300
10,800

986.000
494.000 

1,092,700
529.000

° C a lc u la te d  on b as is  t h a t  1 g ra m  of c ry s ta llin e  D i c o n ta in s  49 ,200 ,000  
A .O .A .C . u n its .

equal to  or greater than  the given figure, and would no t perm it 
close estim ation of the exact potency.

The limitations of the method have no t been fully determined. 
W ith high-potency materials such as those listed in the first part 
of Table I I I ,  the spectrophotom etric procedure has shown a high 
degree of accuracy and reproducibility.

Several commercial samples were examined by the spectro­
photom etric procedure, and were then assayed biologically in the 
laboratories of the U. S. Food and D rug Administration. Por­
tions of these samples were resubm itted for spectrophotom etric 
examination a t  a la ter date w ithout knowledge th a t they had 
been previously analyzed. The results obtained in the second 
examination were within =*=2%  of the previous values.

A further check of the procedure involved the assay of a series 
of oils prepared by J. W addell of E. I. du P on t de Nemours & 
Co. The samples were subm itted as unknowns, with no declara­
tion of potency. The results of this study are given in T able IV, 
in which the spectrophotom etric values are compared w ith the 
potencies assigned by W addell a fter biological assays in  three 
independent laboratories. T he biological values are expressed 
in term s of A.O.A.C. units, while the spectrophotom etric values 
are in term s of micrograms. Since Waddell (20) reports th a t 
crystalline vitam in D 3 contains 49,222,000 A.O.A.C. units per 
gram, the agreem ent between the spectrophotom etric' and bio­
logical values is fairly close.

Although the values shown in p a rt B of Table I I I  indicate th a t 
it is possible to  obtain satisfactory results in the spectrophoto­
metric examination of low-potency oils, it  is felt th a t the question 
of the applicability of the procedure to  such m aterials has not 
been fully determined. The reproducibility of results in dupli­
cate assays is less satisfactory than  in the case of high-potency 
materials, and some modifications or refinements of procedure 
may be necessary in order to obtain uniformly satisfactory re­
sults.
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Precipitation of Platinum M etals by O rganic M onosulfides
Determ ination of Platinum with Th iopheno l and Rhodium with 

Thiobarb ituric  A c i d

J. E. CURRAH, W. A. E. McBRYDE, A. J. CRUIKSHANK, a n d  F. E. BEAMISH 
D epartm ent  of  Chemistry, University of  Toronto, Toronto ,  O n ta r io ,  Canada

This repo r t  deals  with a preliminary investigation of organic  m ono-  
sulfide c o m p o u n d s  as analytical reagents  for the platinum metals. 
The action of seven organic monosulf ide c o m p o u n d s  with som e of the 
p latinum and  re la ted  metals is desc r ib ed .  It has b e e n  found  that 
rhodium may b e  d e te rm ined  gravimetrically with thiobarbituric acid. 
Th iophenol  may b e  used as a precip itant  in the  gravimetric de te rm ina­
t ion of  platinum.

TH E  reactions of organic sulfide compounds w ith many metals 
have been studied extensively. Zeise (14) in 1834 chose the 

name “m ercaptan” for C2H 6SH be­
cause of the reaction of this com­
pound w ith mercury. He also de­
scribed (15) its reaction w ith plati­
num. M any references have been 
made in the literature to  further re­
searches on organic sulfide com­
pounds with platinum  metals, most 
of them  concerned w ith the study 
of the methods of preparation and 
stereoisomerism of the various 
compounds produced. Some of 
these reactions have formed the 
basis for analytical procedures for 
platinum  metals. Berg and co­
workers (4~8) investigated the ac­
tion of thionalide (thioglycollic- 
jS-aminonaphthalide) w ith many 
metals, and Kienitz and Rom- 
bock (10) used it for the volumetric 
estim ation of rhodium. Rogers,
Beamish, and Russell (12) deter­
mined ruthenium  gravimetrically 
by precipitation w ith thionalide.

T he reactions of organic mono­
sulfide compounds w ith platinum  
m etals have been examined with a  
view to  finding useful analytical 
methods for their determination 
and relating the configuration of 
the organic compounds with their 
ability to  precipitate these metals.
The precipitation of several p lati­
num and associated metals under 
various conditions of acidity with 
seven organic monosulfide com­
pounds has been investigated. In 
some cases the precipitation of 
various platinum  m etals is com­
plete. Rhodium m ay be deter­
mined gravimetrically w ith thio­
barbituric acid. Thiophenol may 
be used as a precipitant in the de­
term ination of platinum .

P R E C IP IT A T IO N  R E A C T IO N S

Standard solutions of platinum , 
palladium , rhodium, indium , gold,

nickel, copper, and iron containing approxim ately 1 mg. of 
m etal per ml. of solution were prepared by dissolving the pure 
m etal or a  suitable pure sa lt in aqua regia, hydrochloric acid, or 
water, removing the nitric acid, if present, by fourfold evapora­
tion to  dryness in the presence of hydrochloric acid, and finally 
dissolving in a solution containing 1 ml. of concentrated hydro­
chloric acid per liter.

A 10-ml. aliquot of the standard  m etal solution under investi­
gation was diluted and acidified to  one of the six acid conditions 
given in Table I. The organic reagent was added and the solu­
tion heated and m aintained a t  boiling for 2 hours. The total 
volume of the solution was m aintained a t  200 ml. by additions

Table I. Precipita tion of Platinum M eta ls
N. No precipitation, or precipitate contained none of metal under investigation
S. Very slight precipitation  
P. Partial precipitation
C. Complete precipitation; filtrate contained less than 0.02 mg. of metal under investigation

Acid Strength

Reagent 
A llyl thiourea

Phenyl thiourea

«-Di-o-tolyl thiourea

Thiophenol

hcnyl thiohydan- 
toic acid

Amount of Reagent
1  ml. of 2 % w /v  

soln. in 95% eth­
anol

1 ml. of 3% w /v  
soln. in 95% eth­
anol

10 ml. of 0 .8% w /v  
soln. in 95% eth­
anol

1 ml. of 4% v /v  
soln. in 95% eth­
anol

: ml. of 2 . 1 % w /v  
soln. in 95% eth­
anol

Thiobarbituric acid 2.5 ml. of 1.4% w /v  
soln. in 95% eth­
anol

s-Dij$henyl thiourea 5 ml. of 1% w /v  
soln. in 95% eth­
anol

a Nearly complete.
b Slight precipitate containing possibly a little  i 
c N ot boiled.

Metal,
1 :3 aqua 

regia HC1 H N O j
1 :3 aqua 

regia HC1 HNO»
10 Mg. 0.012 ¿V 0.012 N 0.012  N 0.60 iV 0.60 iV 0.60 N

Pt N N N N N P
Pd P C C N P P
Rh N N N N P P
Ir N N N N N N
Au P C P N C C
Ni N N N N N N
Cu N N N N N N
Fe N N N N N N
Pt P P P N P P
Pd C C C P P P
Rh P P P N P S
Ir S N S N P N
Au p C p N P P
Ni N N N N N N
Cu ■ S S S N S N
Fe N N N N N N
Pt P P P p a C P
Pd P P C P C C
Rh P P P P P P
Ir N N N N N N
Au P P P P C P
Ni N N N N N N
Cu P P P P P P
Fe N N N N N N
Pt. P C C P P P
Pd C C C P C C
Rh P P P P P P
Ir P P P P P P
Au C C C N C C
Ni N N N N N N
Cu P P P N S P
Fe N  b N* N b N N  b N
Pt P P P « N p P
Pd P P C c P p C c
Rh P P« P P p P
Ir S S S N N N
Au C P c N C C
Ni N N N N N N
Cu P P P P P P
Fe N N N N N N
Pt C C C C C P
Pd C C C C C P
Rh P C c P P P
Ir P p P P P N
Au C C c P C N
Ni N N N N N N
Cu S S S N N N
Fe * N N N N N N
P t P P P P P P
Pd C C C P C P
Rh P P P S P S
Ir S S S N S N
Au c c p S p S
Ni N N N N N n ;
Cu N N N N N N
Fe N N N N N . N
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Table II. Determination of  M eta ls

D etn.
No.

1
2
3
4

5 
G
7

8 
9

10
11 
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39 
•10
41
42
43
44
45

Reagent
s-Di-o-tolyl thiourea 
s-Di-o-tolyl thiourea 
s-Di-o-tolyl thiourea 
Phenyl thiourea

Phenyl thiourea 
Phenyl thiourea 
Phenyl thiohydantoic 

acid 
Thiophenol 
Thiophenol 
Thiophenol 
Thiophenol 
Thiophenol 
Thiophenol 
Thiophenol 
Thiobarbiluric acid 
Thiobarbituric ncid 
Thiobarbituric acid 
Thiobarbjturic acid 
Thiobarbituric acid 
Thiophenol

Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiophenol
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid
Thiobarbituric acid

Metal Metal Metal Re­

Acid
Normality D eter­ Taken, covered,

of Acid mined Mg. Mg.
IIC1 0 .60 Platinum 19.18 19.49
HC1 0 .6 0 Platinum 19.18 19.51
HC1 0 .6 0 Platinum 19.18 19.54
Aqua

regia 0 .0 12 Palladjum 10 .00 10 .00
II Cl 0.0 12 Palladium 10 .00 10 .00
HNOi 0.0 12 Palladium 10.00 10.02

HNOj 0 .60 Palladium 10 .00 10.03
HC1 0 .0 12 Palladium 9.91 9 .9 7
HC1 0 .0 12 Palladium 24.98 24 .96
HC1 0 .0 12 Palladium 24.98 25 .00nci 0 .0 12 Palladium 24.98 24 .98
HCl 0 .0 12 Palladium 24.98 24 .96
HC1 0 .0 12 Palladium 24.98 25 .00
1IC1 0 .0 12 Palladium 24.98 24 .98
HCl 0.0 12 Palladium 9.82 9 .8 6
HCl 0 .06 Palladium 9.82 9 .82
HCl 0 .06 Palladium 9.82 9 .86
HCl 0 .3 0 Palladium 9.82 9 .83
HCl 0 .30 Palladium 9.82 9 .84
Aqua

regia 0 .0 12 Gold 10.56 10 .68
HNOi 0.0 12 Gold 10.56 10.53
IINOa 0.60 Gold 10.56 10.54
HCl 0 .0 12 Gold 10.56 10.66
HCl 0 .0 12 Gold 25.26 25.34
HCl 0.0 12 Gold 25.26 25.32
HCl 0.0 12 Gold 25 .26 25 .29
HCl 0.0 12 Gold 25.26 25 .37
HCl 0.0 12 Gold 25 .26 25.34
HCl 0 .0 12 Blank 0.00 - 0 .0 1
HCl 0 .0 12 Platinum 9.97 9 .97
HCl 0 .0 12 Platinum 9.97 9 .9 6
HCl 0 .0 12 Platinum 9.97 9 .97
HCl 0 .0 12 Platinum 9.97 9 .9 8
HCl 0 .0 12 Platinum 25.13 25.12
HCl 0 .0 12 Platinum 25.13 25 .20
HCl 0 .03 Rhodium 25.08 25 .09
HCl 0 .03 Rhodium 25.08 25.12
HCl 0 .03 Rhodium 25.08 25 .08
HCl 0 .03 Rhodium 25.08 25 .08
HCl 0 .03 Rhodium 25.08 25 .07
HCl 0 .03 Rhodium 25.08 25 .10
HCl 0 .0 3 Rhodium 25.08 25.09
HCl 0 .0 12 Rhodium 2 5 .08 25.03
II;SOl 0.036 Rhodium 25.08 25.16
HCl 0 .3 0 Rhodium 25.08 25.13

of w ater when necessary. If a precipitate formed, 
the m ixture was filtered and the filtrate tested for 
the metal.

The organic reagents are listed in Table I, with 
results for the m etals investigated. The solid com­
pounds were purified by crystallization from 
ethanol.

The spot tests used for platinum , palladium, 
iridium, and rhodium were discussed by Thompson,
Beamish, and Scott (13). Stannous chloride was 
used for platinum , palladium , rhodium and gold, 
sulfuric and fuming nitric acids for iridium, di­
m ethyl glyoxime for nickel, and ferrocyanide for 
iron and copper.

In  m any cases where complete precipitation was 
obtained gravim etric determ inations for the metals 
were carried out. The precipitate and filter were 
ignited, reduced by burning in  hydrogen if neces­
sary, cooled in nitrogen if reduced, or in air, and 
weighed as the m etal.

Some of the results for these determ inations are 
listed in  T able II . A num ber of the results were 
slightly high (typified by Nos. 1 to 3).

Phenyl thiourea, thiophenol, and thiobarbituric 
acid are suitable for the determ ination of palla­
dium. M ann and Purdie (11) sta ted  th a t thio­
phenol precipitated a  Pd(SPh)2 which decomposes 
to  palladium quantitatively  when heated, bu t they 
did no t outline a m ethod for its determination or 
record results. T he results obtained for the deter­
mination of gold by thiophenol tend to  be slightly 
high.

The platinum  solution for determinations 1 to 3 
was standardized by the thiophenol method, by the 
sodium form ate m ethod (3), and by precipitation 
with zinc (2). T he palladium  solutions were stand­
ardized by th e  potassium iodide method (1) and 
the gold solutions by the hydroquinone method (3).

D E T E R M IN A T IO N  O F  P LA T IN U M

As a result of this investigation a new method was developed 
for the gravim etric determ ination of platinum  by precipitation 
with thiophenol.

The platinum  solution was prepared from pure platinum  sponge 
which was dissolved in aqua regia, evaporated to  dryness over a 
steam bath  four times in the presence of concentrated hydro­
chloric acid, and finally' dissolved in very dilute hydrochloric 
acid, filtered through a  7-cm. W hatm an No. 44 paper, and 
washed. The filter paper was ignited, and the residue dissolved 
in aqua regia, evaporated to dryness four times with hydrochloric 
acid, dissolved in water, and filtered. The filtrates were diluted 
to the required volume and acidified to  1 ml. of concentrated 
hydrochloric acid per liter.

An aliquot of the solution containing approximately 10 to 25 
mg. of platinum  was diluted to 200 ml. and acidified with 4 drops 
of concentrated hydrochloric acid. One milliliter of a  fresh 10% 
ny volume solution of thiophenol in 95%  ethanol was added to 
the cold solution, which was then boiled for 2 hours, filtered 
through a W hatm an No. 44, 7-cm. filter paper, and washed with 
water. The paper and  residue were perm itted to drain and while 
still moist were transferred to  a  Coors 000 porcelain crucible and 
heated, commencing w ith a small flame. When smoke was no 
longer produced a t  th a t burner setting, the flame was gradually 
increased and the slow' ignition was continued until th e  paper was 
thoroughly charred. The residue was then ignited a t  red heat 
for 20 minutes, cooled, and weighed. High results were obtained 
if the residue were ignited immediately a t high temperature.

In  order to  facilitate the slow' ignition of the residues a draft-free 
combustion chamber was m ade from Transite w ith holes along 
the bottom of each side to perm it entry  of air. I t  was fitted with 
a thin glass cover supported about 1 cm. above the top of the 
cupboard and a  window for easy observation of the combustion. 
Upon evaporation of the filtrate platinum  proved to be absent. 
Complete precipitation was obtained w ith an acid strength as 
great as 0.05 Ar, bu t a  greater acid strength resulted in incomplete 
precipitation. R esults appear in Table II  (30 to 35).

1 he reagent tends to  oxidize on exposure to air and incomplete 
precipitation is obtained w ith the partially oxidized reagent.
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The precipitate was a characteristic yellow-green color. When 
the oxidized reagent w'as used, or the reagent was added to  a hot 
solution, the precipitate became orange-colored on boiling. The 
reagent may be kep t in a  small vial placed inside a  large N esbitt 
tow'er. The air is swept from the tower by means of a stream  of 
nitrogen, and the tap  on the tower is closed to  keep the reagent 
in the nitrogen atmosphere. The reagent should be freshly pre­
pared every 3 or 4 days. Five drops of thiophenol m ay be used 
instead of 1 ml. of the 10% thiophenol reagent.

D E T E R M IN A T IO N  O F  R H O D IU M

A method was developed for the gravim etric determ ination of 
rhodium by precipitation w ith thiobarbituric acid.

The rhodium solution was prepared by dissolving a  sodium salt 
of rhodium chloride in w ater containing 0.5 ml. of hydrochloric 
acid, filtering, washing thoroughly, and diluting to  2 liters. 
(The "sodium rhodium chloride” was donated by the In terna­
tional Nickel Company of Canada.) The solution was standard­
ized by the hydrogen sulfide method (9). An aliquot of solution 
containing approxim ately 25 mg. of rhodium v'as diluted to  200 
ml. and acidified w ith  0.5 to 5 ml. of hydrochloric acid, 10 ml. of 
1.4% w /v  thiobarbituric acid in 95%  ethanol were added, and 
the solution was heated to  boiling. The p ink solution became a 
dark red-browm in color. A fter boiling 2 to  3 m inutes a  very 
fine red-brown precipitate appeared. The solution was boiled 
for 2 hours and the  precipitate settled ou t as chocolate-brown 
crystals. The m ixture w'as filtered, washed, ignited a t  red heat 
for 20 minutes, reduced in hydrogen, cooled in  nitrogen, and 
weighed. Results are included in Table I I  (36 to  45).

Spot tests on the evaporated filtrates proved the absence of 
rhodium. This method presents greater ease of operation than 
the hydrogen sulfide method. The results obtained by both 
methods agree very closely. Thiobarbituric acid is the first 
organic precipitant proposed for the gravimetric determ ination 
of rhodium.
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An attem pt was made to  determine the composition of the 
rhodium -thiobarbituric acid complex.

A rhodium  precipitation was carried ou t in ethanol with thio- 
barbituric acid reagent. The precipitate was filtered, washed 
with ethanol, dried under reduced pressure, and weighed. The 
residue was transferred to  a  small beaker, the organic m atter 
destroyed w ith sulfuric and nitric acids, and the rhodium deter­
mined by the hydrogen sulfide method. The percentage of rho­
dium in the complex averaged from three determ inations was 
26.7%.

If two molecular weights of thiobarbituric acid were combined 
with one atom ic weight of rhodium, the la tte r  replacing one hydro­
gen of each thiobarbituric acid molecule, the am ount of rhodium 
present would bo 26.5%. If one rhodium were associated w ith 
three thiobarbituric acid molecules the am ount of rhodium pres­
ent would be 19.3%. The valence of 2 for rhodium corresponds 
to  the usual valence for other m etals w ith  organic compounds of 
this type bu t is an uncommon valence for rhodium.

S U M M A R y

W ith the organic monosulfide compounds used in this investi­
gation, palladium and gold seem to be most readily precipitated 
completely under the conditions described. However, platinum

forms precipitates completely in m any cases. I t  is more difficult 
to  precipitate rhodium and iridium. Copper, nickel, and iron 
do not form precipitates readily w ith these reagents.

Conditions are described for the gravim etric determ ination 
of rhodium by thiobarbituric acid and of platinum  by thiophenol.

Vol. 18, No. 2

L IT ER A T U R E  CITED

(1) Beamish, F . E ., and Dale, J., I n d .  E n o .  Chem ., A n a l .  E d .,  10,
697 (1938).

(2) Beamish, F . E ., and Donahoe, It. F., unpublished m anuscript.
(3) Beamish, F . E., Russell, J . J., and Seath, J., I nd . E no . Chem .,

A n a l . E d ., 9, 174 (1937).
(4) Berg, It., and Fahrenkam p, E . S., Z. anal. Chem., 109, 305

(1937).
(5) Ibid., 112, 161 (1938).
(6) Berg, R ., and Roebling, W., Anyew. Chem., 48, 403 (1935).
(7) Ibid.., 48, 597 (1935).
(8) Berg, R „ and Roebling, W., Her., 68B, 403 (1935)..
(9) Gilchrist, R., Bur. Standards J . Research, 9, 547 (1931).

(10) K ienitz, H ., and Rombock, L., Z . anal. Chem., 117, 241 (1939).
(11) M ann, F . G., and Purdie, D., J . Chem. Soc., 1935, 1549.
(12) Rogers, W. J., Beamish, F. E., and Russell, D . S., I n d . E n o .

Chem ., A n a l . E d ., 12, 561 (1940).
(13) Thompson, S. O., Beamish, F . E ., and Scott, M ., Ibid., 9, 420

(1937).
(14) Zeise, W. C „ J . prakt. Chem., 1, 225 (1834).
(15) Ibid., 1, 396 (1834).

Hcxamethylcnetetramine in Separations of Titanium 
and Columbium

K A R L  W . TR A U B , The Titanium A l l o y  Manufacturing Co., Niagara Falls, N .  Y.

A  p rocedure  for gravimetric determination  of  ti tanium in ferro- 
titanium alloys is rep o r ted ,  in which hexam ethy lene te tram ine  el imi­
nates the  use of hydrogen  sulfide for removal  of  iron. Sodium 
hydro x id e  an d  hexam ethy lene te tram ine  are used in a p ro ced u re  for 
determining co lum bium , ti tanium, or bo th  in high chromium-nickel 
steels containing tungsten, vanadium , a n d  m oly b d en u m . The pro ­
cedures are b e l ie v e d  to  b e  a p p l icab le  to  de termination  of  zirconium.

TH E  use of hexam ethylenetetram ine has been developed in 
the following procedures to separate divalent iron from ti­

tanium  and columbium.
Lehrman (.{, 5) used hexam ethylenetetram ine qualitatively  to 

separate divalent ions from numerous trivalont and tetravalent 
ions. Specific quantitative procedures using the reagent have been 
developed (I, 2, 3, 6, 7) to separate trivalent iron, alum inum , 
chromium, and titanium  from zinc, nickel, cobalt, manganese, 
calcium, and magnesium.

These references indicated a method of separating iron from 
titan ium  and columbium contained in ferro-alloys or stainless 
steels, based on reduction of iron to  the divalent sta te . The iron 
of those alloys and steels th a t m ay require an oxidizing acid for 
solution can be readily reduced by zinc after removal of the oxi­
dan t. Two procedures have been developed: one for the gravi­
metric determ ination of titanium  in ferrotitanium  alloys, the 
other for the determ ination of titan ium  and columbium in high 
chromium-nickel steels.

R E A G E N T S

All reagents used were the usual c.i>. grade. Hexamethylene­
tetram ine was purchased from the Eastm an K odak Company. 
Zinc spirals were obtained from the G. Frederick Sm ith Company, 
Columbus, Ohio.

G R A V IM E T R IC  D E T E R M IN A T IO N  O F  T IT A N IU M  
IN  F E R R O T IT A N IU M  A L L O Y S

In  a reduced solution hexam ethylenetetram ine will precipitate 
titan ium  and leave the iron in solution, presenting m any advan­
tages over the hydrogen sulfide method for the removal of iron:

1. I t  eliminates the use of obiloxious hydrogen sulfide and per­
mits the operations to  bo performed on the working bench w ith­
out any unusual ventilation.

2. The desired element, titanium , is precipitated, thus re­
moving any possible loss by hydrolysis.

3. A fter a  hydrogen sulfide separation the filtrate m ust be 
boiled to remove this reagent. I t  has been the experience of the 
author th a t the sulfur residue has always contained a trace of ti­
tanium  th a t requires an additional operation to  recover.

4. T itanium  precipitated w ith hexam ethylenetetram ine will 
filter much faster than  the bulky iron sulfide precipitate.

5. N o precipitates or residue requires working in platinum . 
This eliminates the necessity of removing traces of platinum .

Any zirconium will be found with the titanium , and appropriate 
means for its determ ination m ay be taken.

M any common separations have been used to  complete the 
desired analysis, such as cupferron and sodium hydroxide, and 
are mentioned only by name. Complete details can be found in 
any standard  reference.

P r o c e d u r e  A. Place 0.5000 gram of 80-mesh alloy in a  400- 
ml. beaker, add 100 ml. of 5%  sulfuric acid, and heat gently until 
the reaction has ceased. Add nitric acid dropwise until the sample 
is oxidized. M ake a sodium hydroxide separation to  remove 
vanadium . Transfer the washed precipitate and paper to  the 
beaker in which it was made. D estroy the organic m atter w ith 15 
ml. of sulfuric acid, 25 ml. of nitric acid, 10 ml. of perchloric acid 
(70 to  72%), and 5 to  8 grams of sodium sulfate by  covering and 
evaporating to  fumes of sulfuric acid. M ake sure th a t all the 
perchloric acid has been removed. Cool and dilute the sample to 
150 ml. w ith water. H eat the sample until all th e  salts are in 
solution, introduce an am algam ated zinc spiral, and reduce the 
solution. Since all the iron will reduce before any titanium , the 
deep violet color of reduced titanium  will indicate the complete 
reduction of iron to  th e  divalent state.

Remove the spiral and add 3 to  4 drops of 10% aerosol (wet- , 
ting agent obtained from any chemical supply house). By lower­
ing the surface tension of the solution the air oxidation of di­
valent iron is eliminated. Add ammonium hydroxide dropwise 
until the black precipitate th a t forms ju s t redissolves. Add a 
10% solution of hexam ethylenetetram ine until the sam ple is 
alkaline to  methyl red, introduce a  little ashless paper pulp, and
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Table 1. Determination of Titanium
B. of S. Sample Ti Contained T i Found

% %

Procedure A
116 25 .48 2 5 .43

25 .50
11GA 2 5 .08 25 .09

25 .05
2 5 .08
25.11

Procedure B
116 25 .48 25.53
116A 25 .08 25 .10

25 .13
25 .10°
25.14*

° Contained 0.25 gram of V.
* Contained 0.5 gram of V.

boil for 1 minute. F ilter on a medium texture paper using a 
m oderate suction, and wash the precipitate 5 to  6 times with a 
hot O.o% hexam ethylenetetram ine solution.

R eturn the precipitate and paper to  the beaker and destroy the 
organic m atter as described above. After the perchloric acid has 
been removed, cool, dilute the sample to 100 ml. with water, 
heat to  boiling, and filter. W ash the residue with hot water, and 
discard. (I t will be silicic acid with possibly some aluminum 
oxide.) H eat the filtrate and reduce it  w ith a zinc spiral. Re­
peat the ammonium hydroxide and hexamethylenetetramine 
separation.

If the sample contains copper, destroy the hexamcthylenetet- 
ramine precipitate and paper as above. D ilute the sample to  
200 ml. w ith w ater and make an ammonium hydroxide separation 
with a 5%  excess. Boil, filter, and wash the precipitate with a 
hot 5%  am m onium  hydroxide solution.

T ransfer the precipitate and paper to the same beaker and di­
gest it with 30 ml. of sulfuric acid. D ilute to  100 ml. with hot 
water and stir until the precipitate is completely in solution. 
Cool the sample to 10° C. and make a cupferron separation. 
Place the cupferron precipitate in a  tarcd platinum  dish of 75-ml. 
capacity, dry, and ignite w ith the usual precautions to a constant 
weight. In  umpire work correct the titanium  dioxide for traces 
of silica and iron. Convert the corrected weight of titanium  di­
oxide to titanium  (Table I, A).

Inasmuch as vanadium  can be reduced to a  valence of 2 with 
zinc, it  was decided to  investigate the possibility of eliminating 
the sodium hydroxide separation for its  removal. This was ac­
complished w ith a considerable saving of time. Iron and tita ­
nium m ust be reduced to a  valence of 2 and 3, respectively, before 
vanadium  will reduce to  a  valence of 2. If  the operator finds it 
difficult to  determine the complete reduction of the sample, Pro­
cedure A is suggested.

' P r o c e d u r e  B. Place 0.5000 gram of the alloy in a  400-ml. 
beaker w ith 100 ml. of 10% sulfuric acid and heat until the reac­
tion has ceased. Introduce a zinc spiral to ensure complete re­
duction (15 to 30 m inutes). Add 3 to  4 drops of aerosol and pro­
ceed with the double hexamethylenetetramine and ammonium 
hydroxide separations as given in Procedure A. Precipitate the 
titanium w ith cupferron, dry, and ignite the precipitate to a con­
stan t weight (Table II, B). Vanadium was added to two Bu­
reau of Standards No. 116A samples as indicated.

D E T E R M IN A T IO N  O F  T IT A N IU M  A N D  C O LU M B IU M  IN  
H IG H  C H R O M IU M -N IC K E L  STEELS

In  the usual procedure for the determ ination of columbium in 
heat-resisting steels this elem ent is hydrolyzed in  a dilute acid 
solution. I f  the steel also contains an appreciable am ount of 
titanium  th is method is no t very satisfactory. T itanium  can be 
hydrolyzed, b u t i t  is a  troublesome and time-consuming analysis. 
When, in addition, tungsten, vanadium , and molybdenum are 
alloyed in the steel, the determ ination of columbium and titanium  
is further complicated.

In  the au thor’s method tungsten, vanadium , and molybdenum 
are removed by a sodium hydroxide separation. W hile i t  is true 
th a t columbium alone is only partially  precipitated by sodium 
hydroxide, the results indicate that in the presence of titanium

and iron, columbium can be successfully separated from tungsten 
and vanadium . I t  appears th a t columbium like titanium  re­
quires the presence of iron to ensure complete precipitation in a 
sodium hydroxide separation. I t  is very im portant th a t the so­
dium hydroxide precipitate be washed w ith a  2%  sodium hydrox­
ide solution. Washing the precipitate with hot water causes a loss 
of columbium. Molybdenum is one of the elements with a va­
lence higher than  2 th a t is not precipitated by hcxamethylene- 
tetram ine. If the steel contains no tungsten or vanadium  but 
only molybdenum, no sodium hydroxide separation is necessary 
for its removal. Two hexamethylenetetramine separations re­
moved the molybdenum completely from an  alloy of molybdenum 
and titanium  containing over 50% molybdenum.

If  the sample contains tantalum  it will be found w ith the colum­
bium and titanium , and appropriate means for its determ ination 
m ust be taken. The developed procedure will give columbium, 
titan ium , or both if they are present in the sample.

P r o c e d u r e . Place 5.000 grams of drillings in 400-ml. beaker, 
add 100 ml. of 1 to 2 hydrochloric acid, and heat until the reac­
tion has ceased. Cool the sample to 10° C. and precipitate the 
columbium and titanium  by the usual cupferron method for ti­
tanium  in steels. Be sure to precipitate sufficient iron so th a t 
columbium and titanium  will not be lost in the subsequent so­
dium hydroxide separation (25 ml. of a 6%  solution should be 
more than  sufficient). R eturn  the precipitate and paper to the 
beaker. D estroy the organic m atte r w ith 10 ml. of sulfuric acid, 
25 ml. of nitric acid, 10 ml. of perchloric acid, and 3 grams of so­
dium sulfate, by covering and evaporating to  fumes of sulfuric 
acid. Cool, dilute the solution with water, and m ake a sodium 
hydroxide separation to  remove the tungsten and vanadium . 
(If no tungsten or vanadium is present omit this separation.) 
Wash the precipitate moderately w ith a ho t 2%  sodium hydrox­
ide solution.

Transfer the precipitate and paper to the same beaker and de­
stroy the organic m atter as in the cupferron precipitate, making 
sure th a t all the perchloric acid is removed. Cool, dilute the 
sample to 150 ml. with water, add 5 ml. of hydrochloric acid, and 
heat. Reduce the iron with a zinc spiral (indicated by the dis­
appearance of the yellow color due to  ferric chloride). Add 3 to 
4 drops of aerosol and ammonium hydroxide dropwise until the 
solution is nearly neutral to  m ethyl red. The appearance of a 
white precipitate will be due to titanium  or columbium hydroxide 
and is of no consequence to the removal of the iron. Add 10% 
hexamethylenetetramine solution until the sample is alkaline to 
methyl red. Introduce some ashless paper pulp and boil the 
sample for 1 minute. F ilter and wash the precipitate 5 times with 
a hot 0.5%  hexam ethylenetetram ine solution. Destroy the or­
ganic m atte r in the precipitate and paper as given for the cup­
ferron precipitate. R epeat the ammonium hydroxide and hexa- 
mcthylenetetram ine separation.

Table II. Determination of Titanium and  Columbium
B. of S. Sample % Contained % Found

0.394  Ti121

123A

121A, 2.5 grama 1 
123A, 2.5 grama I

“ Weighed aa TiOi.
* N o t  corrected for Ta.

0 .7 5  Cb

0.301  Ti 
0 .7 5  Cb

0 .4 0 3  T i“ 
0 .4 0 0  T i“
0 .7 8  Cb* 
0 .7 8  Cb*

(0 .3 5 6  Ti 
(0 .7 7  Cb*
(0 .3 5 2  Ti 
( 0 .7 8  Cb*
(0 .3 5 4  Ti 
(0 .7 7  Cb*

Sample containa 0.02%  Ta.

Transfer the precipitate and paper to  the same beaker and di­
gest it with 30 ml. of 1 to 1 sulfuric acid. D ilute the sample to 
100 ml. with hot w ater and stir well. Cool the solution to 10° C. 
and make a cupferron separation. D ry and ignite the precipitate 
in a fared platinum  dish of 75-ml. capacity. Remove silica in 
the usual m anner w ith sulfuric and hydrofluoric acids.

The residue is composed of the mixed oxides of columbium and 
titanium . Fuse the residue w ith sodium bisulfate. Dissolve 
and determine the titanium  colorimetrically with hydrogen per­
oxide in a  5%  sulfuric acid solution. Subtract the weight of ti­
tanium  dioxide from the to ta l weight of the oxides. Convert the 
difference, columbium pentoxide, to columbium (Table II).
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D ISCU SSIO N

W hen checked by speetrographic m ethods the precipitates 
showed no mercury or zinc, indicating th a t there is no contam ina­
tion from the amalgamated line  spirals.

In  the gravimetric determ ination of titanium  in ferrot-itanium 
alloys, a  procedure has been developed using hcxamethylcnctet- 
ramino th a t elim inates the use of obnoxious hydrogen sulfide 
for the removal of the iron.

In the determ ination of columbium and titanium , sodium hy­
droxide and hexam ethylcnctetram ine are used to  determine 
columbium, titanium , or both in high chromium-nickcl steels 
containing tungsten, vanadium , and molybdenum.

Prelim inary investigation on synthetic m ixtures of iron and

zirconium indicates th a t the procedures are applicable to  the de­
term ination of zirconium.
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Determination of M etallic Copper in Cuprous 

O xid e 'C u p ric  O x id e  M ixtures
IRV IN  BAKER A N D  R. STE V E N S GIBBS, Chemical L abora to ry ,  N orfo lk  N a v y  Yard, Portsmouth, V a .

For the de termination  of  metallic c o p p e r  In cuprous o x ld e -c u p r lc  
o x id e  mixtures, the cuprous o x id e  is dissolved in a di lute  a lcoholic  
hydrochloric  acid solution an d  the metallic c o p p e r  is d e te rm ined  in 
the insoluble  metallic c o p p e r - c u p r ic  o x id e  res idue  b y  d irec t  solu­
t ion in ac id  ferric ch lor ide  fo l low ed  b y  titration with eerie sulfate. 
Reaction be tw een  cupric ions and  metallic c o p p e r  is p reven ted  b y  
add it ion  of stannous chloride which r ed u ces  the  cupr ic  ion to cuprous 
ion. Difficulties in the  analys is of  commercial  c o p p e r  and  cuprous 
o x id e  pigments, d u e  to  physical  characteristics of  the p igments,  are 
p resen ted .  The effects of exposu re  t ime, tem pera tu re ,  a tm osphere ,  
and  solvents are listed.

A  large num ber  of analyses w ere m ade b y  this m ethod  on syn­
thetic mixtures and  commercial c o p p e r  and  cuprous ox id es  with 
ex ce l len t  results. The m ethod  is rapid and  accurate an d  requires 
o n ly  the  apparatus found  in the  average laboratory .  The personal 
factor involved in most a ttempts to  d e v e lo p  a m ethod  of analysis 
is e liminated and  on ly  a few and  re latively simple precautions are 
requ ired  in the performance of  the analysis.

CO M M ER CIA L cuprous oxide and copper pigments for use 
in antifouling pain ts or insecticides are prepared by several 

methods. The electrolytic m ethod for the preparation of cu­
prous oxide is based on the anodic oxidation of copper in an alka­
line solution. By control of the current density and the tem pera­
tu re  of the alkaline salt solution, the particle size of the cuprous 
oxide can be controlled to  produce a cuprous oxide of high purity . 
Pyrom etallurgical cuprous oxide is prepared by the reduction of 
mixed copper oxides obtained (a) as a  by-product of wire drawing 
o r copper annealing operations, (6) from the copper recovery of 
ore tailings, (c) by leaching scrap copper and  rich ore concen­
trates, and (d) from cement copper powder. T he mixed copper 
oxides are reduced by heating in a  reducing atm osphere to  change 
the cupric oxide to  cuprous oxide and grinding to a controlled 
fineness. T he cuprous oxides are then coated with a m aterial 
such as stearic acid, protein, pine oil, or m ineral oil to  prevent 
oxidation on storage. A new type of copper pigm ent for use as 
a  substitu te  for cuprous oxide in antifouling pain ts is prepared 
from cement copper, which is obtained as a sludge from acid 
copper mine w ater which has been passed over iron. T he copper 
is displaced from solution by the iron, forming a  spongy precipi­
ta te  of copper particles. Each particle of copper is coated with 
a  layer of cuprous oxide.

T he particle sizes of the constituents of the copper and cuprous 
oxide pigm ents are in general nonuniform  and vary  from 0.2 to 
30 m icrons w ith a  m ean average diam eter ranging from 1 to  5 
microns. The pigm ent obtained from these m anufacturing opera­

tions contains various percentages of cupric oxide and m etallic 
copper, depending on th e  processing received and the raw  m aterial 
used. Besides variations in composition, the various m anufactur­
ing processes result in  different particle shapes and surface struc­
ture. In  some types th e  cuprous oxide particles are covered with 
finer particles of cupric oxide. By electron microscopic photo­
graphs, the particles of cupric oxide formed in  the pigm ent on 
aging or as a  result of incom plete reduction in m anufacture were 
found to be approxim ately one ten th  the size of the cuprous oxide 
particles in the pyrochemical type cuprous oxide. In  the copper 
pigments, th e  m etallic copper contains cuprous oxide on the sur­
face of the copper. The electrolytic pigm ents have particles of 
definite structure, whereas the pyrom etallurgical pigm ents have 
irregular shaped particles. The da ta  presented in  T able I indi­
cate the wide variation  in physical properties of these pigm ents.

L IT ER A T U R E  R EV IEW

In  a  previous paper (I) the au thors reviewed the difficulties 
involved and the results of numerous a ttem p ts to  develop a 
quan tita tive  determ ination of the components of the finely 
divided m ixtures of cuprous oxide, cupric oxide, and metallic 
copper. A m ethod was developed th a t gave reproducible results 
on a  num ber of types of electrolytic and pyrom etallurgical 
cuprous oxide pigm ents. T he procedure is based on th e  use of a 
dilute aqueous hydrochloric acid solution, using hydrazine sul­
fate to  reduce any  dissolved cupric ions. Although an im prove­
m ent over previous methods, fu rther experiments have shown the 
method to  lack sufficient accuracy. Since the publication of this 
paper, a  num ber of m anufacturers have undertaken the m anu­
facture of cuprous oxide and  copper pigments. Samples received 
from several m anufacturers were analyzed, using the hydro-

Table I. Physical Propert ies  of Cuprous O x i d e  an d  C o p p e r  
P igments

Electro­ Pyrometallurgical C 112O
lytic Copper M anufac­ M anufac­

Grade CuiO Pigm ent turer 1 turer 2
Apparent density, lb ./  

cu. ft. 51 .2 9 7 .8 128.8 105-132
Oil absorption, lb. of o il/  

100  lb. of pigment H -7 15.2 8 . 1 6 .5 -7 .1
Specific gravity o. 59 5 .7 2 5 .8 4 -5 .9 4
Color (Munsell) R  4 /6 R 3 /6 R 4 /6 R  3 /4 -R  4 /6
Crystal structure Star shaped Porous Irregular Irregular
Average particle diam­

eter, microns 2 . 1 2 .5 2 . 1 3 .0 - 5 .0
% particles less than 1  n 1 1 33 60 15-22
%  particles 1 -3  ¡x 56 46 32 19-40
%  particles 3 -5  n 
%  particles over 5 jx

25 17 6 10-23
8 4 2 21-49
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chloric acid-hydrazine sulfate m ethod (I) for metallic copper 
content.

N egative figures are obtained for cupric oxide and two of the 
sam ples show over 100% of cuprous oxide plus metallic copper. 
I t  is believed th a t  this is indicative o f: high to tal reducing power, 
presence of other m etals or reducing agents having a reducing 
action on eerie sulfate, or low m etallic copper.

Previous results (1) on the determ ination of to tal reducing 
power using eerie sulfate showed the accuracy of this method to 
be satisfactory. Exam ination of the pigments showed th a t no 
o ther m etals or organic m atte r are present in sufficient quantity  
to affect the results m aterially. Therefore, the indication is 
th a t the m etallic copper is low.

D E V E L O P M E N T  O F  M E T H O D '

One of the chief difficulties involved in developing an analytical 
procedure for the determ ination of copper in the presence of 
cuprous oxide and cupric oxide is in the preparation of a standard 
reference sample, the composition of which is definitely known. A 
standard  prepared by m ixture of a pure electrolytic cuprous ox­
ide, copper powder, and cupric oxide is no t representative of the 
commercial pigments. The cupric oxide in the synthetic mix­
tures has larger particle size and different surface structure, and is 
less reactive than  the cupric oxide in the pigm ent which is often 
formed directly on the copper or cuprous oxide particles. The 
commercially prepared pigm ent is an intim ately mixed combina­
tion of the copper cuprous oxide, and cupric oxide prepared si­
multaneously in situ  during the m anufacturing process, whereas 
the synthetic m ixtures are composed of three definite, separate 
particles of copper, cuprous oxide, and cupric oxide. Moreover, 
the physical properties of various grades of commercial pigments 
are sufficiently different to  a lte r their reactivities tow ard various 
chemical reagents. Therefore, a  procedure for the determination 
of copper m ust be accurate no t only for synthetic mixtures but 
also for all types of commercial pigments before being acceptable. 
N egative figures for cupric oxide and to ta l concentrations of in­
gredients adding to  more than  100% will aid in determining the 
accuracy of a  procedure. Reproducibility of results cannot be 
used as a  criterion of accuracy, b u t only as a determination of the 
personal factor involved in the method.

As previously noted, the difficulty in selectively dissolving 
cuprous oxide and separating it  from metallic copper in the pres­
ence of cupric oxide is based on the sensitivity of the finely 
divided components to  chemical solutions and the effect of dis­
solved cupric ion on m etallic copper. In  the previous methods, 
the reagents used for dissolving cuprous oxide also attacked the 
copper, a ttacked  the cupric oxide w ithout reducing the resultant 
cupric ions rapidly enough to  prevent a ttack  on copper, or formed 
reaction products th a t attacked  the copper.

An indication of the effect of the reagent on the copper can be 
obtained by noting the effect of the time of contact between the 
reagents and the sam ple on the percentage of copper determined. 
In  all previous methods, the time factor is of considerable im­
portance, indicating th a t the metallic copper determinations are 
low. M aximum indication of accuracy is inferred from a pro­
cedure having a negligible time factor.

A reagent to be suitable m ust have no effect on metallic copper 
and slight a ttack  on cupric oxide and m ust completely dissolve 
the cuprous oxide. A reagent th a t has no effect on cupric oxide 
is unsuitable for the determ ination of metallic copper in certain 
pyrom etallurgical grade cuprous oxides, since a  large portion of 
the cuprous oxide particles are covered with cupric oxide, thus 
preventing the required dissolving action. Too great an  attack  
on the cupric oxide results in an excess concentration of cupric ions 
which m ay a ttack  copper before reduction. D ilute hydrochloric 
acid (I) results in rapid and complete solution of the cuprous 
oxide and a  slight a ttack  on cupric oxide. Ammonium hydrox­
ide, amm onium chloride, silver sulfate, and iodine were found to 
be unsuitable (I).

Table II. Conductivity  of A q u e o u s  and  O r s a n i c  Solutions

Solvent

Water
Water
Alcohol (95%) 
Alcohol (95%) 
Acetone 
Acetone

Stannous chloride 
Gram 8

Composition of Solutions per 100 Ml.
_____________ of Solvent_____________

Hydrochloric acid 
(sp. gr. -  1.19) 

ML
4 
4 
4 
4 
4 
4

C onductivity  
25° C. - 1 0 °  C. 

M illim hoa/cm .
180 
190 

7 .4  4 .8
6 . G 3 . G
3 .8  1.4
8 .0  6 .5

Experim ents were conducted to eliminate the a ttack  of dilute 
hydrochloric acid on metallic copper and minimize the a ttack  on 
cupric oxide. The strength  of an  acid is dependent on the degree 
of ionization, which is in tu rn  dependent on the dissociation of 
the acid. Acids require w ater or similar polar mediums to  enable 
ionization. Maximum ionization is obtained a t  infinite dilution. 
Although use of concentrated acid will decrease the total per cent 
ionization, its a ttack  on the copper will increase. Therefore, the 
acid concentration is kep t low bu t the w ater is replaced w ith an 
organic medium, ethyl alcohol, which reduces the ionization and 
conductivity of the solution. Alcoholic solutions of hydrochloric 
acid were found to give higher metallic copper figures, showing a  
decreased solution of copper. However, the results obtained for 
metallic copper decreased with increasing cupric ion content of the 
solution, indicating the need for a  reducing agent to  reduce any 
cupric oxide dissolved.

The selection of a  reducing agent is restricted to a reagent sol­
uble and active in dilute alcoholic hydrochloric acid solutions. 
After examination of a num ber of reducing agents, stannous chlo­
ride was found to m eet the requirem ents. I t  is soluble in the 
alcoholic solution and quickly reduces cupric ion to  cuprous ion. 
F urther experiments on a num ber of commercial cuprous oxide 
samples containing very  finely divided copper and cupric oxide 
showed tn a t more accurate results and a decreased effect of time 
factor could be obtained w ith this solution by keeping the tem ­
perature low, particularly in cement copper pigments. T he 
combined effect of lower tem perature and inert atm osphere can 
be obtained by adding dry ice (solid carbon dioxide) to  the re­
agent. Table II  lists the conductivities obtained a t  various com­
positions of solutions and tem peratures and illustrates clearly 
the reduced ac tiv ity  of the alcoholic solution.

R E A G E N T S

D e n a t u r e d  A lcohol, F orm ula  12A. To 1 liter of 95% 
ethyl alcohol, add 5 ml. of benzene. (Pure grain alcohol can be 
used in place of the denatured alcohol.)

E x t ra c tio n  S o l u t io n . Add 40 ml. of concentrated c.p. 
hydrochloric acid (sp. gr. 1.19) to 1 liter of the denatured alcohol. 
Mix thoroughly. Add 40 grams of c.p. fresh stannous chloride 
(SnCl2.2H20 ) and s tir until completely dissolved.

F er ric  C h lo r id e  S o l u t io n . Add 75 grams of c. p . ferric 
chloride hcxahydrate and 150 ml. of c.p. hydrochloric acid (sp. 
gr. 1.19) to  400 ml. of distilled w ater. S tir to  complete solution, 
add 5 ml. of 30%  hydrogen peroxide solution, and boil to remove 
excess.

Cer ic  S u l fa t e  S o l u t io n . Mix 50 grams of ammonium hexa- 
n itra to  cerate and 52 ml. of 1 to 1 sulfuric acid and dilute slowly 
to  1 liter w ith distilled water, stirring constantly. Allow to stand 
several days and filter off any suspended insoluble m atter. 
Standardize by dissolving pure, analyzed copper foil free from 
oxide coatings in ferric chloride solution and titra ting  with the 
ceric sulfate solution, using o-phcnanthroline indicator.

I n d ic a t o r . o-Phenanthrolinc ferrous complex (ferroin), 
m anufactured by G. Frederick Sm ith Co., Columbus, Ohio.

P R O C E D U R E

Add about 20 ml. of 4-mm. diam eter glass beads to a 250-ml. 
Phillips conical beaker w ith lip. Weigh accurately, using tared 
glazed paper, a sample of suitable size depending on the metallic 
copper content. Use 1-gram sample for samples containing up 
to 10% metallic copper, 0.15-gram sample for high copper samples 
(80% metallic copper), and proportional am ounts for interm edi-
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Table IV . A n a ly s e s  of Commercial C o p p e r  and  Cuprous O x i d e  Pigments
Lot No. 29 1110 T-675 926 656 237 252H 3 1
Type Grade A Grade B Copper Grade A Grade B Grade B Grade A Copper Copper

CujO C u jO Pigm ent C u jO C u jO CujO CuiO Pigment Pigment

Copper, % 0.69 9.33 77 .3 0 .5 5 5.67 2.97 4 .39 80 .3 75 .7
0 .71 9 .4 6 77 .1 0 .61 5 .5 0 2 .94 4 .3 0 80.1 7 6 .0
0 .6 8 9.51 7 7 .0 0 .5 8 5.61 2 .96 4 .3 3 80 .5 7 5 .8
0 .71 9 .5 5 7 7 .4 0 .5 8 5 .6 0 2 .9 0 4 .29 80 .5 7 5 .6
0 .7 0 9 .43 77 .3 0 .6 0 5 .5 5 2 .95 4 .1 8 80 .3 7 5 .9
0 .6 8 9 .5 0 7 7 .4 0.61 5 .65 2 .9 0 4.35 80 .4 7 6 .0

Av. 0 .6 9 9 .45 77 .3 0 .59 5 .6 0 2 .9 4 4 .31 8 0 .4 7 5 .8

Av. deviation, % * 0 .0 1 * 0 .0 5 * 0 .1 ± 0 .0 3 * 0 .0 5 * 0 .0 4 * 0 .0 5 * 0 .1 * 0 .1
Total reducing power 99 .4 101.1 188.9 9 6 .0 101.3 9 2 .0 101.4 190.0 186.6
Total copper (electro- 

lytically) 8 7 .8 88 .1 9 1 .6 87.4 88 .4 80 .6 8 6 .8 88 .6 9 0 .5
CuiO, % 9 7 .8 7 9 .8 15.0 94 .7 87 .7 85 .3 91 .7 9 . 1 16.0
CuO, % 0 .3 9 .7 1.3 3 .4 6 .1 2 .4 1.3 0 .2 0 .7

a te  mixtures, so th a t a  titra tion  
greater than  50 ml. of the 0.1 N  
eerie sulfate is no t required.
Add 25 ml. of denatured alcohol 
to the beaker and swirl vigor­
ously for 1 m inute to disperse 
the pigm ent and break up any 
lumps. Add slowly 100 ml. of 
the extraction solution while 
swirling the flask. A fter the 
addition of the extraction solu­
tion, swirl the flask vigorously 
for 5 minutes, adding lumps of 
dry  ice continuously during this 
time to  lower the tem perature 
of the solution to approximately 
0° C. Break up any remaining 
lumps with a glass rod or police- 
man.

Filter off the m etallic copper-cupric oxide residue on a  filter 
pad as described below. Continue the addition of d ry  ice to  the 
solution in the extraction flask to  keep th e  tem perature low. 
Wash the flask and residuo w ith 150 to  200 ml. of denatured al­
cohol, using suction. T ransfer the filter pad containing the resi­
due to  the original extraction flask and dissolve in .25 ml. of the 
ferric chloride-hydrochloric acid solution, m aintaining an atm os­
phere of carbon dioxide above the sample by addition of dry ice. 
H eat on a steam  b a th  to  dissolve th e  copper. Add 50 ml. of dis­
tilled w ater and  3 drops of o-phenanthroline indicator. T itra te  
w ith the standard  eerie sulfate un til the  color changes from 
orange to pale green. C alculate the metallic copper content as 
follows:

G rains Cu per ml. eerie su lfate solution X ml. eerie sulfate 
weight of sample

100 = %  metallic copper 

N O T E S  O N  P R O C ED U R E

During the 5-m inute swirling period, approxim ately 25 to  30 
grams of d ry  ice are added in about 5-gram portions. The 
initial lumps of d ry  ice arc volatilized rapidly, owing to  the tem ­
perature of the solution. About 15 grams of dry  ice are added in 
t he first 2 m inutes w ith a  subsequent drop in  tem perature to  0 0 C. 
The remaining 10 gram s volatilize more slowly and gradu­
ally lower the tem perature to  the vicinity  of —10° C. These 
directions are no t critical b u t merely serve as a  guide line. D ur­
ing the filtration period, additons of dry  ice to  the flask should be 
continued to  keep the solution cold until all the extraction solu­
tion has been filtered.

Table III. Determination of M e ta l l ic  C o p p e r
W eight Taken

in Syn thetic  M ixture

M etallic Cu° C u jO* CuOc Cu Taken Cu Found Error
Gram Gram Gram % % %

0.1250 9 8 .8
0.0984 9 8 .6
0 .1402 98 .5

o.’ iôo 0 .4 8
0.100 0 .5 0
0.100 0 .5 0

l'.ÖO 0 .0
1 .00 0 .0

o' 0195 o!Ô80 2. 42 2 .3 8 - ô: ô4
0.0143 0.985 1.90 1.87 - 0 . 0 3
0.0257 0.975 3 .03 2.57 - 0 . 0 6
0.0789 0.910 8.34 8 .22 - 0 . 0 8
0.1405 0.860 14.31 14.19 - 0 . 1 2
0 .1410 0.400 26.1 25 .9 - 0 . 2 0
0. 1329 0. 130 50 .3 50.1 - 0 . 2 0
0.1307 0.050 71 .6 71 .5 - 0 . 1
0 .0205 0.810 0 .2 0 2.01 1.98 - 0 . 0 3
0 .0413 0 .820 0 .2 0 4.23 4 .2 5 + 0 .0 2
0.0745 0 .750 0 .2 0 7 .2 2 7.19 - 0 . 0 3
0 .1426 0 .610 0 .2 0 15.1 14.9 - 0 . 2 0
0.0317 0 .510 0 .5 0 3 .2 5 3.27 +  0 .02
0.0787 0 .500 0 .5 0 7.44 7 .31 - 0 . 1 3
0.1384 0.420 0 .5 0 13.1 12.9 - 0 . 2 0
0.1211 0.130 0 .1 0 34 .3 3 4 .2 - 0 . 1 0
0 .1148 0 .0 5 0 0 .05 52 .9 51.7 - 0 . 4 0
0 .1445 0 .0 5 73 .4 73 .2 - 0 . 2 0
0 .1327 0.17 43 .3 4 3 .4 + 0 .1 0
0.1126 0 .4 6 19.6 19.5 - 0 . 1 0
0. 1098 0 .7 5 12.6 12.4 - 0 . 2 0
0.1275 0 .8 8 12.5 12.4 - 0 . 1 0

° 325-mesh copper powder extracted with extraction solution used in pro-
cedure. Total reducing power of extracted copper powder is 222.3, equiva-
lent to  98.8% Cu. This figure was used for metallic copper for calculation  
of % Cu taken.
. * A commercial grade material containing 0.5% metallic Cu. Calculated 
copper was corrected for this amount.

c A 325-mesh reagent grade material with a 0.0%  total reducing power.

The electrolytic type of cuprous oxide pigm ent (252H) was 
the only one which gave some difficulty in dispersing and breaking 
up lumps. The difficulty is due to  the fact th a t a different c o a t­
ing is used on this pigm ent to p revent a ir oxidation. After 
swirling 5 m inutes w ith the extraction solution, a num ber of small, 
undispersed lum ps of cuprous oxide were clearly visible. How­
ever, these can be readily dispersed and dissolved by crushing 
them with a glass rod or a policeman. The solution should not be 
filtered un til there is no evidence of lumps present.

Because of the extremely fine particle size of the m etallic cop­
per in some samples, care m ust be exercised in the filtration. The 
following method of filtration has been found satisfactory:

Prepare a  layer of coarse asbestos on a glass or hard-rubber 
perforated disk contained in  a Shinier filtering tube. Next, 
place a layer of fine asbestos over the coarse and pack firmly using 
suction. Wash the filter pad thoroughly w ith denatured alcohol. 
The pad is now ready for the filtration. If any copper passes 
through the pad, as is evidenced by a  reddish color in the filtrate, 
discard the sample and repeat the analysis using a thicker and 
more tightly  compressed pad.

RESU LTS O F  A N A L Y S IS

The m etallic copper content of a  num ber of synthetic mixtures 
was determ ined by the above procedure (Table I I I ) . T he syn­
thetic m ixtures were prepared by weighing various am ounts of 
metallic copper, cuprous oxide, and cupric oxide in such propor­
tions as to  obtain from 0 to  100% of each ingredient, to  determ ine 
the effect of each constituent on the result for m etallic copper. 
In  only one case was the error greater th an  0.3% . Although 
these results are satisfactory, it  m ust be borne in m ind th a t the 
ingredients were prepared separately and are no t the same in ti­
m ate  m ixtures th a t are found in commercial samples. M ore­
over, the copper powder is no t so fine as m any of the metallic 
copper particles found in the commercial samples.

Table IV  lists the results of m etallic copper determ inations on 
a num ber of commercial antifouling pigm ents. L ots 29, 1110, 
926, 656, and 237 are pyrom etallurgical-type cuprous oxide pig­
ments. L ot 252II is an electrolytic cuprous oxide. Lots T-675, 
1, and 3 are copper pigm ents from cem ent copper. T he average 
deviations are indicative of the degree of accuracy obtainable 
w ith th is procedure. T he to ta l reducing powers and the to tal 
coppers were determ ined by the m ethods outlined in ( /) , except 
th a t the eerie sulfate was standardized w ith c . p .  analyzed copper 
foil. The cuprous oxide .and cupric oxide were determ ined by 
calculation. The increased accuracy of th e  m ethod is indicated 
by the results obtained for lo t 3. All the results for m etallic cop­
per obtained by m ethods previously discussed gave a consider­
ably lower figure. T his resulted in a  negative figure for cupric 
oxide— for example, the m ethod of ( /)  gave a  figure of 70%  me­
tallic copper for lot 3 which resulted in a  negative cupric oxide 
value of —12.9%. T he average deviations obtained for the 
samples containing less than  10% copper was ± 0 .05% . For 
high copper samples, an average deviation of ±0.1  %  was obtained.
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E X P E R IM E N T A L  W O R K

E f fe c t  of C o n ta ct  T im e  a n d  T e m p e r a t u r e . The tim e of 
shaking in the extraction solution was varied from 2 m inutes to 
1 hour, m aintaining the low tem perature by  continual additions 
of d ry  ice. High results were obtained on lots 926 and 29 when 
shaken only 2 minutes. Check results were obtained w ith all 
the samples when shaken in the extraction solution for from 5 
m inutes to 1 hour, provided th e  tem perature was kept low. The 
effect of th e  decreased tem perature is to  eliminate the solvent 
action of the solution on the finely divided copper and greatly 
decrease the solvent action on the cupric oxide.

E f f e c t  of A t m o sph e r e  a n d  T e m p e r a t u r e . The determina­
tion of copper in an  aqueous medium requires the use of an inert 
atm osphere above the solution to prevent rapid oxidation due to 
the high oxygen sensitivity  of an aqueous acid solution of copper. 
The experiments w ith the proposed method show th a t the copper 
in the organic solution is insensitive to oxygen and the presence of 
an  inert atm osphere is unnecessary. The im portant factor in the 
use of the alcoholic extraction solution, as dem onstrated in Table 
V, is the use of low tem peratures. Excellent results arc obtained 
a t  low tem peratures regardless of the surrounding atmosphere, 
and despite the fact th a t the copper is kept in contact with the 
extraction solution for one hour before filtering. At room tem­
perature, however, low results are obtained in most cases when 
the copper and extraction solution are in contact one hour re­
gardless of the atm osphere.

E f fe c t  of S o l v e n t . The choice of a suitable solvent is 
lim ited by several factors. The solvent m ust remove the surface 
coating to  disperse the pigm ent. The stannous chloride and 
cuprous chloride formed from the reaction of cuprous oxide and 
hydrochloric acid m ust be completely soluble in the solvent. 
These conditions elim inate m ost of the solvents except acetone 
and alcohol. The use of acetone results in rapid deterioration of 
the extraction solution and yields low metallic copper figures on

Table V .  Effect of Temperature and  A tm o sp h e re  on M etallic  
C opper  Determinations

Lot No. 29 656 252TI 3
—10° C. with dry ice additions to the solution 0 .7 0  5 .6 3  4 .3 0  8 0 .2
—10° C. by placing extraction flask in alcohol- 

dry ice bath (no inert atmosphere) 0 .6 9  6 .5 8  4 .3 5  80 .5
CO* gas (room temperature) 0 .5 2  4 .6 7  4 .2 5  79.1
N j  gas (room temperature) 0 .5 5  4 .4 0  2 .9 8  78 .7
Room temperature (no.inert atmosphere) 0 .4 0  3 .7 7  3 .0 7  78 .5

Samples remained in contact with extracting solution for 1 hour.

the samples of high metallic copper content. Tire m ixture of 
hydrochloric acid, stannous chloride, and denatured alcohol re­
mains clear and water-white indefinitely. Replacing the alcohol 
w ith acetone results in the form ation of a  light yellow reaction 
product in 24 hours and a dark brown reaction product in several 
weeks. The result for m etallic copper becomes progressively 
lower as the acetone extraction solution ages. No deleterious 
aging effects are found in the alcohol extraction solution.

A cid  C o n c e n t r a t io n . The concentration of 4  ml. of con­
centrated hydrochloric acid per 100 ml. of solvent used in the 
extraction solution represents the minimum quan tity  th a t will 
completely dissolve all the  cuprous oxide in the samples tested. 
Doubling the acid concentration does no t m aterially affect the 
results, owing to  the low conductivity of the solution.

St a n n o u s  C hlo r id e  C o n c e n t r a t io n . Less than 2 grains or 
more than  6 grams of stannous chloride per 100 ml. of denatured 
alcohol in the extraction solution results in low metallic copper 
figures in a num ber of instances.
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Determination of Magnesium in Aluminum A llo y s
H E N R Y  C. DETERDING A N D  R IC H A R D  G .  T A Y L O R ,  S onken  G alam ba  Corporation ,  Kansas City, Ka ns.

The au thors submit an analytical m ethod  of  making the  initial separa­
tion of magnesium h y d ro x id e  In the  presence  of  other  alloying 
constituents he ld  in solution as com plexes  formed under  controlled 
pH  condit ions.  Final de term ination  of magnesium may b e  a 
simple spec trophotom etr lc  m easurem ent of  the light transmission or 
optical dens i ty  of the  magnesium hydroxyqu ino la te  in hydrochloric  
acid so lu tion ,  th e  volumetric bromate-thlosulfate titration of mag­
nesium h y d ro x y q u in o la te ,  or  a gravimetric weighing as magnesium 
pyrophosphate .

TH E increased production of complex aluminum alloys has 
created a difficult problem for the analytical chemist. Pres­

ent alum inum alloys contain varying percentages of copper, iron, 
zinc, silicon, manganese, magnesium, chromium, nickel, titanium , 
and occasional associated im purities such as calcium, lead, tin, 
and bism uth. Spectrographic methods for the analysis of these 
complicated alloys have become increasingly popular, b u t only 
the larger laboratories have been able to obtain or can afford 
to purchase spectrographic equipment. The spectrograph does 
not eliminate the need of accurate chemical methods, since the 
spectrographer is dependent on the chemical laboratory for an 
accurate analysis of his spectrographic standards and the fre­
quent checking of his results.

Since magnesium has a m ost pronounced effect on the physical 
properties of these alloys, it  requires accurate analytical control. 
Standard basic procedures have been dependent on preliminary 
separation of the other m etals with a  final precipitation of the 
magnesium remaining. These procedures usually make an initial

a ttack  of the sample with sodium hydroxide, w ith addition of 
hydrogen or sodium peroxide if chromium is present. Samples 
of high silicon content require a  special or modified trea tm en t 
( /) . The initial sodium hydroxide a ttack  separates the  alum i­
num as soluble sodium alum inate, leaving the other alloying 
m etals as residuals. These are usually trea ted  w ith hot, dilute 
hydrochloric acid to  dissolve the magnesium, w ith a  resulting 
solution of m any other m etals as well. Experienced analysts 
have recognized th a t the magnesium in the residue from the 
initial caustic a ttack  is no t always readily or completely soluble in 
hydrochloric acid. This m ay be due to  a  partia l combination of 
the magnesium as magnesium silieide or other combinations with 
other alloying metals. T reatm en t of the residuals w ith nitric- 
sulfuric acids is effective in  assuring complete solution of the 
magnesium, bu t further complicates subsequent separations (2).

The “ideal” analytical method indicated a complete solution 
of the alloy in hydrochloric-nitric-hydrofluoric acids and a direct 
precipitation of the magnesium. A survey of the literature 
offered no known reagent specific in a  reaction w ith magnesium 
in acid solution and in the presence of alum inum  and other alloy­
ing metals. The very low solubility of magnesium hydroxide in­
dicated promise as an  initial separation if the other m etals could 
be held in an alkaline solution as complex compounds. Study 
and laboratory experiments proved th a t m any of the complexes 
soluble in  alkaline solutions could be formed by th e  addition of 
sodium ta rtra te , b u t manganese only by  the addition of ta rtaric  
acid to  the acid solution. Efforts to  separate nickel quan tita-
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lively as a cyanide complex were unsuccessful un til i t  was found 
th a t pH  control was necessary. A t a pH  of approxim ately 7, 
the formation of a  nickel cyanide complex soluble in alkaline 
solution is quantita tive. The presence of the ta r tra te s  serves 
the dual purpose of forming soluble m etal complexes and  acting 
as a buffer for pH  control in the form ation of the soluble nickel 
cyanide complex.

After a final precipitation as the hydroxyquinolate, the m ag­
nesium m ay be determ ined by the well-known brom ate-thiosul- 
fate titra tion  procedure (3). Spectrophotom etric m easurem ent, 
however, offers the decided advantages of elim inating the p repa­
ration and frequent standardization  of volum etric solutions. 
Several references in the  technical lite ra tu re  cover th e  conversion 
of magnesium hydroxyquinolate to  ferric hydroxyquinolate and 
subsequent m easurem ent (4, 7, 9, 10). T he au thors find i t  
easier merely to  dissolve the magnesium hydroxyquinolate in 
dilute hydrochloric acid and m easure the light transmission or 
optical density, using a light wave length of 365 nm. Using a 
cell having a  light p a th  of 1 cm., concentrations up to  6 micro­
grams per milliliter can be measured. The color is stable for 
several days and the plot of optical density vs. concentration 
obeys the Beer-Lam bert law.

The simpler colorimeters using a tungsten  lam p as a  light source 
do no t have sufficient sensitivity in the 365-nm band. A  mer­
cury II-4 lamp with a narrow band filter m ay be used w ith color­
im eters of the two-cell bridge-type circuit such as the Lum etron 
Model 402B, or the m easurem ent m ay be made w ith a  spectro­
photom eter such as the Beckman or the Coleman instrum ent.

When only an occasional analysis is to be made, the final pre­
cipitation of the magnesium m ay be made as the pyrophosphate 
w ith subsequent ignition and  weighing. The accuracy of this 
method is equal to th a t of the other m ethods employed.

IN STRU M EN TS

Spectrophotom etric m easurem ents were made using a Lume­
tron Model 402E fitted w ith an  H-4 m ercury lam p light source, 
a Sola constant-voltage transform er, a  narrow-hand 365-ma glass 
filter and 1-cm. cells. Also used was a  narrow band colorimeter 
of the authors’ own construction having a tungsten  lam p light 
source, a  929 vacuum photocell, and a slide-back potentiom etric 
measuring circuit w ith two stages of electronic amplification in 
the null point galvanom eter circuit.

R E A G E N T S

Sodium hydroxide solution, 200 grams dissolved and diluted to 
1000 ml. Potassium  cyanide solution, 300 grams dissolved and 
diluted to  1000 ml. Sodium ta r tra te  solution, 300 gram s dis­
solved and diluted to  1000 ml. T arta ric  acid solution, 300 
gram s dissolved and diluted to  1000 ml.

Bromocresol purple indicator, 40 mg. dissolved in 100 ml. of 
ethanol.

8-IIydroxyquinolinc reagent, 20 grams dissolved in 1000 ml. of 
isopropyl alcohol.

Alcohol-ammonia wash, 500 ml. of isopropyl alcohol, 480 ml. 
of w ater, and 20 ml. of amm onia water.

Sodium hydroxide wash, 100 ml. of sodium hydroxide solution 
diluted to 1000 ml.

Pyridine wash, 15 ml. of pyridine and 40 ml. of am m onia w ater 
in 1000 ml. of water.

Ammonium benzoate, 100 grams dissolved and diluted to 
1000 ml.

Alizarin Red S, 0.10 gram dissolved in 100 ml. of glacial acetic 
acid.

D ilute acetic acid, 200 ml. of glacial acetic acid diluted to  1000 
ml. D ilute hydrochloric acid, equal volumes of acid and water.

P R O C E D U R E

S p e c t r o p h o t o m e t r i c . Weigh a  sam ple of 0.6 gram  of alloys 
of 0.20 to  2.00%  magnesium  content, 1.2 gram s if the magnesium 
content is below 0.20%. Place the weighed sample in a  500-ml. 
Erlenm eyer flask and add 20 ml. of dilute hydrochloric acid, 
warming, if necessary, to  s ta r t  reaction. W hen the reaction is 
complete add 10 ml. of nitric acid and heat to  complete solution 
of the sample. In  the presence of silicon in  the alloy add hydro­
fluoric acid in  1- or 2-ml. portions, warming after each addition,

Table I. Determination  of M agnesium

Bureau of Standards 
N o. 85

No. 85a

Aluminum Research Institute  
No. 39

No. 40

Alcoa spectrographic standards 
SA 104

SAC 400

SAC 118

SSXA  142

Reported
%

Spectro­
photometric

%

Pyrophos­
phate

%

0 .4 0 0.39  
0 .3 9  
0 .4 0  
0 .41  
0.41  

Av. 0 .4 0
1.58 1.57

1.58
1.57
1.59
1.58  

Av. 1.578

1.57
1.58
1.59
1.59
1.59  
1.584

0 .2 1  av. 0.20  
0 .2 1  
0 .22  
0 .22  
0 .2 3  

Av. 0 .216
0 .1 4  av. 0 .14  

0 .13  
0 .1 3  
0 .1 5  

Av. 0 .137

0 .89 0.88 
0.88 
0 .89  
0 .89  
0 .9 0  

Av. 0.888
0 .0 5 0 .05  

0 .05  
0 .055  
0 .06  
0 .0 4  

Av. 0.051
0 .5 0 0.51  

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

Av. 0 .508
1 .53 1 .53

1.53
1.53  
1.51
1.54

Av. 1 .528

Com position of Samples Used
85 85a 39 40 104 400 118 142

Cu 4.11 2 .4 8 7 .4 0 0 .37 2 .00 4 .5 2 2 .9 0 4 .1 0
Sn 0.004 0.001 1 .05 0 . 1 2 0 .5 0
Pb 0.007 0.002 0 .49 0 . 1 0 0 .4 0
Zn 0.014 0.02 2 .23 0 .24 O'. 50 o'.'os 2 .87
Si 0 .46 0 . 1 1 1 .8 8 5 .5 8 6 .79 2 .35 2 .43 0 . Î 2
M n 0.56 0.66 0 .2 1 0 .0 8 0.09 0 .2 1
M g 0 .4 0 1 .58 0 .2 1  . 0 .1 4 0 .89 0 .0 5 0 .5 0 1.53
Cr 0 .23 0 .3 6 0 .09 0 .19
Ni 0 .41 0 .83 0 . 1 0 0 .17 0 .09 2 .0 7
Ti 0.02 0.016 0 . 1 1 0 . 1 0 - 0 .0 8 0 .09 0 . 1 1

until all silicon is dissolved and the solution is clear. E vaporate 
to drive off m ost of the free acids b u t avoid excessive form ation of 
crystals, since these m ay be difficult to  redissolve. A final volume 
o f  10 ml. will usually satisfy these conditions.

Add 30 ml. of ho t water, heat to  boiling, and dissolve all salts as 
rapidly as possible. Add 20 ml. of sodium ta r tra te  solution fol­
lowed by 20 ml. of ta rta ric  acid, boiling the solution vigorously 
a fter each addition. Add 8 to  10 drops of bromocresol purple 
indicator and add sodium hydroxide solution to  the appearance 
of a d istinct purple color, carefully avoiding any large excess. 
K eep a t  or near boiling during the addition of the sodium hy­
droxide solution. Add 10 ml. of potassium  cyanide solution and 
boil one m inute, then  add 30 ml. of sodium hydroxide solution 
while keeping the solution a t  a  vigorous boil un til perfectly clear. 
Add 100 nil. of ho t w ater slowly and hold ju s t a t  boiling tem pera­
ture about 1 or 2 m inutes.

Remove the flask from th e  heat- and swirl slowly. A fter slight 
cooling, the magnesium hydroxide usually appears as ra th e r fine 
particles. D igest on a ho t p late ju s t below boiling tem perature 
from 3 to o m inutes. W hen the precipitate coagulates into rather 
large clumps, filter through a W hatm an No. 30 or No. 40 or 
equivalent. W ash filter and flask thoroughly w ith ho t 2%  sodium 
hydroxide wash, taking care to  remove as much of the alum inum  
salts as possible. D iscard filtrate and washings.



R etention  of some alum inum salts by the filter paper and oc­
clusion by the magnesium hydroxide are unavoidable. Removal 
of these small traces of alum inum  m ust be made by one of the 
three following procedures:

(а) Dissolve th e  washed magnesium hydroxide from the 
filter w ith 30 ml. of ho t dilute acetic acid and wash the paper with 
hot water. Receive filtrate and washings in the flask in which 
the original precipitation was made. Hold volume to 60 to 75 
ml. Add 10 ml. of am m onium  benzoate solution (6) and bring 
just to boiling. Remove from ho t plate and allow to stand 2 
minutes. F ilte r on paper of medium texture, wash with warm 
water, and hold to ta l volume to  100 to 125 ml. Discard paper, 
and reserve filtrate and washings.

(б) Dissolve the washed magnesium hydroxide from the 
filter w ith 30 ml. of ho t dilute hydrochloric acid and wash paper 
w ith ho t w ater, holding volume to  60 to 75 ml. Add 2 drops of 
bromocresol purple indicator and carefully neutralize with am­
monia w ater to  the appearance of a fain t purple color. Add 1 
ml. of Alizarin Red S solution (S) followed by 2 ml. of ammonia 
water. H eat to  tem perature of approximately 90° C., remove 
from heat, and allow to  stand  until the appearance of a  red pre­
cipitate. F ilte r on m edium  texture paper and wash with warm 
water. Save the filtrate, and discard filter paper.

(c) Follow procedure given under (6) through neutralization 
with am m onia w ater. Add 2 ml. of pyridine and warm to 45° to 
50° C. Remove from hot plate, swirl flask thoroughly several 
times, and allow to stand  a few minutes. The aluminum pyri­
dine complex forms a w hite gelatinous precipitate. F ilter on a 
paper of usual type  and wash w ith pyridine-ammonia wash water, 
holding volume to approxim ately 125 ml.

Remove the small residual traces of aluminum by one of the 
three procedures given and precipitate the magnesium as the 
hydroxyquinolate. I f  procedure (a) has been followed, neutralize 
the solution w ith am m onia water, using a few drops of bromo­
cresol purple as indicator. To the neutral solution add a mini­
mum of 5 ml. of the 8-hydroxyquinoline reagent plus 1 ml. for 
0.1%  of magnesium above 0.5%  anticipated in the sample. (On 
samples of low magnesium content the addition of 2 or 3 ml. of 
ta rta ric  acid solution prior to the neutralization w ith ammonia 
w ater will facilitate the subsequent precipitation of the magne­
sium hydroxyquinolate.) Add 10 ml. of ammonia w ater and 
heat to a  vigorous boil. Then hold ju s t below boiling for 5 or 10 
m inutes or until the precipitate begins to  settle. Remove from 
hot plate and allow to stand  an  additional 5 minutes.

F ilter on W hatm an No. 40 or equivalent and wash thoroughly 
with th e  alcohol-ammonia wash to  remove all excess reagent. 
Dissolve the magnesium hydroxyquinolate precipitate from the 
filter w ith ,40 ml. of ho t dilute hydrochloric acid and wash paper 
with hot w ater. Receive the filtrate and washings in a 200-ml. 
volumetric flask, Kohlrausch type preferred. Cool thoroughly 
mid dilute to mark. P ipet accurately 20 ml. to a second 200-ml. 
volumetric flask, add 10 ml. of dilute hydrochloric acid, dilute to 
mark, and measure transmission or optical density. On alloys 
of low magnesium content, it  is preferable to  measure w ithout 
the second dilution and calculate accordingly.

Pr epa r a tio n  o p  S pectrophotom etric  G r a ph . Dissolve 0.5 
gram of pure magnesium m etal in 50 ml. of dilute hydrochloric 
acid and dilute to 1 liter. Measure accurately from a buret 30 
ml. into a 500-ml. Erlenm eyer flask, dilute to  125 ml., add 20 ml. 
of 8-hydroxyquinoline reagent and 12 ml. of ammonia w ater, 
Precipitate, and wash as directed above. Dissolve the precipi­
tate w ith 40 ml. of ho t dilute hydrochloric acid and receive the 
filtrate and washings in a  500-ml. volum etric flask. Cool and 
dilute to m ark. Measure accurately into 100-ml. volumetric
flasks 2-, 4-, 6-, ................20-ml. volumes, add 10 ml. of dilute
hydrochloric acid, dilute to  m ark, and measure transmission or 
optical density in  cells of 1-em. light path , using light of 365-m/x 
wave length. These quantities are equivalent to  0.20, 0.40,
0-60.............2.00%  magnesium content on the 0.6-gram sample
weight specified. Transm ission vs. concentration plotted on 
semilog paper should give a stra igh t line. Coleman spectro­
photometer paper has been found of a  convenient size and ar­
rangement for th is and sim ilar graphs.

B romate-T h io su l fa t e  M e th o d  (5 ). Using a sample weight 
of 0.5 or 1.0 gram  according to the magnesium content of the alloy, 
follow the preceding procedure through the final precipitation 
and washing of the magnesium hydroxyquinolate. Dissolve the 
precipitate from the filter w ith 30 ml. of hot dilute hydrochloric 
acid, receiving the filtrate and washings in a 500-ml. Erlenmeyer 
flask. Cool thoroughly, dilute to  125 to  150 ml., add 5 drops of 
carbon tetrachloride, and w ith constant swirling of the flask add 
the standardized potassium bróm ate solution from a buret until
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the carbon tetrachloride takes on a  fa in t reddish color. Add 10 
ml. of potassium  iodide solution and titra te  the liberated iodine 
w ith standardized sodium thiosulfate to  a pale straw  color. Add 
a few milliliters of starch solution and continue the titra tion  to 
the disappearance of the blue color. Add the las t few drops of 
thiosulfate slowly to ensure reaction w ith any sm all am ount of 
iodine held by the carbon tetrachloride. The brom ate solution 
may be standardized by precipitation of known am ounts of 
magnesium as the hydroxyquinolate and titra tion  in  the usual 
manner.

G r a vim etric  P y r o ph o sph a t e  M e th o d  (5 ). Using 0.5- to 
1.0-gram sample weight, precip itate the magnesium hydroxide 
and wash as directed. Dissolve the precipitate from the filter 
w ith 30 ml. of hot, dilute hydrochloric acid and remove the re­
sidual alum inum by the use of pyridine as given under procedure 
(c). Receive the filtrate from the pyridine separation in a 400- 
ml. beaker and make ju s t acid to  m ethyl red indicator, using 
d ilute hydrochloric acid. Add 10 to 20 ml. of sa turated  diam­
monium phosphate solution w ith constant stirring. Add am­
monia w ater slowly w ith continued stirring until no further pre­
cipitation is apparent, then  add an  excess of am m onia w ater 
equivalent in volume to  5%  of the original volume. Cover and 
allow to stand  overnight, preferably in  an  ice box. Use a  beaker 
free of scratches and avoid scratching w ith the glass stirring rod. 
F ilter and w ash w ith cold w ater containing 2%  am m onia water. 
Ignite in  a weighed porcelain crucible un til the prceipitatc is 
completely white. A fter burning off the filter paper, final igni­
tion in a muffle furnace a t  1050° to  1150° C. is preferable. Fac­
to r =  0.2184.
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E X P E R IM E N T A L  CH EC K S

Since various m etals are used as alloying additions in alum i­
num  alloys or m ay occur as im purities, synthetic samples of 
various compositions were prepared. These consisted of the 
chlorides of nickel, chromium, iron, copper, titan ium , calcium, 
tin, zinc, manganese, alum inum , and lead n itra te , together 
w ith known am ounts of magnesium as the chloride. These syn­
thetic samples were then analyzed by the spectrophotom etric 
procedure. Magnesium recovered agreed w ith the known am ount 
present w ithin the lim its of experimental error, indicating the 
noninterference of these metals. A nalytical results obtained on 
two Bureau of S tandards samples, two Aluminum Research In ­
stitu te  exchange samples, and four Aluminum Com pany of 
America spectrographic standards are reported in Table I. In 
the certificate furnished w ith the Alcoa spectrographic standards, 
the purchaser is warned th a t: “These standards are prepared 
and standardized for use in spectrographic analysis by methods 
similar to those of the Aluminum Com pany of America. They 
are no t necessarily suitable for use in analytical m ethods involv­
ing the use of other sample forms or procedures.”
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Determination of M enthol in Peppermint O il

A c e t i c  A n h y d r id e  and P yr id in e  as Reagent

J  S. J O N E S  A N D  S. C. F A N G ,  Chemistry D epar tm ent ,  O r e g o n  Agricultural Experim ent  Station, Corvallis, O r e .

TH IS study was undertaken to  m eet th e  need in a research 
program on pepperm int oil production for simplification and 

increased accuracy in m ethods used for the quantitative deter­
mination of menthol. The method of Power and Kleber (7), 
generally accepted in the arom atic industry for th a t compound 
and “official” in the U nited States Pharmacopoeia, is both time- 
consuming and of questioned reliability, since variable results 
on identical samples of oil have been obtained all too frequently 
by it in different laboratories.

Brignall (J) described a new procedure for the hydroxyl group 
based on th e  use of an acetylating m ixture consisting of acetic 
anhydride and «-butyl ether. In  pepperm int oils free menthol 
determ inations by this m ethod have averaged about 3%  lower 
than those done by the method of Power and Kleber. Christen­
sen and Pennington (3) worked out a m ethod involving the use 
of acetyl chloride in determ ining m enthol in pepperm int oil. 
By it, results of m enthol determ inations in th is laboratory agree 
very well w ith those obtained by the Brignall procedure b u t fall 
distinctly low in comparison w ith those obtained by the official 
method. O ther methods—viz., one by Dclaby, Sabctay, and 
Brengnot (8), one by Freed and W ynne (4), and one by Ogg, 
Porter, and W illits (5), each making use of a  mixture of pyridine 
and acetic anhydride—have been proposed for the analysis of 
prim ary and secondary alcohols w ith application of heat. A 
micromethod, too, has been proposed by Petersen, Hedberg, and 
Christensen (6) using the same reagent w ithout application of heat 
for determ ination of the hydroxyl content of pure organic com­
pounds. The authors recently applied this last-m entioned tech­
nique on the macro scale for the determ ination of free m enthol in 
pepperm int oils.

A N A L Y T IC A L  P R O C ED U R E

The necessary reagents are: c .p . acetic anhydride, pyridine c . p . 
and water-free, and sodium hydroxide 0.5 N  and carbonate-free.

An approximately 0.6-g'ram sample of oil is introduced into a 
weighed 7.5-cm. (3-inch) test tube by m eans of a  dropper and its 
weight again taken accurately to  find the weight of sample used. 
Approximately 0.5 gram of acetic anhydride is introduced into the 
tube, which is then reweighed. Following the addition of 0.5 cc. 
of pyridine, the tube is sealed w ith a  cork which previously has 
been dipped in melted paraffin. The tube is im mediately shaken 
once, set aside a t  room tem perature for 48 hours, then opened 
and placed in an Erlenmeyer' flask. F ifty  cubic centimeters of 
water are added and the solution is titra ted  w ith standard  sodium 
hydroxide. N ear the end of the titra tion , flask and contents are 
heated for a few m inutes to ensure complete hydrolysis of the 
excess acetic anhydride and then titra tion  is carried to  the end 
point of phcnolphthalein as shown by persistence of the pink 
color for 1 minute. A blank titra tion  is carried ou t a t  the same 
tim e to  determine the volume of standard  base required to  neu­
tralize the acid derived from 1 gram  of acetic anhydride. Another 
sample is weighed and titra ted  w ith standard  alcoholic sodium 
hydroxide w ith phcnolphthalein as indicator to  determ ine the 
am ount of free acid in the pepperm int oil. The per cent of free 
m enthol is then calculated by the formula

„  , (A  X R  — Bt +  B t)N  X 156.16 X 100 %  free m enthol =  --------------------------- ^ --------------------------

in which
A  — weight in gram s of acetic anhydride used 
R  =  ml. of standard  base required to  neutralize the acid de­

rived from 1 gram  of acetic anhydride 
Bi =  ml. of standard  base required to neutralize the remaining 

acid
B t = ml. of standard  base required to neutralize the free acid of 

th e  sam ple

N  = norm ality of standard  base 
W  =  weight of sample in milligrams

A N A L Y T IC A L  RESULTS

Free menthol was determined on samples of m int oil obtained 
by steam -distillation and refined by petroleum ether extraction.

Table I shows th a t an acetylation period of more than  24 hours 
is necessary and th a t one of 28 to  32 hours is ample for maximum 
values.

A t least 100% in excess of the theoretical am ount of ace ty la t­
ing agent is required (Table II).

The am ount of pyridine used m ay vary within a  rather wide 
range bu t the ratio  of acetic anhydride to pyridine m ust not be 
less th an  5 to 5 (Table II I) .

In  Table IV each value by the Christensen and Pennington 
and the official methods is the average of two determ inations; 
each value by the authors’ m ethod is the average of two or more 
determ inations. R esults by the official method and by the au­
thors’ m ethod are in close agreement, while results by the Chris­
tenson and Pennington method are from 1 to  4%  lower.

F inally the authors’ method was used for the recovery of men­
thol added in varying am ounts to  500 mg. of pepperm int oil con­
taining 50.6% of free menthol. Recovery values shown in 
Table V, from single determinations, are considered satisfactory.

Table 1. Effect of  Variat ions in Length  of A ce ty la t in g  Per iod
Acetylation Period Free M enthol Found0

Hours %
4 4 4 .7
8 46 .3

12 46 .3
16 4 7 .9
20 4 8 .0
24 4 7 .9
28 5 0 .0
32 50 .0
36 49.1
40 49 .5
44 50.1
48 49 .4

° Each value from a single determination.

Table II. Effect of Var iat ions in A m o u n t  of A c e ty la t in g  A g e n t  Used
Acetic Anhydride Used,

% of Theoretical Free M enthol
Requirement Found, %

106 3 8 .9
158 4 7 .8
169 4 7 .9
203 4 9 .8
230 50.1
252 50.1
287 4 9 .5

Table III. Effect of  V ary ing  A c e t i c  A n h y d r id e -P y r id in e  Ratio
(A cetylating period 48 hours, room temperature, and at least 100%

excess acetic anhydride)
Acetic A nhydride- Free Menthol

Pyridine Ratio Found, %
W ithout pyridine 11.5

5:1 51 .2
5:2 50.1
5:3 5 1 .0
5:4 51.4
5:5 51.1
5 :7 .5 50.1
5:10 49 .9
5:15 49 .1
5:20 4 8 .8
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Table IV. Results b y  Different Procedures
Christensen and Official or Power

Pennington and Kleber Authors
%. of Average % of Average % of Average

Sample menthol deviation menthol deviation menthol deviation
A . 5 2 .0  0 .3 54 .0 0 .2 53.9  0 .1
B 52 .6  0 .1 53.2 0 .5 54 .2  0 .2
F 51 .4  0 .2 52.2 0 .3 52 .4  0 .2
G 51 .4  0 .4 53.1 0 .4 53 .3  0.1
7 51 .2  0 .2 52 .8 0.6 52 .7  0 .2
7A 52.1 0 .7 54 .7 0 . 1 5 4 .S 0.1
D7 53 .1  0 .2 56 .0 0.6 56.1 0 .0
D7A 5 4 .0  0 .8 58.0 0.2 57 .6  0.1
82 5 1 .0  0.1 51 .9 0 .4 51 .2  0 .0

Table V .  R ecovery  of M e n tho l
Menthol Menthol Actually Menthol
Added Present Found Recovery

M0. Mo. Mo. %
60 .7 318.7 318.7 100.0
50 .7 303.7 304.3 100.2

106.1 363.1 361.5 99.8
102.3 350.3 347.2 99.1
151.6 366.6 363.3 99.1
146.8 375. S 374 .6 99.7
184.4 388.4 383.7 98.8
193.0 402 .0 395.7 98 .5

S U M M A R Y

From  the standpoint of tim e requirem ent and reproducibility 
of results, a  very satisfactory procedure has been developed for 
the determ ination of free menthol in pepperm int oil. I t  is based 
upon the utilization of a m ixture of acetic anhydride and pyridine. 
The necessary acétylation period is somewhat longer for menthol 
than  is required by the microprocedure with the same mixture 
for other alcohols unaccompanied by such a mixture of compounds 
as th a t which characterizes pepperm int oil. The requirement for 
acetic anhydride is a t least 100% in excess of the theoretical

amount. Since the menthol content of pepperm int oil varies 
with the several factors pertaining to production and tim e of 
harvesting, it is necessary to  add a substantial excess of this re­
agent. The am ount of pyridine used m ay vary within a ra ther 
wide range, b u t the ratio  of acetic anhydride to  pyridine m ust 
not be greater than 1 to  1. A wider ratio  necessitates a longer 
acétylation period. For pepperm int oils containing free acid, 
the values thus obtained should be corrected.

From this series of experiments it  is clear th a t the Power and 
Kleber, or official, method for free menthol in pepperm int oil is 
capable of yielding very satisfactory results, if the  details of 
m anipulation as given in the U. S. Pharm acopoeia are closely 
followed. The method devised by the authors, however, involv­
ing the use of acetic anhydride and pyridine as acetylating agents, 
is both more economical of reagents and substantially less tim e- 
consuming per sample, particularly when a  fairly large num ber of 
samples of oil are involved. Samples set aside for acétylation re­
quire no attention  during the acétylation period. D uplicate re­
sults determined by the authors’ method check more closely than 
those by the official method.
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A ccelerated  Aging Test for Insecticidal A eroso ls  
Containing D D T

LYLE D. G O O D H U E  a n d  W . R. B A L L IN G E R  

U .S .  D epartment of Agriculture ,  Bureau of E n tom ology  and Plant Q u a ra n t in e ,  Beltsville, M d .

The Introduction of DDT in to  the  llquefied-gas aerosol has created 
the prob lem  of stabilizing the  aerosol  solution and  preventing corro­
sion of  the  container .  The ease with which hydrochloric  acid is 
liberated from DDT in the  p re sen c e  of some iron salts has made 
necessary the  d e v e lo p m e n t  of  an acce le ra ted  aging test  for studying 
the effect of the  different aerosol  constituents on this react ion. A  
simple pressure test tu b e  an d  a m e thod  of  running a test  are described .  
The rate of  d e com pos i t ion  varies greatly, d e p e n d in g  mostly on the 
solvents used. Certain com binations have b e e n  d e v e lo p e d  which 
appear to  b e  satisfactory.

TH E  first insecticidal aerosol {2) used by our armed forces 
consisted of a solution of pyrethrum  and sesame oil in di- 

chlorodifluoromethane (Freon-12). This aerosol was very effec­
tive against mosquitoes, bu t the addition of D D T  was found to 
increase its toxicity to flies and other insects (4). The incorpora­
tion of D D T  in the aerosol presents several problems, including 
corrosion of the iron container and formation of tarry  materials by 
decomposition of some of the aerosol constituents.

D D T tends to liberate hydrochloric acid in  the presence of some 
metals and their salts (1). Ferric chloride is a particularly good 
catalyst when the D D T  is dissolved in some solvents, bu t in 
others very little  action takes place. The solvent combination 
for the D D T  aerosol solution is therefore very im portant. Since 
D D T is only slightly soluble in Frcon-12, some cosolvent m ust be

used to  keep even as little  as 3%  in solution. The choice of a 
cosolvent m ust take into consideration its effect on the decomposi­
tion of D D T  in an iron aerosol bomb. In  order to  study some of 
these effects an  accelerated aging test was developed. The 
method of making the tes t and some results are reported in this 
paper.

A P P A R A T U S

A simple pressure tes t tube  was devised for these tests. A 
heavy' glass tube was fitted to  a tire valve as shown in Figure 1. 
The construction is described as follows: The frame, 1, was cut 
from Vi-inch brass pipe and threaded on the  inside of each end 
w ith 3/a-inch pipe threads. A standard  3/»-inch brass pipe plug, 
2, was drilled, and a  tire-valve stem , 3, was soldered in  place, 
about 0.6 cm. (0.25 inch) of the stem  extending through the plug. 
This extension passed through the neoprene washer, 4, and pre­
vented the flow of the rubber, which was under pressure, from 
closing the hole. The glass test tube, 5, was made from tubing 
having an inside diam eter of 10 mm. and  an outside diam eter of 
15 mm., and was 15 cm. (6 inches) long. I t  was sealed a t  one 
end, cut a t  right angles and fire-polished a t  the other end, and 
then annealed. The last step  is very im portant. A calibration 
m ark was etched on w ith a  small grinding tool a t  a  point where the 
tube would contain 10 grams of solution. T he tes t tube was held 
in place against the w asher by another 3/s-mch brass pipe plug,
G. A 0.47-cm. (3/nrinch) depression was turned in  the plug to 
accommodate a  leather washer, 7, as a  pad to  protect the glass. 
The tes t strip , 8, was usually iron. I ts  size was 7.5 X 0.6 X 0.04 
cm. (3 by 0.25 by ’/si inch), affording twice the surface per un it 
volume of solution occurring in a 0.45-kg. (1-pound) aerosol bomb.
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Different types of valve cores were 
used. Those having neoprene gaskots 
and valve seats were best. A special 
typo having a stiff spring, such as is used 
in  the hydraulic system  on airplanes, 
gave the least leakage. An ordinary 
valve cap was used as an added precau­
tion.

TESTIN G  P R O C E D U R E

All the apparatus m ust be carefully 
cleaned to  eliminate the possibility of 
catalysts th a t might cause decomposi­
tion of D D T. M oisture, hydrochloric 
acid, or iron salts of any kind m ust be 
avoided.

The glass tubes were cleaned in a  hot 
nitric and sulfuric acid bath, rinsed a t  
least 15 times w ith tap  and distilled 
w ater, and dried a t  110° C. The 
neoprene washers were boiled in  dis­
tilled water, washed w ith pure acetone, 
and dried a t  60° C. The valve stems 
were cleaned w ith chloroform and pure 
acetone and dried a t  110° C. T he valve 
cores were washed quickly in chloroform 
and then in  acetone and dried a t  60 ° C.

M ost of the nonvolatile m aterials 
tested were dried in a vacuum  while
being heated to  60° C. for a t  least 30 m inutes, and la ter were 
stored in 'a  vacuum desiccator. Some were used as received to 
study  the effect of undried m aterials. Freon-12 was always used 
as received.

T he iron tes t strips were of the same m aterial used for the 
m anufacture of the aerosol bombs. They were kep t under light 
oil, b u t some corrosion occurred and had to  be removed. The 
method of cleaning the m etal strips affected the results of the tests. 
Wire brushing, acid treatm ents, or tum bling w ith sand was not 
satisfactory. A pparently certain catalysts were introduced which 
give erratic results. F ine emery cloth was found to  be th e  best 
m aterial for cleaning. T he m ethod was slow, bu t uniform results 
wore obtained.

All the nonvolatile m aterials were weighed in to  the clean test 
tubes, the m etal strip  was added, and the apparatus was as­
sembled. M oderate pressure of the glass tube on the neoprene 
washer prevented appreciable leakage of Freon for more than  2 
m onths. T he Freon was introduced up to  the m ark  all a t  once

Table I. C om pos i t ion  of Basic Formulas Tested
Per Cent by W eight in Following Formulas

Figure 1. Pressure 
Test Tube for Testing 

DDT A ero so ls

1 2 3 4 5 6 7 8 9  10 11 12
Constituent

Insecticides
Pyrethrum extract

D D T
Lethane3
Thanite*

Synergists 
Sesame oil 
Synergist 312c

Solvents
M ethylene chloride
APS-202d
Cyclohexanone
Lubricating oil (No. 30)
Acetone
Isophorone
VelsicoN

Inhibitors
Dioleyl malate 
Degras fa tty  acids 
Propylene oxide

Liquefied gases 
Freon-12*
M ethyl chloride

5 5
12

30

35 . .

0 .0 3

8 12

0 .0 3

85 S3 85 85 90 SO 85 . .  60 85 -  88 -
............................................5 0 ............................

83

** fi-Butoxy-6 '-thioeyanodiethyl ether, 
s Bornyl and fenchyl thiocyanoacetates mixture.
e 3-H exyl-5-piperonyl-2-cyclohexen-l-one and 6-carboethoxy-3-hexyl-5- 

piperonyl-2-cyclohexen-l-one mixture.
d A lkylated naphthalenes from petroleum.
* Dicnlorodifiuoromethane.

from a warm supply to  obtain a  pressure head. This procedure 
trapped  some air, so th a t conditions were sim ilar to  those in an 
aerosol bomb, and eliminated condensed m oisture th a t m ight be 
carried into the apparatus. The tubes were then  placed in an 
oven a t  60° C. They were examined a t  intervals for corrosion or 
changes in the system.

T he formulas of the aerosol solutions used for these tests are 
presented in Table I.

RESU LTS

A t first all tests were term inated a t  the end of one m onth 
T he strips of m etal were washed w ith hexane, dried, and weighed. 
Hexane was used because it  does not remove the tars th a t are 
often formed. However, the gain in weight which is a  combina­
tion of the corrosion products and polymerized m aterials which 
often occur simultaneously did no t appear to  be a  good criterion 
of stability. L ater the tests were continued until corrosion or ta r  
form ation started. The tim e interval was used as the basis of 
comparison, and i t  is on this information th a t the following sta te­
m ents are based.

The combination tested m ost frequently (No. 1) contains 
pyrethrum  extract, D D T , cyclohexanone, and lubricating oil dis­
solved in Freon-12. The stab ility  of the solution depends first on 
the method of m anufacturing the pyrethrum  extract. Four kinds 
of pyrethrum  ex tract were tried in th is formula, and it  was learned 
th a t the extracts having the m ost naturally  occurring inhibitors 
are best. Various types of lubricating oils also had a  considerable 
effect. Aromatic base oils seemed to be the best, and some of the 
oils tested  m ay have contained inhibitors. Three grades of D D T  
were used in combination 1. A purified grade of D D T  is gen­
erally better th an  a  technical grade; some technical grades are 
be tter th an  others. Cyclohexanone appears to  reduce the stabil­
ity  of the mixture. Only freshly distilled anhydrous m aterial can 
be used and th is is variable. T his m ixture usually breaks down in 
less than  one m onth a t  60° C.

The thiocyanate insecticides (Nos. 3 and 4) are no t so stable as 
pyrethrum  extracts in a  D D T  aerosol solution. T he m ixture of 
pyre thrum  and sesame oil (No. 5) w ithout D D T  is stable over 
very  long periods, and has never caused corrosion of iron nor ta r  
form ation. Synergist 312 (No. 6) has shown poor stab ility  in  two 
tests, causing ta r  form ation in 26 days.

A combination such as No. 12 can be handled m ost easily, and 
gives very good results in  these tests. I t  contains pyrethrum  ex­
trac t, D D T , and an  arom atic petroleum fraction in Freon-12. 
Various proportions have been tested  and none has broken down 
before 50 days, while some have run  more th an  100 days. This 
arom atic petroleum cosolvent, a  by-product in  the  m anufacture 
of high-octane gasoline, consists m ostly of polymers of alkylated 
naphthalenes and anthracenes, b u t the exact composition is not 
known.

Two tests w ith isophorone (No. 7) show th a t  i t  forms a fairly 
stable solution, causing ta r  form ation in  52 days. Acetone (No. 
8) in  combination w ith  D D T  in m ethyl chloride causes definite 
corrosion of iron, b u t no tar. M ethylene chloride (No. 9) is a 
very good diluent for Freon-12 (3) and a good cosolvent to  keep 
D D T  in  solution, b u t is no t so stable in th e  aerosol m ixture as 
would be desired. T he period before decomposition was 44 days.

Propylene oxide (No. 2) is both an  excellent solvent for D D T  
and a stabilizer. I ts  ability  to  accept nascent hydrochloric acid 

N appears to  stabilize the D D T  aerosol solution. No corrosion nor 
ta r  formation has occurred in  tests running as long as 150 days. 
The combination (No. 2) of the arom atic petroleum  fraction and 
propylene oxide appears to  give the m ost stable D D T  aerosol 
solution. Propylene oxide has th e  disadvantage of being highly 
flammable and slightly toxic, so th a t considerably m ore care m ust 
be used in m anufacturing the aerosol bom b. I t  is no t flammable 
when mixed w ith Freon in the proportions needed.

Dioleyl m alate (No. 10) appears to  give added stab ility  to  the 
solution in  some cases. Degras fa tty  acids (No. 11) give no pro­
tection.

Freon-12 appears to  give a  more stable solution th an  m ethyl 
chloride. N o t m any tests have been m ade on m ethyl chloride, 
since i t  is no t used in the m ilitary  aerosol bomb.
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Determination of Traces of A cety lene in Liquid O xygen  

in Rectifying Columns
H . P. M c K O O N  A N D  H E N R Y  D. EDDY, Stuart O x y g e n  Co., San Francisco, Calif.

A  modified  m e thod  for de term ining very small amounts of ace ty len e  
in l iquid o x y g e n  from air-rectifying columns is p resen ted .  A s  
a c e ty len e  is d angerous  in these  columns an d  will sometimes e x p lo d e  
v io len t ly ,  studies were m ade  of the a c e ty le n e  con ten t  when (1)  
d ifferent lubricat ing oils are used ,  (2)  calcium carb ide  is stored near 
an o x y g e n  p lan t ,  (3 )  l iquid o x y g e n  is per iod ica lly  d ra ined from the 
columns an d  d iscarded ,  (4 )  the  air intake location is changed ,  and
(5)  an a c e ty le n e  p lan t  is loca ted  in close proximity to an air-reduc- 
tion plant.

T  IS generally believed th a t explosions in the pure oxygen pot
of rectifying columns producing oxygen from liquid a ir are 

a ttribu tab le  to  acetylene. Acetylene m ay be present in the crude 
air or m ay be formed from the breakdown of the lubricating oil in 
the air compressor. As oxygen boils a t  —183° C. and acetylene 
freezes a t  —81° C., nearly all the acetylene entering the column 
will remain there.

However, i t  is distinctly possible th a t other hydrocarbon ma­
terials can produce explosions in rectifying columns, because 
practically all hydrocarbon m aterials will bum  with oxygen and 
m any will explode w ith liquid oxygen. Some detonator is re­
quired to  set the explosion off, although acetylene and other ma­
terials m ay detonate spontaneously. All this goes to  show the 
great danger in th e  presence and accum ulation of hydrocarbon 
materials in liquid oxygen condensers.

From the standpoint of safe operation, a  method for determin­
ing traces of acetylene in  liquid oxygen was needed. Since many 
oxygen p lants do no t have a  trained chemist available for ana­
lytical work, i t  was desirable th a t the method developed be one 
which could be used by p lant operators.

L IT ER A T U R E  R EV IEW

Practically nothing on the subject has been published in this 
country, although m any Russian papers deal with th is work, and 
some German articles and several English papers have been re­
ported.

Pollitzer (4) sta tes th a t about 80%  of the acetylene in the air 
will remain in the apparatus. He cites as an example tha t, in a 
plant making 100 cubic m eters of oxygen per hour, using air th a t 
contains 5 parts  per million of acetylene, about 1 kg. of acetylene 
will enter the apparatus in the course of 14 days and about 0.S kg. 
will remain. T he exact quan tity  of acetylene needed to  produce 
an explosion is no t accurately known. A few grams suffice, 
under certain conditions, to produce a strong local explosion.

Burbo (I) discusses the dangerous deposition of solid acetylene 
in the condensers of the oxygen column. He gives the vapor pres­
sure of solid acetylene as from 89° to  105° Kelvin. If all oxygen 
is continuously evaporated from the main condenser, a  maximum 
of 0.184 cc. of acetylene is evaporated per cubic m eter of oxygen, 
corresponding to  a  maximum concentration of 0.037 p.p.m. of 
acetylene in the incoming air, in excess of which solid acetylene 
will accumulate.

Coulson-Smith and Seyfang (2) describe a colorimetric method 
based on the color of copper acetylide in colloidal solution (Ilos- 
vay’s solution). A series of mixtures of air and acetylene was pre­
pared and 100 ml. of each were passed through ammoniacal cu­
prous chloride solutions. T he resulting cuprous acetylide solu­
tions were then m atched by running measured amounts of a 
standard iron solution into a  5%  potassium thiocyanate solution. 
One of the present autnors checked these results, using a water 
solution of acetylene m ade from carbide, purifying i t  to  remove 
phosphine and hydrogen sulfide, and passing the gas through dis­
tilled water. T he acetylene content was determined by adding 10 
Tul. of 0.01 N  silver n itra te , filtering off the silver acetylide, and

back-titrating  the remaining silver n itra te  w ith 0.01 N  potassium 
thiocyanate. The value obtained was 0.14 ml. of acetylene per 
ml. of water. Next, various am ounts of the acetylene w ater were 
run into ammoniacal cuprous chloride solution (described below) 
and the color was obtained by the iron solution and potassium 
thiosulfate of Coulson-Smith and Seyfang. Excellent checks 
were obtained (see Table I).

W hen determining acetylene in liquid oxygen, the gasified 
oxygen cannot be bubbled directly through the Ilosvay solution 
(ammoniacal cuprous chloride), since i t  will oxidize the colorless 
cuprous solution to  a  blue cupnc compound and hence will inter­
fere with the color comparison. Obviously the sample of liquid 
oxygen m ust first be gasified and the acetylene frozen out.

Oks (3) describes a condenser for such a purpose. He also used 
a large copper funnel of 5000-ml. capacity, tapering down to a 
neck of 500-mi. capacity. The sample of liquid oxygen -was 
boiled down to 500 ml. A stopper was then inserted in the neck, 
w ater poured in to make an  ice seal, and the balance of the gasi­
fied oxygen run through the condenser.

The authors have modified the methods of Coulson-Smith and 
Seyfang and of Oks (the best Russian work), for the determ ination 
of acetylene in liquid oxygen.

E X P E R IM E N T A L  W O R K

Work of Coulson-Smith and Seyfang (2) was checked (Table I ) .
The authors used the iron solution as a standard  in their first 

tests, bu t calibrated a Com ing glass filter No. 348 (Table II) for a 
perm anent standard. T he solution used was prepared as follows:

C u p r o u s  C h l o r id e . Twelve grams of cuprous chloride were 
dissolved in 300 ml. of distilled w ater and 135 ml. of concentrated 
ammonium hydroxide were added, and then stirred. The solu­
tion was transferred to  a  bottle in which some copper wire had 
been placed.

H y d r o x y l a m in e  H y d r o c h l o r id e  S o l u t io n . Seventy grams 
of hydroxylamine hydrochloride were dissolved in 300 ml. of 
warm w ater and placed in a stoppered bottle.

S t a r c h  S o l u t io n . Soluble starch  (2.5 grams) was mixed in 5 
ml. of cold w ater poured into 300 ml. of boiling water. This was 
boiled for 2 minutes, cooled, and diluted to  500 ml.

To 20 ml. of the cuprous chloride were added 30 ml. of hydrox­
ylamine hydrochloride and 20 ml. of starch solution. This was 
placed in a 100-ml. Nessler tube and 30 ml. of distilled w ater were 
added, followed by the acetylene water. The starch  was used in 
order to  keep the cuprous acetylide precipitate in  a colloidal sta te  
for easier color comparison. ,

A nother method of determ ining the acetylene is to  bubble the 
gasified sample through an ammoniacal silver n itra te  solution, 
filter the silver acetylide precipitate off, dissolve i t  in n itric  acid, 
and titra te  the silver w ith potassium thiocyanate. Oks (3) shows 
th a t the results obtained by this method are abou t five times as 
low as those obtained w ith th e  ammoniacal cuprous chloride 
solution.

The authors decided th a t  th e  ammoniacal cuprous chloride 
method was the better one for their purpose.

Table I. Determination of A c e t y l e n e
Ferric Alum Equivalent

Ferrio
CtHi Content of Water

CiHi to M atch Color Coulsen-Smith
Water (0.35-MI. Blank) Alum and Seyfang E ddy

M l. M l. M l. M l. M l.
0 . 1 0 .5 0 0 .1 5 0 .015 0.014
0 .2 0 .6 2 0 .2 7 0.027 0 .028
0 .3 0 .74 0 .3 9 0.039 0 .042
0 .4 0 .87 0 .5 2 0.052 0.056
0 .5 1 .05 0 .7 0 0 .070 0 .070
0.6 1 . 2 2 0 .87 0.087 0.084
0 .7 1.37 1 .0 2 0 . 10 2 0.098
0.8 1 .50 1 .15 0.115 0 . 1 1 2
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Figure 1. A p p ara tu s  for A c e t y l e n e  Test

A .
B .
C .
D .

Erlenmeyer flask 
Pyrex beaker 
Pyrex thermos bottles 
O ks condensers

E. Double ring stand
F . Buret clamps
G . Milligan absorption bulb
H . Pinchclamp

The funnel described by Oks (3) was found too cumbersome in 
use. The ice plug blew out on the tria l runs, thus making a better 
arrangem ent desirable.

Finally; an  Erlenm eyer flask was placed in a 100-mi; beaker and 
packed w ith rock wool. The sample of liquid oxygen was placed 
in the flask, stoppered w ith a two-hole rubber stopper, and the 
gasified oxygen passed through two of the Oks condensers, which 
were immersed in liquid oxygen (see Figure 1 for details of this 
equipm ent). A 250-ml. Erlenm eyer flask was used when testing 
samples above 0.7 p.p.m. A larger sam ple was taken when 
dealing w ith lower concentrations.

After all the oxygen had vaporized (evidenced by melting of the 
frost on the rubber tubing), the first condenser was lifted ou t of 
its cooling liquid and examined for recondensed oxygen. Oxygen 
recondehsus if the condensers are inserted too far into the liquid 
oxygen. If any was present, it was slowly vaporized off by lifting 
the condenser ou t of the liquid, b u t w ithout removing the vacuum 
flask, since evaporation would then  be too fast and the acetylene 
would be carried off. This was repeated for the second conden­
ser.

Next the absorption bulb, filled w ith 150 ml. of Ilosvay solu­
tion, was connected to  the last condenser; the vacuum  flasks 
were removed, and a  nitrogen supply was connected to  the 
Erlenm eyer flask a t  low pressure. The pinchclamp was removed 
and nitrogen was bubbled through for a  half hour.

When the first p a rt of the gas was passed through, the solution 
turned blue owing to the oxygen present, bu t th is soon disap­
peared as the excess hydroxylamine hydrochloride reduced it  to 
the colorless form. A pink to red color was im parted to the 
solution by the acetylene, depending upon the am ount present.

The absorption bulb was removed and the color compared w ith 
the com parator p a rt of the colorimeter. A 100-ml. tube of dis­
tilled w ater was placed over the glass to sim ulate the conditions 
of the unknown. The glass was calibrated by means of the 
ferric alum solution. Since only 100 ml. of the 150 ml. of solution 
from the absorber were used, when 100 ml. of solution m atched 
the glass filter, the ferric alum  equivalent of the whole solution 
would be 150/100 of 0.94 or 1.43 ml., equivalent to 0.143 ml. of 
acetylene. Since 250 ml. of liquid oxygen are equal to  200,000 
ml. of gaseous oxygen, the acetylene content on the gas basis 
would be 0.7 p.p.m.

Because the depth of color of cuprous acetylide solutions bears 
a  linear relationship to the concentration of acetylene, a  deeply 
colored solution could have been halved or quartered and made 
up to the original volume and the acetylene multiplied by 2 or 4.

Oks (5) uses only one condenser for his work. H e claims com­
plete freezing out of the acetylene while m aintaining a  tem per­
a tu re  of —160° C. inside th e  condenser. The authors found th a t 
a  sample showed 2.0 p.p.m . of acetylene w ith one condenser, and 
3.3 p.p.m . w ith tw o condensers. Another sample showed 2.1 
p.p.m . of acetylene w ith two condensers and only 2.5 p.p.m . with 
four condensers. T he authors concluded th a t two condensers 
would be sufficient for all practical purposes. T h a t no t all the 
acetylene is frozen ou t is due to  the vapor pressure of the acetyl­
ene even a t  extremely low tem peratures. In  addition, the Oks 
condensers require stopcocks; these are not necessary in the au ­
thors’ technique.

W eaver (S) states th a t small am ounts of carbon dioxide 
did no t affect the colorimetric determ ination of acetylene, 
bu t larger am ounts had the same effect as the introduc­
tion of a  strong electrolyte into the solution. The color 
of the colloid produced by acetylene carried over in a 
stream  of pure carbon dioxide was too brown to  perm it 
any accurate comparison.

A brown scum frequently appeared on the top  of the 
solution in the absorber, b u t was never strong enough 
to ruin the test. A pparently th is was due to  carbon 
dioxide which would freeze ou t w ith the acetylene.

Itiese (5) states th a t  th e  stab ility  of Ilosvay’s 
solution is lim ited, and recommends th a t  the work 
always be done w ith freshly prepared solutions. By 
m aking up the three components of the Ilosvay solution 
separately and mixing only when ready for use, as the 
authors have done, there is always a  fresh solution 
available.

Ricse further notes th a t  addition of more amm onia is no t to  
be recommended, since excess amm onia causes the color of the 
colloid to  become more orange in addition to  increasing the sensi­
tiv ity  of the solution tow ard oxygen.

After the authors had used the above m ethod in  their labora- 
to ry  for some time, they  supplied the operators in various plants 
w ith the equipm ent shown in Figures 1 and 2, as well as suitable 
graduates, beakers, and reagent bottles. Since all oxygen plants 
do n o t have suitable balances for weighing the solid chemicals, 
the cuprous chloride was weighed ou t in 12-gram packages 
wrapped in paper, and kep t in a wide-mouthed bottle. The hy­
droxylamine hydrochloride was also repackaged into small bo t­
tles, so th a t each bottle was ju s t sufficient for one batch of solu­
tion.

A set of instructions for using the equipm ent and making the 
te s t was drawn up and explained to  th e  operators and two or 
three tests were run through w ith those expected to  continue m ak­
ing the tests. They found no difficulty in running the tests as 
efficiently as an  experienced chemist would have done. D uring 
the past year, the authors have been running tests on seven dif­
ferent columns a t three different locations and have studied the 
effects of various factors. The results of tests are summarized 
below.

E f f e c t  o f  D i f f e r e n t  B r a n d s  o f  L u b r ic a t in g  O i l s . Com­
parative tests were run, using three different grades of lubricating 
oil in compressors; a noticeable difference was found in  the 
am ount of acetylene accum ulated in the column w ith the different 
brands of oil.

E f f e c t  o f  C a r b id e  S t o r a g e  i n  A ir  P l a n t s . A t the time th a t 
daily tests on columns were being run, a broken drum  of carbide

Table II.

Unknown
M l.
100
90
SO
70
60

Calibration of N o .  3 4 8  Corning Filter
(250-cc. sample of liquid oxygen)

C2H 1 Unknown CaHa 
P .p .m . M l. P .p .m .
0 .7 0  50 1.41  
0 .7 8  40 1.76  
0 .8 8  30 2 .35  
1.00  20 3 .5 4  
1 .25 10 7 .1 0

Table 111. Effect of Carbide  Sp i l led  near Plant
CjHi by Volume

D ate (1944) Column 1 Column 2
P .p .m . P .p .m .

1/24 0 .2 5 0 .3 5
1/26 0 .7 5 1 . 1 0
1/27» 2 .6 0 2.00
1/28 1.50 2 . 1 0
1/31 0 .9 0 1.30
2 / 1 0 .6 0 1 .2 0

a Carbide spilled on platform previous night.



was returned by a customer and left on the loading platform over­
night. Some of i t  was spilled on the platform and during the 
night i t  rained. Tests on the columns the following day showed 
its presence, as evidenced by T able I I I . Column i showed the 
largest increase in these tests, as its air intake was closest to the 
rising acetylene over the dome of the roof.

E ffe c t  of D r a in in g  L iq u id  Ox y g e n . Strizhevskil (7) states 
th a t no m ethod for the safe application of the rectifying apparatus 
has been found. One m ethod for preventing explosions consists 
in removal of the liquid from the condenser in which considerable 
am ounts of acetylene accum ulate. For th is purpose, i t  is neces­
sary to  conduct system atic analyses of the liquid oxygen in the 
condenser for the presence of acetylene.

Previous to  the acetylene testing the authors had been draining 
and discarding 1 quart of liquid oxygen every 2 hours in the belief 
t h a t this would reduce the acetylene accumulation in the columns. 
As daily tests on two 100-meter columns a t  the same p lan t gave 
practically the same results, draining column 2 was discontinued 
while draining column 1 was continued. The results are tabu­
lated in Table IV.

I t  was concluded th a t draining liquid periodically from the 
main kettle had no effect on the accumulation of acetylene in 
these columns.

E ffe c t  of M o v in g  A ir  I n t a k e . One column ran  much 
liigher in acetylene content than  the other columns. I ts  air in­
take was in a  considerably less advantageous position than the 
others, in th a t i t  was lower and more vulnerable to strange ground 
currents. Raising the intake obviated th is difficulty to a great 
extent. The average acetylene concentration for the 6 days prior 
to raising the air intake was 0.8 p.p.m., and for the 9 days after 
raising the a ir intake was 0.2 p.p.m.

E ff e c t  of A c e t y l e n e  P l a n t  in  t h e  N eigh borhoo d . Tests 
were made on an oxygen p lan t located near an acetylene p lant 
which operates in term ittently . On days when the acetylene 
plant was in operation, the tests were noticeably higher than
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Table IV. Effect of Draining Liquid
Column 1 Column 2

Days run Days run
since de­ Test since de­ Test

Date (1944) frosting CiHj frosting CjH*
P .p.m P.p . in.

2/10 19 1 .8 1 2 .5
2 / 1 1 20 0 .7 2 0 .4
2/12 21 0.2 3 0.0
2/14 1 5 0 .4
2 /15 2 0 .5 0 0 .5
2/10 3 1 .0 7 1 . 0
2/17 4 1 .0 8 0 .7
2 /18 5 0 .5 9 0 .5
2/19 0 0 .5 10 0 .5
2/21 8 0 .5 12 0 .5
2/22 9 0.0 13 0 .5
2 /23 10 0 .3 14 0 .3
2 /25 12 0 .7 10 0 .7
2/20 17 0.0
2/27 i4 0.2 18 0 .7
2 /28 15 0 .7 19 0 .7
2 /29 1 G 0 .7 20 0.0

Table V .  Effect of A c e t y l e n e  Plant O p e ra t in g  in N e ig h b o rh o o d
D ays Run since

Date (1944) Time Defrosting . C jH j. p . p .m

3 /8 11:00 a.m. 3 2 .65
3 /8 2 :00  p .m. 3 0.87*'
3 /8 4 :20  p .m. 3 0 .70"
3 /9 0 :00  a.m. 4 3 .40
3 /9 10:35 a.m. 4 1.30"
3 /9 12:15 p .m. 4 0 .70"
3 /9 2 :30  p .m. 4 0 .70"
3 /10 8 :00  a .m. 5 2.74
3 /10 11:00 a.m. 5 1.25
3 /10 2 :00  p .m. 5 0.98*

3/11 8 :00  a .m. 0 5.85*
3/11 11:00 a. m. 0 1.35
3/11 12:00 m. 0 1.05"
3/11 2:00  p .m. 0 0.75"
3/11 0 :00  p .m. 0 0.70"
3/11 8 :0 0  p .m. 0 0 .73"
3/11 11:50 p .m. 0 0 .95"

3/12 8 :00  a.m. 7 0.70"
3/12 10:00 a .m. 7 0.70"
3/12 2 :00  p .m. 7 0.70"
3/12 0 :00  p .m. 7 0 .70"
3/12 8 :3 0  p .m. 7 0.70"
3/12 11:40 p .m. 7 0 .60"
3/13 10:35 a .m. 8 1.12*
3/13 12:45 p .m. S 0.94
3/13 3 :0 0  p .m. 8 0 .90
3/14 2 :00  a.m. 9 0.88"
3/14 7 :00  a.m. 9 0 .75"
3/14 9 :00  a .m. 9 0 .70"

" Acetylene plant not operating.
* Liquid drawn every 2 hours between these two tests. 
c Strong wind blowing away from air intake.

when it was shut down. The prevailing winds blow from the air 
p lan t to the acetylene p lan t and would tend to blow the acetylene 
away from the plant. There was considerable correlation be­
tween wind velocity and the am ount of acetylene in the oxygen 
wiien the acetylene p lant was operating. Extrem ely high con­
centrations of acetylene were not found a t  any time and, although 
the column ran  continuously, i t  would clean itself ou t when the 
acetylene p lant was idle.

This self-cleaning of columns is referred to  by Burbo (1) and 
was also noted in the case of the carbide being spilled on the 
loading platform.

Table V gives sample date from this location. Even when the 
acetylene p lan t was operating all day, the first test was invari­
ably higher than  the following ones. To check w hether or not 
th is was due to  the drawing off of liquid, a  p in t of liquid was 
drawn off every 2 hours between the last tes t of M arch 10 and 
the first te s t of M arch 11. This test was the highest of any re­
ported. Therefore, i t  is apparen t th a t the draining of liquid does 
more harm  than good.

One explanation for gradual decline of the tests during the day, 
while the acetylene p lan t is operating, is th a t the prevailing winds 
rise during the day and m ay blow the acetylene away from the 
oxygen intake.

C O N C L U S IO N S

This method involves the use of a glass filter as a  perm anent 
color standard. I t  has been simplified to  a point where analyses 
can be made by nontechnically trained operators. This m ethod is,
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under any circumstances, accurate enough to  give good compari­
sons; tes ts  run  on seven different columns a t  three different loca­
tions have indicated changes which have led to  safer operating 
conditions.

For more exact work where the absolute value of acetylene is 
desired, th e  rubber stoppers and tubing m ay be replaced with 
glass and cold filters as described by Shepherd (6) used.
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Determination of Cuprous Chloride
LEWIS F. H A T C H  a n d  REEDUS R A Y  ESTES1 

D epar tm ent  of Chemistry , University of Texas, A u s t in ,  Texas

DU R IN G  recent hydrolysis studies (5) i t  became necessary 
to determine accurately the purity  of solid cuprous chloride 

and the cuprous chloride content of dilute solutions. As direct 
titration  of cuprous chloride did no t give satisfactory results, the 
indirect method of the A m e r ic a n  C h e m ic a l  S o c ie t y  Committee 
on Analytical Reagents (1) was tried. This method lacked both 
the precision and accuracy required for the analysis of samples of 
essentially pure solid cuprous chloride. T his paper calls a tten ­
tion to the defects of the A.C.S. method and proposes analytical 
procedures which are more satisfactory for both solid cuprous 
chloride and its  dilute solutions.

E X P E R IM E N T A L

R e a g e n t s . Merck reagent grade cuprous chloride was 
carefully purified by the usual m ethods (6). D eterm ination of 
chloride ion (by the Volhard method) and of to ta l copper by 
electrodeposition (after conversion to  cupric sulfate) indicated 
a composition of 99.8% cuprous chloride and 0.2%  cupric 
chloride. T he dry  cuprous chloride was placed in sm all glass- 
stoppered vials and stored in a  desiccator over magnesium per­
chlorate. Cuprous chloride thus prepared and stored showed 
no change in composition over a  period of several months.

All other chemicals used were of reagent grade.

A.C.S. M e t h o d . Following is the m ethod which is approved 
by the A.C.S. Committee on Analytical Reagents (1) for the 
determ ination of cuprous chloride in a solid sample:

Dissolve 0.5 gram in the cold in 25 ml. of ferric ammonium 
sulfate solution, made by dissolving 10 grams of ferric am­
monium sulfate in 100 ml. of dilute hydrocliloric acid (1 +  1), 
add 5 ml. of phosphoric acid, dilute w ith 200 ml. of w ater, and 
titra te  w ith perm anganate, correcting for blank on reagents.

Careful application of this m ethod consistently gave, low 
values and poor precision when the sample was essentially 100% 
cuprous chloride. The degree of error is related to the sample 
size (Table I).

On the basis of the oxidation-reduction potentials involved, it  
is expected th a t complete oxidation of cuprous copper will occur, 
if a  slight excess of ferric iron is present (4). Actually, the deter­
m ination of cuprous chloride by this method is the same as a 
determ ination of the equivalent am ount of ferrous iron in the 
presence of the excess ferric iron added and an am ount of cupric 
chloride equivalent to  the cuprous chloride of the sample. Fac­
tors which would influence the titra tion  are cupric ion, chloride 
ion, and ferric ion concentration and the nature of the acid me­
dium and of the oxidizing agents.

A study of some of these factors was m ade by the titra tion  
with 0.1 A  potassium perm anganate of 25-ml. samples of a 
standard  solution of ferrous chloride in 1 +  1 hydrochloric acid, 
in the presence, of added cupric chloride and ferric ammonium 
sulfate as indicated in Table II . Two hundred milliliters of 
w ater and 5 ml. of phosphoric acid were used as in the A.C.S. 
procedure. The added am ounts of cupric chloride are the 
oxidation equivalents of the recorded am ounts of cuprous chlo­
ride. The indicated am ounts of cupric chloride and of ferric 
alum were added by measuring appropriate volumes of their 
standard  solutions. T he am ount of ferrous chloride found by 
titra tion , in  the absence of added cupric chloride or ferric alum, 
is taken as 100% to simplify comparison.

U s e  o f  O x id iz in g  A g e n t s  O t h e r  t h a n  P o t a s s iu m  P e r ­
m a n g a n a t e . A comparison of the effect of th e  presence of 
cupric chloride on the titra tion  of ferrous chloride using oxidizing 
agents other th an  potassium perm anganate was made. T he da ta  
in Table I I I  were obtained by the titra tion  of 25-ml. samples of a 
1% sulfuric acid solution of ferrous ammonium sulfate by the 
indicated oxidizing agents, using standard  procedures.

T he effect of th e  acid used to  dissolve the ferric ammonium 
sulfate when cuprous chloride is analyzed was also determined. 
A comparison of the different acids and of the three oxidizing 
agents used is given in Tablo IV  (analytical m ethods are given 
below under Recommendations).

To determine the effect of dissolved oxygen, on the determ ina­
tion  of cuprous chloride the ferric amm onium sulfate solution 
used was made “oxygen-free” as follows:

More than  the required am ount of distilled w ater was boiled 
for 30 m inutes and cooled quickly while being sw ept by carbon 
dioxide. P a rt of th is w ater was poured into a volum etric flask 
which had been sw ept w ith carbon dioxide, and the correct 
am ounts of hydrochloric acid and of ferric ammonium sulfate 
were added. Carbon dioxide was bubbled through un til solution 
was complete and w ater had been added to  give th e  correct 
to ta l volume. The use of 25 ml. of th is  “oxygen-free” N  hydro­
chloric acid solution of ferric amm onium sulfate followed by

Table  I. Effect of  Sam ple  Size in A n a ly s is  of  Cuprous Chlor ide
(Actual %  CuCl -  99.8)

W eight of Sample Cuprous Chloride Found Precision
G ram  %  *  %

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

1 Present address, Armour Laboratories, Chicago, 111.



Apparatus for Fiash-Distillation of Butadiene
A .  P. H O B B S  A N D  M . R. RE C TO R , The D o w  Chemical C o m p an y ,  M id la n d ,  M ic h .

A n  apparatus for the flash-distillation of  b u tad ien e  is d escr ibed  and 
a diagram shown. Its efficiency has b e e n  de te rm in ed  with the  aid of 
th e  Dorel l  weathering-test apparatus. Substantially c o m p le te  re ­
moval of  bu tad ien e  d im er  is accom plished  without ap p rec iab le  loss 
of  Cg hydrocarbons.

IN  T H E  analysis of butadiene, tho determ ination of Ci hy­
drocarbons by a  Dorell (Dov,'-Cottrell) weathering tester (2) 

gives high percentages if butadiene dimer is present. Prelim inary 
to  the determ ination i t  is usually necessary to  carry ou t a  flash- 
distillation of the sample to  remove dimer (vinyl cyclohexene) 
and high-boiling m aterial. Previous methods of doing th is have 
been defective in failing to give a complete removal 
of dim er w ithout loss of the Os’s  which should 
rem ain in th e  volatile fractions. To remedy this 
difficulty, the apparatus described below has been 
developed.

sample to be flash-distilled is introduced into the cooled, evacu­
ated  ampoule. A trap  is connected to  C, evacuated, and closed 
off a t  A . Cup H  is filled w ith a dry ice bath  and an excess of 
dry ice is m aintained in the cup throughout the distillation. The 
trap  is opened into the ampoule, the bath  is removed from around 
it, and the trap  is placed therein. Caution should be used to  keep 
ou t all air or noncondensable gases a t  dry ice bath  tem perature. 
M aterial th a t does no t condense will prevent the distillation of 
the butadiene, since the distillation is carried ou t in  a  closed 
system. The dry ice bath  in the cup m aintains a reflux of bu ta­
diene separatingthe dim er and high-boiling m aterial from th ebu ta - 
diene and Cs’s. I f  the cork is no t in the tube, a heavier reflux is 
caused, requiring a  longer tim e for distillation; w ith the cork in 
place about an hour is required. W hen the ampoule has come to 
room tem perature, the trap  is closed a t  B  and  the sample is ready

A P P A R A T U S

The apparatus (Figure 1) consists of the follow­
ing parts: F  is an ampoule forming the kettle of 
the apparatus. A neck, 0  (15 cm. long), connects 
the kettle  w ith cup D, having an inner cup, H. 
F rom  H  a  closed tube, T, extends through the 
neck and ju s t into the kettle. A cork, E, is 
inserted in  the closed tube to  keep m aterials 
placed in  the cup from entering the tube. C is 
a side arm  through which the apparatus is filled and 
emptied. The apparatus is m ade of Pyrex to lessen 
the danger of breakage by sudden changes of 
tem perature.

O P E R A T IO N

The ampoule is evacuated through C, closed 
off, and th e  apparatus cooled in a d ry  ice bath  
(dry ice in a m ixture of chloroform and car­
bon tetrachloride, 50-50 by weight, 1). The

1
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Figure
D o m e ,

2.  Titration Flask and 
Showing A r ra n g e m e n t  of 
G ro u n d -G las s  Join ts

equal to  1 ml. of K arl 
Fischer reagent, and (2) 
the num ber of milligrams 
of w ater in each m illiliter 
of alcohol used in the 
back-titrations.

The sample of sirup is 
treated  exactly like the 
w ater used in the stand­
ardization of the solu­
tions. T h ree  to  five 
coarse drops, depending 
on the water content, arc 
carefu lly  w eighed ou t 
and added to 20 to 25 ml. 
of the K arl Fischer re­
agent, and immediately 
back-titrated w ith the 
standard  methanol. A 
sample series of deter­
m inations is shown in 
Tables I  and II.

An exam ination  of 
th e  d a ta  shows th a t  
the milligrams of w ater 
fo u n d  c h e c k  w ith  
th e  ca lcu la ted  values 
obtained by means of a 
Bausch & Lomb preci­
sion sugar refractom eter
and  tables corresponding to each particular sugar, within the 
limits found by other workers. Reporting of w ater content 
in term s of milligrams found and calculated introduces a 
fallacious, high precision. Differences of 2 mg. are commonly 
reported in the literature, bu t, expressed in per cent, agree­
m en t between known and found am ounts of w ater is not ideal, 
as is revealed by comparing the per cent w ater found, column 7, 
w ith  the observed values, column S. The per cent discrep­
ancy is obviously correlated w ith the to ta l am ount of w ater 
th a t  is present.

While close agreem ent between refractom etric determinations 
and K arl Fischer titra tions of chemically pure sugar solutions 
can be expected, this is no t so in those cases where soluble im­
purities are present, or the m aterial is a m ixture of sugars of un­
known proportions. F or routine work, certainly, the K arl Fischer 
titra tions give satisfactory results under those conditions where 
the refractom eter is no t applicable. I t ,  however, does not have 
the precision and accuracy of an acid-base titration.

The recent work of Aepli and M cC arter (I) indicates th a t the 
change in the w ater equivalence of the K arl Fischer reagent with 
tim e is a  highly im portan t m atter. A fresh solution rapidly 
falls off in strength, and these authors show th a t  a solution 22 
hours after preparation had a  value of 1 ml. 5.3 mg. of water,
whereas 18 hours la ter i t  had fallen to  4.6. This represents a 
14% change, so th a t even during a working day there is a likeli­
hood of a  significant change. There is no way of telling ju s t how 
tem peram ental a given solution m ay be, and hence i t  is best to 
m ake a determ ination of an unknown sample shortly before or 
after the standardizations of the solutions. Frediani (3) advises 
th a t the analyst should age his solution for a week before using it, 
a t  which time, “ if the solution is a good one, a relatively stable 
reagent will be available” .

For critical work, it  m ight be necessary to standardize the K arl 
Fischer reagent before and after each determ ination of a  given 
sample, and to use the average values. Fortunately , the stand­
ard  methanol, if it  is properly protected, does not change appre­
ciably and can be used as a  secondary standard. However, its 
w ater content should be redeterm ined every day.

The K arl Fischer method, when used w ith sugar solutions con­
taining 20 or more %  water, has certain lim itations and inherent 
sources of error which should be borne in  mind. The solution is 
expensive, and 1 liter of it  is used up by approximately 5 ml. of

water. The reagent has a  ra ther high viscosity, and buret drain­
age therefore becomes a serious factor. To overcome these diffi­
culties, the reagent m ight better be diluted w ith a  m ixture of 
absolute m ethanol-pyridine (3 to 1), so th a t its  w ater equivalence 
is between 2 and 3 mg. per ml. High-grhde pyridine m ust be 
used to assure stability. I t  is obvious th a t a  bu re t read­
ing m ust be a t  least 15 to 20 ml. before calibration errors in  an 
uncalibrated buret, and the drainage and reading errors become 
sufficiently small relative to  the to ta l volume used, no t to  in tro­
duce too large percentage errors. Furtherm ore, the reagent de­
composes on standing and produces an oily film in the buret. 
I t  is therefore convenient to have two K arl Fischer reagent burets 
available, so th a t a clean and dry one is ready a t  the beginning of 
each daj'.

Samples of sugar solutions containing large am ounts of w ater 
force one of three choices: (1) a small sample weighing 60 to 70 
mg., for the sake of economy, (2) a sample two or three times th a t 
am ount in order to  enable more precise weighings, or (3) a large 
sample, diluting w ith absolutely anhydrous m ethanol and taking 
an aliquot. The first choice is not desirable in ordinary work be­
cause it would require calibrated weights, or the use .of a micro­
balance. Choice 3 introduces the problem of preparing, storing, 
and handling an anhydrous hygroscopic liquid.

T he work is being continued w ith commercial sirups and mo­
lasses in an endeavor to determine the relationship between 
vacuum drying of samples and the Karl Fischer titration.

Table II. A n a ly s e s  of Sugar Solutions'1

1
Sugar

2
W eight

3
HaO

Found

4
HaO

Calcd.

5
Differ­

ence

G
HaO

Found

8
-  H ,0 .
7 Refractonv 

Av. et er
Gram Mg. Mg. M g. % % %

Dextrose 0 .1152  
0 .1119  
0.0901  
0.1441

08 .1  
65 .9  
5 3 .8  
80 .1

69 .2
6 7 .3
53 .7
8 5 .8

- 1 . 1  
- 1 . 4  
+  0 . 1  
+  0 .3

59.13
58 .92
59.72
59 .74

59 .03

59 .73

60.11

59.57

Sucrose 0.1941
0 .2030
0 .1845
0 .2172
0 .3020
0.3546
0 .4438
0 .3123
0.3577

07 .0  
71.1*
0 3 .0  
74 .9

107.2
1 2 1 . 8
109.0
7 7 .0  
8 8 .4

07.1
7 0 .4  
0 3 .8
75 .5  

105.0
123.3
107.4
75 .6  
86.0

- 0 . 1  
+  0 .7  
- 0.8  
- 0.6 
+ 2 .2  
- 1 . 5  
+  1 .6  
+  1.4  
+  1 . 8

34 .53
34 .92
34.13
3 4 .4 8
35 .50
34 .35
24 .56
24 .65
24 .73

34 .73

34 .78

24 .65

34 .59

34 .77

24.21

I.cvulose 0.3931
0.3715
0 .3847

7G.5
7 3 .0
7 5 .0

78 .3
7 4 .0
76 .0

- 1 . 8
- 0 . 4
- 1 .6

19.44
19.82
19.51 19.59 19.92

Commercial
invert

0 .2078
0.2419

77 .0
70.1

70 .1
08 .2

+  0 .9  
+  1.9

29.03
2 8 .99 29.01 28 .42

a Representative determinations made on five different days, involving 
com pletely new standardizations each day. Karl Fischer reagents of four­
fold variations in strength are included. However, there is no apparent 
correlation between concentration of reagent and precision..
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Determination of M oisture in Sugar Solutions with the 

Karl Fischer Reagent
F. W .  Z E R B A N ,  N e w  York Sugar Trade L abora to ry ,  N e w  York, N .  Y., A N D  L O U IS  SATTLER, Brooklyn C o l lege ,  Brooklyn,  N .  Y.

A p p ara tu s  and  p rocedure  are descr ibed  for de term ining moisture 
in sugar solutions with the  Karl Fischer reagen t .  Data on rep re ­
sentative analyses are g iven, with comparisons be tw een  refractometric 
determinations and Karl Fischer titrations.

TH E  K arl Fischer reagent has come into wide use for the 
quantita tive determ ination of w ater in a variety  of products. 

In  a recent article, Johnson (4) gives an extensive bibliographj.
This reagent, which is commercially available (2), consists of 

a solution of iodine and sulfur dioxide in a m ixture of anhydrous 
m ethanol and pyridine. I t  is extremely sensitive to atmospheric 
moisture, and consequently titrations with it  m ust be carried out 
in a completely closed system, especially where minute quantities 
of w ater are being determined. Furtherm ore, the necessity for 
stirring th e  reaction m ixture during the titra tion  introduces an 
extra difficulty into the design of a  suitable apparatus.

The equipm ent described below is rugged and overcomes all 
the m anipulative difficulties.

A P P A R A T U S

Two 50-ml. autom atic burets (Scientific Glass A pparatus Co. 
J-740) are so modified th a t the lower ends of the barrels of the 
Fresenius stopcocks are enlarged and formed into the outer parts 
of semiball 18/9 joints (Figure 1). The titration  vessel (Figure 
2) is a  flat-bottom ed extraction flask of 250-ini. capacity provided 
w ith a m outh, which is a male semiball 65/40 joint, and a T 14/35 
side tube through which go the m utually  insulated platinum  
electrodes sealed into a tube with a male T 14/35 joint and con­
nected to the brush posts of the titrim eter. The flask is covered
with a  bell-shaped dome, the lower part of which is a female semi­
ball 05/40 joint. From the top of the dome project two male 
semiball IS /9  joints set a t  sufficiently differing heights to  perm it
free rotation of the buret stopcocks. In addition, the dome is 
provided w ith a  check valve (Scientific Glass A pparatus Co. J- 
4880 B) to  perm it venting of the apparatus whenever liquid is

Figure 1. Glass A s se m b ly  of  Titration A p p ara tu s

Table I. Standardizations of  the  Solutions
Standard Methanol rs. Karl Fisher Reagent 

K .F Reagent Standard Methanol 1 Ml. of Alcohol o  a Ml. of K .F.
M l. 

13.45  
13 .SO 
13.60

M l.
40.70
42.20
41.05

0.3305  
0.3294  
0.3313  

Av. 0 .3304

Titration of Known Weights of Water
Standard
Methanol Ml. of K .F.

K.F. Back- to Standard N et 1 Ml. of K .F. o
Water Reagent Tit ration Methanol K.F. Gram of Water
Gram M l. M l.

0.1020 26.90 3 .5 0 1.16 25.74 0.003963
0.1145 29.75 2.50 0 .S3 28 .92 0.003959
0.1241 31.95 2 .30 0 .7 6 31 .19 0.003979

Av. 0.003967
Water Equivalent of Standard M ethanol 

K.F.
Grain w aler/m l.

M l. M l. methanol
40 .70  o  13.45 X 0.003967 =  0.001311
42 .20  «■ 13.90 X 0.003967 =  0.001307
■11.05 o  13.60 X 0.003967 =  0.001314

Av. 0.001311

being admitted' into the flask from t he burets. The male 18/9 
joints fit into the burets which are provided w ith stopcock plugs 
with tips 16.5 cm. long.

Stirring is accomplished by means of a  piece of iron bolt 2.81 
cm. (1.125 inches) long and 0.47 cm. (3/io inch) in diameter, fitting 
snugly and sealed into a piece of Pyrex tubing, the center of 
which has been blown out into a small bulb. An Alnieo horseshoe 
magnet (Fisher Scientific Co. 12-012), m ounted on a m otor pro­
vided with a rheostat, is placed under the flask.

PRO CED U RE

In  operation, the apparatus is assembled, and a measured 
am ount of K arl Fischer reagent is run into the flask. The stirrer 
is started, and standard methanol is rapidly added from the 
other buret until the solution, which originally had the appear­
ance of tincture of iodine, turns to a  light, reddish brown. The 
methanol is then added slowly, and finally dropwise until the 
end point is reached. W ith the Fisher Scientific Co.’s titrim eter 
employing a polarized platinum -platinum  electrode pair, th is is 
indicated by the closing of the “magic eye” (2). Fresh K arl 
Fischer reagent turns to a  ehromate yellow, b u t an old solution 
remains brownish a t  the end point, making it  more difficult to 
gage visually the final stage of the titra tion . For maximum 
sensitivity, it is im portant th a t the platinum  wires be perfectly 
clean, and it  is advisable to  bathe them  for an hour or two in 
strong, hot dichromate-sulfuric acid cleaning solution.

I t  was found th a t the absolute methanol sold by the Carbide 
and Carbon Chemicals Corporation contains approxim ately 
0.0013 gram of water per milliliter, which makes it  excellently 
suitable to use for back-titrations, because it  is roughly only one 
fourth as strong as the average K arl Fischer reagent. Three or 
four determinations are made in this manner, and the average 
value is expressed as:

1 ml. of standard methanol o  a ml. of K arl Fischer reagent
Next, from a small weight pipet, 2 coarse drops of water, weigh­

ing about 0.1200 gram, are removed, added directly to  25 ml. of 
Karl Fischer reagent in the flask, and im mediately back-titrated 
with the standard methanol. The burets are read to the nearest 
0.01 ml. The weight of the w ater is noted accurately to 0.1 mg. 
A 15-ml. Erlenmeyer flask with T 19/10 outside grind, provided 
with a cover through which is sealed a  medicine dropper, and 
fitted with a small rubber bulb, is recommended for weighing 
out the water, as well as samples of sirup. A minimum of three 
such samples of w ater are weighed out, and back-titrated with 
the standard methanol. From  this information, coupled with the 
alcohol-Karl Fischer reagent equivalence previously determined, 
it  is possible to calculate: (1) the number of milligrams of w ater
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‘Table II. Effect of  Cuprlc Chlor ide an d  Ferric A lu m  on Titration of 
Ferrous Chlor ide b y  Permanganate
CuCl E quivalent Ferric Alum Ferrous Chloride

Run to Added CuCl* Added Found
Gram Gram %

A 0 .00  • 0 .0 100 .0
B 0 .2 5 0.0 9 4 .7
C 0 .2 5 1 .0 9 8 .7
D 0 .5 0 0.0 93 .9
E 0 .5 0 1 . 0 9 8 .7
F 1 .0 0 0 .0 93 .4
G 1 .0 0 1 . 0 9 8 .2

Table III. Effect of Cupric Chlor ide upo n  Titrat ion of  a 1 %  Sulfuric 
A c i d  Solution of  Ferrous A m m o n iu m  Sulfate

CuCl Equivalent 
to Added CuCl* 

Gram
0.00
0 .2 5
0 .5 0

Ferrous Chloride Found
KMnO«

%
100.0
9 6 .9
95 .3

K*Cr*07 
' % 
100.0- 

99 .7  
99 .5

Ce(SOt)*
%

100.0
99 .8
9 9 .8

titra tion  w ith potassium dichrom ate gave 99.5% cuprous chlo­
ride as compared w ith 99.2% of a  sim ilar solution, made in 
contact w ith a ir was used.

D ISCU SSIO N

The poor results obtained in the analysis of 0.5-gram samples 
of cuprous chloride by the A.C.S. method m ay be caused by an 
insufficient am ount of ferric ammonium sulfate solution for the 
oxidation of th e  cuprous copper. From  the specification “25 
ml. of ferric ammonium sulfate solution, made by dissolving 10 
gram s of ferric ammonium sulfate in  100 ml. of dilute hydro­
chloric acid” i t  is assumed th a t the  intention is to  use 2.5 grams 
of ferric ammonium sulfate. This would allow a slight excess of 
oxidizing agent, since 0.5 gram of cuprous chloride is equivalent 
to 2.44 grams of ferric alum . However, the addition of 100 grams 
of ferric ammonium sulfate to  1000 ml. of 1 +  1 hydrochloric 
acid, in a  constant-tem perature bath  a t  30° resulted in 1060 ml. 
of solution, containing only 2.36 grams of ferric ammonium sul­
fate per 25 m l. Thus, p a r t of the cuprous chloride is oxidized by 
ferric iron, p a r t by perm anganate, and an  indefinite am ount by 
atm ospheric and dissolved oxygen (S), the la tte r am ount being 
proportional to tim e and to  the am ount of agitation (£). For 
0.5-gram samples of essentially pure cuprous chloride, the per­
m anganate concentration should be slightly more than  0.1 N , 
since 0.5 gram of cuprous chloride is equivalent to  more than  50 
ml. of 0.1 N  solution. Table I I  indicates th a t the adverse effects 
of cupric ion are partially, b u t no t entirely, offset by the presence 
of the ferric alum.

Comparison of runs A, B, and D  of Table I I  w ith the da ta  in 
Table I I I  indicates th a t the effect of cupric chloride upon the 
perm anganate titra tion  of ferrous iron is lessened by decreased 
chloride ion concentration and th a t the effect of cupric chloride is 
less when potassium dichrom ate or eerie ammonium sulfate is 
used.

R E C O M M E N D A T IO N S

The following three m ethods for the determ ination of the 
cuprous chloride content of solid cuprous chloride have all proved 
superior to  th a t recommended by the A.C.S. Committee on 
A nalytical R eagents:

P ota ssiu m  P e r m a n g a n a t e . Weigh 0 .3  gram of cuprous 
chloride into a  dry 500-ml. Erlenm eyer flask, add 25 ml. of ferric 
ammonium sulfate solution, m ade by dissolving 10 grams of 
ferric ammonium sulfate .in sufficient 3 M  sulfuric acid to  make 
100 ml., and swirl gently un til dissolved. Add 200 ml. of water 
and 5 ml. of phosphoric acid, and titra te  w ith 0.1 i f  perm an-

fanate to  th e  first p ink color which persists for 15 seconds. A 
lank m ust be run on the reagents.

P ota ssiu m  D ich ro m ate . Weigh 0.3 gram of cuprous chloride 
into a  dry 500-ml. Erlenm eyer flask, add 25 ml. of ferric am­
monium sulfate solution, made by dissolving 10 grams b f ferric 
ammonium sulfate in sufficient N  hydrochloric acid to  make

100 ml., and swirl gently until dissolved. Add 300 m i. of a 
solution containing 80 ml. of sulfuric acid and 25 ml. of phos­
phoric acid per liter, add 5 drops of 0 .2%  barium  diphenyl- 
aminesulfonate indicator solution, and ti tra te  w ith 0.1 N  di­
chrom ate to  the first perm anent purplish tinge. A blank m ust 
be run on the reagents.

C e r ic  A m m o n iu m  S u l f a t e . Weigh 0.3 gram of cuprous 
chloride into a dry 500-ml. Erlenm eyer flask, add 25 ml. of ferric 
ammonium sulfate solution, made by dissolving 10 grams of 
ferric ammonium sulfate in sufficient 3 M  sulfuric acid to  make 
100 ml., and swirl gently until dissolved. Add one drop of ferrous- 
phenanthroline indicator solution and titra te  with 0.1 N  ceric 
ammonium sulfate solution (made up in 0.5 M  sulfuric acid 
solution). A blank m ust be run on the reagents.

For determ ination oT the cuprous copper content of dilute solu­
tions the following procedure is recommended:

P ipet 25 ml. of the cuprous copper solution into 25 ml. of 
ferric ammonium sulfate solution, m ade by dissolving 33 grams 
of ferric ammonium sulfate in sufficient 3 M  sulfuric acid to  
m ake 1000 ml. Add 250 ml. of w ater and 1 drop of ferrous- 
phenanthroline complex indicator solution, and titra te  with 
0.1 N  ceric ammonium sulfate solution (made up in 0.5 M  sul­
furic acid). A blank m ust be run  on the reagents.

This quan tity  of ferric iron is sufficient for solutions containing 
up to 0.6%  cuprous chloride.

For applications which do no t require the highest accuracy, 
the dichromate procedure for solid cuprous chloride is suggested. 
(For analysis of dilute solutions, a  modification similar to th a t 
given for ceric ammonium sulfate m ay be used.) T he N  hydro­
chloric acid solution of ferric alum has the advantage of dissolv­
ing the cuprous chloride in only a few seconds.

Table IV . Effect of  A c i d  U sed  in Ferric A m m o n iu m  Sulfate Solution
Cuprous Chloride Found

Ferric Alum Solvent0 KMnO< KîCrsOî Cé(SOi)*
% % %

N  HC1 99 .4 99 .26 99 .6
6 N  HCi 98 .9 9 8 .7 99 .2
0.5 M  HîSO< 99 .3 99 .2 99 .6
3 M  HsSO« 9 9 .7 9 9 .4 9 9 .8 e

° Solutions prepared in contact with air. 
& Oxygen-free value *= 99.5.
0 Purity by electrodeposition ■» 99.8.

The stability  and transparency of its  solutions, its ease of 
standardization, and the high precision resulting from its  use w ith 
the suggested indicator recommended potassium  dichromate, in­
stead of potassium  perm anganate, for general use as an oxidizing 
agent in cuprous chloride analysis. For the highest accuracy 
and dependability, the procedures using ceric ammonium sulfate 
should be employed, w ith oxygen-free solutions of ferric am ­
monium sulfate. W hatever the procedure, the chloride ion con­
centration should be kep t low and an  excess of ferric iron m ust be 
assured. I t  is recommended th a t the am ount of ferric iron used 
be a t  least 1.5 tim es th e  theoretical. T he precision then be­
comes th a t which is atta ined  in the determ ination of ferrous iron 
using th e  same oxidizing agent. The accuracy to  be expected of 
a particular procedure m ay be estim ated from T able IV.

A C K N O W L E D G M E N T

The authors would like to  thank  Gordon Sutherland for his 
help in p a rt of the experimental work.

L IT ER A T U R E  CITED

(1) A m . C h e m . Soc. Committee on Analytical Reagents, I n d . E n g .
C h e m ., A n a l . Ed., 2, 351 (1930).

(2) Birnbaum and Edmonds, Ibid., 12, 155 (1940).
(3) Filson and Walton, J. Phys. Chem., 36, 740 (1932).
(4) Glasstone, “Introduction to Electrochemistry” , pp. 278-84,

New York, D. Van Nostrand Co., 1942.
(5) H atch and Estes, J . Am. Chem. Soc., 67, 1730 (1945).
(6) Henderson and Fernolius, “Inorganic Preparations", p. 24,

New York, McGraw-Hill Book Co.. 1935.

•!P
to;

OT
qo
i d

3P
in
I!
si

I S

10
!A

!)
•V
H
IS



February, 1946 A N A L Y T I C A L  E D I T I O N 141

Table I. Temperature Readings

Residual Volume Temperature
Temperature

Différence
M l. ° C. ° C.

10 .0 - 4 . 5
9 .0 - 4 . 7
8.0 - 4 . 7 0 .0
7 .0 - 4 . 7 0.0
6.0 - 4 . 7 0.0
5 .0 - 4 . 7 0.0
4 .0 - 4 . 7  . 0.0
3 .0 - 4 . 7 0.0
2 .5 - 4 . 7 0.0
2 .0 - 4 . 6 0 . 1
1.5 - 4 . 6 0 . 1
1 . 0 - 4 . 6 0 . 1
0.8 - 4 . 6 0 . 1
0.0 - 4 . 6 0 . 1
0 .4 - 4 . 6 0 . 1
0 .2 — 4 .5 0.2
0 . 1 - 4 . 5 0.2

Pump s tops - 4 . 4 0 .3
Dry point - 4 . 3 0 .4

for Cb determ ination or any o ther determ ination requiring a 
flash-distilled sample.

D ISCU SSIO N

In  order to  tes t the efficiency of the apparatus, butadiene 
samples have been subm itted to  flash-distillation and then ana­
lyzed in the Dorell w eathering-test apparatus. For the deter­
m ination of Cb hydrocarbons, 40 ml. of distilled sample are placed 
in the boiler of the Dorell and 30 ml. are allowed to “weather 
aw ay” before the heat is turned on and tem perature readings 
are taken. These readings are taken a t  10.0, 9.0, 8.0, 7.0, 6.0. 
5.0, 4.0 3.0, 2.5, 2.0, 1.5, 1.0, 0.8, 0.6, 0.4, 0.2, and 0.1 ml., and 
when the pum p stops and the boiler becomes dry. A typical 
record is given in Table I.

The differences starting  a t  8.0 ml. between the initial and suc­
ceeding tem peratures observed are plotted. This curve is com­
pared w ith curves obtained by plotting the tem perature differ­
ences of butadiene using known amounts of isopentane run in 
the same way. Tem perature readings a t 10.0 and 9.0 ml. are 
disregarded because the therm om eter is still in the liquid phase- 
only and will no t give a true  boiling point.

Figure 2 (upper) shows the curves produced by center-cut 
butadiene w ith varying am ounts of butadiene dim er added. 
Curve F  is made by plotting tem perature differences of center- 
cut butadiene. I t  gives almost a  straigh t line, as would be ex­
pected. There are significant differences between the curves 
obtained with varying amounts of dimer.

Figure 2 (center) shows butadiene w ith different am ounts of 
isopentane. In  Figure 2 (lower) are plotted curves obtained w ith 
the following mixtures:

A . Butadiene w ith 0.25% dimer and 0.25% isopentane, not
flash-distilled.

B. Butadiene with 0.25% dimer, no t flash-distilled.
C. Butadiene with 0.25% isopentane, not flash-distilled.
D. Curve after flash-distillation of A .
E. Curve after flash-distillation of B.
F. Curve after flash-distillation of C.
G. Curve of center-cut butadiene.

Curve D shows the alm ost complete removal of dim er and the 
retention of C6’s w ith the butadiene. Curve E  is representative 
of the removal of dimer w ith no C5’s present. The am ount of 
dimer left after flash-distillation w ith this apparatus expressed 
as C b’s would be approximately 0.05%  which is very small. 
Curve F  shows the effect of the flash-distillation on Cb’s.

Although the flash-distillation apparatus described was de­
signed specifically for removing dimer and other high-boiling 
materials from butadiene containing C b’s , it  is believed to  offer 
possibilities for other separations. Reflux ratios m ight be 
changed by the use of different cooling media or by allowing tube 
T  to  be filled w ith coolant.
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Simple Hydrostatic Gravitometer
For Rapid  Determination of the Specif ic  G ra v ity  of L iq u id s

W I L L IA M  S E A M A N  a n d  J .  J .  H U G O N E T  

Calco Chemical Division,  A m er ican  Cyanamid C om pany ,  Bound Brook, N .  J.

A n  apparatus is d escr ibed  for the rapid, precise  determination of 
the specific gravity of se lec ted  liquids. Its use is based  upon the 
principle  that the  change  in height  of two columns of  liquids exposed  
to  the same change  in vacuum (or pressure) is inversely proport ional  
to  the  specific  gravity. W h e n  o n e  liquid is of  known specific 
gravity, the  specific gravity of  the other  may b e  calculated. The 
apparatus is' s imple, easily constructed, and  inexpensive,  and is 
particularly suitable  for determining the specific gravity of a large 
number of  similar samples in control testing.  The standard deviation 
of a single value from the  value ob ta ined  b y  pycnom eter  Is ± 1 . 4  X  
1 0 -4 specific gravity unit. The sp e e d  with which the determination 
may b e  m ade  makes it practical to  Improve this agreem ent b y  cal­
culating the average  of  a num ber  of  determinations on a single sample.

IT  IS a well-known principle of hydrostatics th a t the heights to 
which two columns of liquids of different specific gravities will 

rise when exposed to the same vacuum are inversely proportional 
to their specific gravities. This principle has been applied to the 
measurement of specific gravities.

Ciochina (1) described an apparatus for th is purpose which 
consisted of two U-tubes placed side by side, with a millimeter 
scale between two of the arm s—one from each U-tube—and with

those arm s joined. By means of a system of stopcocks w ater is 
placed in one U-tube and the sample in the other. The levels are 
read on the millimeter scale, pressure or vacuum  is applied 
through the joined arms, and the levels are read again. From  the 
change in  levels and the known specific gravity  of th e  standard  
liquid (water), the specific gravity  of the liquid to  be measured 
m ay be calculated by a simple inverse proportion. Accuracy to 
within a  few units in the fourth decimal place was reported, bu t 
the authors were not able to  confirm this. Some of the difficulty 
m ay have been caused by the stopcocks which are p art of this 
apparatus. Another disadvantage of this apparatus is th a t i t  is 
necessary (according to  Ciochina) to use a vernier in  order to  get 
the precision reported.

Another apparatus based on the same hydrostatic principle has 
been proposed by Davidson and co-workers (2, S). The liquid 
under examination iS placed in a Z-tube, so th a t its height ¡8 
fixed, and the standard  liquid is placed in an L-tube manometer. 
By proper graduation of a  scale fixed to  the L-tube, the specific 
gravity of the liquid in the Z-tube m ay be read. A precision ̂ of 
from 0.1 to 0.2%  is claimed (in other words the specific gravities 
are readable only to  the th ird  decimal place). T his apparatus is 
constructed for use w ith small volumes of liquid.

Frivold (5 ) described an  apparatus, which was claimed to  be 
precise to  ±  10-7, b u t i t  is too complicated for rapid routine use.

This paper describes an apparatus which is based on the same 
hydrostatic principle as those ju s t mentioned, b u t has certain ad-
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vantages over them. The apparatus m ay be 
constructed in a short tim e from simple 
equipm ent found in m ost laboratories.
There are no essential stopcocks which can 
get out of order, and it  gives specific gravi­
ties which are comparable in  accuracy to 
those obtained by a pycnometer under 
ordinary conditions of control work. The 
apparatus is most suitable for rapid con­
trol work where specific gravities m ust be 
determined for a large number of samples 
of selected liquids of similar composition.
Accurate values should be obtainable by 
workers of insufficient skill to be trusted 
with pycnometers, W estphal balances, or 
high precision hydrometers. Although no 
work was done w ith samples of limited 
volume, an extension of the method to  such 
samples is conceivable.

A P P A R A T U S

T he apparatus (Figure 1) consists of 
two 150-cm. (5-foot) lengths of glass tub ­
ing of as nearly equal inside diam eter as 
can be found (both 3- and 6-mm. inside 
diam eter tubings have been used), fixed on 
either side of a m eter rule, joined a t  the top 
to a Y-tubc by tightly  fitting rubber con­
nections, and bent, as shown, a t  the bottom .
The Y'-tube is a ttached to a source of vacuum 
which can be regulated or released by means 
of a  screw clamp and a stopcock attached 
to a rubber tube. Both the upper and the Figure 1
lower 10 cm. of the glass tubing and the 
m eter .rule m ust be left unobstructed in 
order to enable readings to  be made. The lon er ends of the ap­
paratus dip into 50- or 100-ml. beakers chosen to  be as nearly 
alike as possible in diam eter. One beaker is for the sample, the 
o ther for the standard  liquid. The apparatus m ust be kept 
scrupulously clean and m ust be placed where there are no drafts 
or sudden changes in tem perature.

P R O C E D U R E

One side of the apparatus is rinsed w ith the liquid to be ex­
amined and the other side w ith the standard  liquid. The stand­
ard liquid is preferably of similar composition to  the sample; 
in fact, it  m ay under some circumstances very well be p a rt of an 
actual batch of the type of liquid to  be controlled whose specific 
gravity  has been carefully determ ined by pycnom eter or W est­
phal balance. The beakers arc filled to about two th irds of their 
capacity w ith their respective liquids, keeping the final level well 
below the flare of the beaker. The tubes are immersed to within 
about 1 cm. of the bottom s of the beakers. By a  gradual applica­
tion of vacuum the liquid columns are raised nearly to  the top of 
the scale, the stopcock is closed, and readings are m ade of the po­
sitions of the two menisci (estim ating to the smallest possible 
fraction of a  millimeter). The two readings should be made as 
close together in time as possible, so th a t there will be no changes 
in the positions of the menisci while the readings are being made. 
Subsequent changes are of no effect. T he vacuum  is then re­
leased slowly, to allow for drainage as the columns drop, and when 
the menisci are a t  about 5 cm., the stopcock is again closed and 
readings are repeated.

F or extremely volatile liquids w ith which a vacuum  m ight be 
undesirable, pressure could be used, by having the sample and 
standard  in closed flasks attached to a common source of pressure. 
T he changes in  technique th a t m ight be required should be ob­
vious. This modification m ight also be desirable for very hygro­
scopic liquids, in which case it would be possible to  protect the 
liquids against access of atm ospheric moisture by drying tubes.

C A L C U L A T IO N S

G e n e r a l  M e th o d . Let hsa an d  list eq u al th e  readings for 
sam p le liq u id  an d  stan d ard  liqu id , resp ectiv e ly , a t  th e  top  o f th e  
co lu m ns, in  cm .

h'sa a n d  h'sl = th e  corresponding read ings a t  th e  b o tto m  o f the  
co lu m ns, in  cm .

Ssl — the specific gravity  of the standard  a t t / t '

Ssa  uncorrcctcd =  the specific gravity  of the sample a t t / t '
list — h'st =  A  and hsa — h'sa = B  

Then Ssa  uncorrcctcd =  Ssl A /B  (1)
To Ssa  uncorrccted there m ust be added or subtracted  a  small 

"asym m etry correction” for the apparatus, which is discussed be­
low.

A ppr o x im a t e  M e th o d . For m any purposes a less exact bu t 
more rapid method of calculation m ay be used. By this method

Ssa  uncorrected =  Ssl +0.01 (A —B) (2)
This method of calculation, although merely au  approximation, 

will give values which are fairly close to the true value, provided 
the term  (A — B ) is small and provided 100 Sst is no t much dif­
ferent from B.

The correct increm ent to be added to Ssl to  obtain Ssa  m ay be 
calculated from E quation 1 in term s of A — B  and B  (rather than 
by calculating Ssa  from the ratio  A /B )  by substitu ting  for A /B  
the equivalent term  1 +  (A — B /B ) .  (The la tte r is obtained 
from A /B  by adding B  — B  to  the num erator.) E quation 1 then 
becomes
Ssa  uncorrcctcd =  Sst [1 +  A — B /B )  1 =  Ssl +  Sst (A — B /B )

Ssa  uncorrected — Sst = Sst (A — B /B ) (3)

Table I gives a comparison of the values of the increments cal­
culated for benzene (Sst — 0.88) by means of both E quations 3 
and 2. From th is it m ay be seen th a t under appropriate condi­
tions even the approxim ate method of calculation loads to  only 
small errors.

N om ographs. Nomographs m ay be constructed to avoid most 
of the calculations, b u t in order to  get readings to  the fourth deci­
mal place, the nomographs would have to  be restricted to narrow  
specific gravity ranges.

Table I. Comparison of  Increments  Ca lcula ted  b y  Exact and  
A p p ro x im a te  M e th o d s

Increment to Be Added to Ssta
Assumed Value Exact calculation Approximate calcu­
A - B B by Equation 3 lation by Equation 2
Cm. Cm.
0 .5 0 88 0 .0050 0.Ó050
0 .5 0 92 0 .0048 0 .0050
0 .5 0 84 0 .0052 0 .0050
0 .3 0 88 0 .0030 0 .0030
0 .3 0 92 0.0029 0 .0030
0 .3 0 84 0.0031 0 .0030
0 . 1 0 88 0.0010 0.0010
0 . 1 0 92 0.0010 0 .0010
0 . 1 0 84 • 0.0010 0 .0010

a When A  — B  is positive, the exact or the approximate increment will 
be positive; when A — H is negative, they will be negative.

By
pyc­

Sample nom­
No. eter

Benzene
1
2
3
4
5
6

Toluene
1 0.8707
2 0.8707
3 0 .8705
4 0.870S
5 0 .8706
6 0.8708

Xylene
1 0.8678
2 0.8677
3 0:S6S7
4 0.8686

Table II. Specific Gravity  Determ inat ions

Specific Gravity, 15.5° C ./15 .5° C.

By hydrostatic method

0.8835 , 0 .8835 , 0 .8835 , 0 .8834 , Av. 0 .8835  
0.8822 , 0 .8S23, 0 .8823 , 0 .8822 , Av. 0 .8823  
0. 8S23, 0 .8822 , 0 . 8S23, 0 .8824 , Av. 0 .8823  
0.8837 , 0 .S835, 0 .8836 , 0 .8836 , Av. 0 .8836  
0.8825 , 0 .8824 , 0 .8825 , 0 . 8S24, Av. 0 .8825  
0.8823 , 0 .8S22, 0 .8823 , 0 .8823 , Av. 0 .8823

0 . S 708 ,0 .8709 , 0 .8 7 0 8 ,0 .8 7 1 0 , Av. 0 .8709  
0 . 970S, 0 .8708 , 0 .8 7 0 8 ,0 .8 7 1 0 . Av. 0 .8709  
0 .8706 , 0 .8705 , 0 .8706 , 0 .8705 , Av. 0 .8706  
0 .8708 , 0 . S70S, 0 ,8709 , 0 .8710 , Av. 0 .8709  
0.8706 , 0. S707, 0 .8709 , 0 .8708 , Av. 0 .8708  
0 . S708, 0 .8708 ,0 ..8708 , 0 .8 708 , Av. 0 .8708

0.8677 , 0 .8 6 7 8 ,0 .8 0 7 7 , 0 .8676 , Av. 0 .8677  
0.8675 , 0 .8676, 0 .8673 , 0 .8674 , Av. 0 .8675  
0.8687 , 0 . 8688, 0 . 80SS, 0 .8080 , Av. 0 .8087

Hydro­
static  

Average 
Minus 

Pycnom ­
eter Value 

X 10‘

+2 
+ 2 
+  1 
+ 1 
+  2 

0

-1  
- 2  

0 
-  1
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Table III. Specific Gravity  Determinations

Sample
1. m- and p-cresola

2 . m- and p-crcsols and 
xylenol intermediate

3. o-, m -, and p-cresols 
intermediate

4. Phenol, o-cresol inter­
mediate

3. o-Cresol

3. o-t m -, and p-creaote 
intermediate

7. m- and p-cresole

3. Phenol, o-cresol inter­
mediate

Specific 
By pycnometer
1 .0325 .1 .0324  

Av. 1.0325
1.0285 ,1 .0285  

Av. 1.0285  
1.0355 ,1 .0355  

Av. 1.0355  
1 .0626 ,1 .0625  

Av. 1.0626 
1 .0431 ,1 .0430  

Av. 1.0431 
1.0358 ,1 .0357  

Av. 1.0358
1 .0326 .1 .0325

Av. 1.0326  
1 .0605 ,1 .0605  1

Av. 1.0605

Gravity 25°/25° C.
By hydrostatic method

.0324 ,1 .0326 ,1 .0326  
1.0325

.0 285 ,1 .0285 ,1 .0286
1.0285

.0354,1 .0354, 1.0356 
1.0355

. 0627, 1.0627, 1.0627, 1.0626 
1.0627

.0 4 3 1 ,1 .0431 ,1 .0431 , 1.0430 
1.0431

.035 6 ,1 .0 3 5 8 ,1 .0 3 6 0 ,1 .0 3 6 0  
1.0359

.03 2 3 ,1 .0 3 2 5 ,1 .0 3 2 5 ,1 .0 3 2 5  
1.0326 
1.0325

0603 ,1 .0603 ,1 .0603 , 1.0603 
1.0603

Hydrostatic 
Average 
Minus 

Pycnometer 
Average 
X 10«

0

0

-H

0

+  1

liquids in general; each liquid under consideration 
should be tested separately to  see if its specific 
gravity can be determined with the requisite 
accuracy.

In  a series of distillation cuts such as might be 
obtained, for example, in fractionating a m ixture of 
methanol, ethanol, and considerable water, no one 
of these substances will serve satisfactorily as a 
standard for all the cuts. However, a  single stand­
ard m ay be used—for example, m ethanol—in testing 
all the cuts, if a  correction curve is constructed relat­
ing the correction to the specific gravity found.

A C C U R A C Y  A N D  P REC ISIO N

C A L IB R A T IO N  O F  A P P A R A T U S  A N D  A S Y M M E T R Y  C O R R EC TIO N

Differences th a t m ay exist in the bores of the tubes and beak­
ers for the sample and the standard will introduce a  systematic er­
ror which should be determined for the apparatus under the same 
conditions as will actually  apply in use, and with the same type of 
sample. The apparatus is calibrated by placing the same liquid 
on both sides and determining the value A /B ,  considering the 
liquid on th a t side of the apparatus corresponding to A  as the 
standard and th a t on the other side as the sample. The “asym­
m etry” correction to be applied to  Ssa  uncorrected is then Ssa un­
corrected (1.0000 — A /B ) .  If, in actual determinations, the 
sample and the standard  are measured on the same side of the ap­
paratus as corresponds to the side for B  and A , respectively, then 
the sign of the correction as calculated will be valid. The cor­
rection should be reproducible and should affect only the fourth 
decimal place.

RESULTS

Table I I  gives the results of specific gravity determinations of 
benzene, toluene, and xylene by pycnometer and by the hydro­
static method. In  each case a sample of the same substance was 
used as a standard—i.e., benzene, toluene, and xylene were used 
as standards for benzene, toluene, and xylene, respectively. If 
any one of these was used as a  standard for the other, errors in the 
third decimal place were produced.

Table I I I  gives the results of specific gravity determinations of 
a  number of cuts obtained in the distillation of ta r acids, using 
No. 5 as a standard  for Nos. 1 to  4 and No. 2 as a standard for 
Nob. 5 to 8 . These results show th a t it  is possible under appropri­
ate conditions to  use a  standard liquid which is not necessarily 
the same as the sample, as contrasted with the measurements on 
benzene, toluene, and xylene. A ttem pts to use liquids and mix­
tures of somewhat similar specific gravity to  the samples bu t 
otherwise dissimilar, such as mineral oil and water, led to  errors 
up to 2 or more units in the th ird  decimal place. Nitrobenzene 
yielded better values. Similar discrepancies were noted when 
benzene was used as a  standard for toluene and xylene. Such 
properties as the tem perature coefficient of expansion, the vis­
cosity, and the surface tension might be im portant. The last 
two might affect drainage. If the first were different in the sample 
and in the standard, the assumption would not be justified that 
the specific gravity of the sample could be determined a t any tem­
peratures and the answer expressed a t  any other tem peratures 
merely by using the proper value of the specific gravity of the 
standard a t the desired tem peratures.

I t  was found possible to  use the gravitom eter with a viscous 
liquid such as glycerol w ith apparently  similar precision to th a t 
attainable with, for example, water. However, no statem ent can 
be made regarding the applicability of the apparatus to viscous

T he standard deviation from the pycnometer value 
of a  single value obtained by the gravitom eter is 
=*=1.4 X 10-4 specific gravity unit. This figure rep-

__________  resents the range about the pycnometer value
within which about 68% of the determined gravitom­
eter values will lie, and, of course, by taking the 

average of several determinations, which can be done rapidly, 
an  even better value m ay be obtained. The deviation ± 1 .4  X 
10-4 was calculated as described in the following paragraph.

Figure 2 is a  frequency distribution diagram for the m agnitude 
of the deviation between a single value by the gravitom eter and 
the best available value by the pycnometer. By fitting a  normal 
distribution to  the variâtes as given in Figure 2 (4) a  standard 
deviation of' ±  1.46 X 10-4 was calculated. I t  was shown by the 
X 2 test th a t the da ta  of Figure 2 fit satisfactorily a  norm al dis­
tribution w ith a standard  deviation of ±1.46 X 10~4. Since the 
standard deviation includes the errors of both the pycnometer 
and the gravitom eter, and since a standard  deviation for a single 
value by the pycnometer could be calculated as ±0.44 X 10-4 
(from the da ta  of Table I I I) , a standard  deviation of ± 1 .4  X 
10"4 was calculated from these da ta  (by the square root of the dif­
ferences of their squares) as the standard  deviation from the 
pycnometer value of a  single gravitom eter value. By applying 
S tudent’s f test it  was found th a t there was no reason to  suspect a 
bias or constant error between the pycnometer values and the 
gravitom eter values.

As a  measure of precision, a  standard deviation of a  single value 
by the gravitom eter from the average value was calculated (from

- 5 - 4  -3 -2  -I 0  +1 + 2  +3 + 4

DEVIATION (GRAVITOMETER VALUE 

M INUS PYCNO M ETER  VALUE)X I0 4

Figure 2. F requency  Distribution Diagram of Deviations of 
P ycnom ete r  V a lu e s  from G ravitom eter  V a lu e s
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th e  data  of Tables I I  and III) as ± 0 .9  X 10"«. T he fact th a t 
this deviation is smaller than  the above-mentioned deviation of 
±1 .4  X 10“ 4 from the pycnometer value, indicates th a t succes­
sive replicates agree better than  replicates carried out over a 
longer period. Errors m ay be caused if both sides of the appara­
tus are exposed to  different tem peratures as by the action of 
drafts of air, and the poorer precision m ay perhaps be explained 
by the introduction of such variables over a period of time.

A c k n o w l e d g m e n t . Grateful acknowledgment is made to
E. I. Stearns for his assistance in the preparation of the discus­
sion of accuracy and precision.
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Microdetermination of the Saponification Number of 

Fats and O ils

Decigram , Centigram, and M illigram  Procedures

K A L M A N  M A R C A L 1  a n d  W I L L I A M  R I E M A N  III 

School of Chemistry,  Rutgers University, N e w  Brunswick, N .  J.

TH E  literature contains no satisfactory 
method for the microdetermination 

of the saponification number of fats and 
oils. A semimicromcthod was devised 
by Chargaff (2) bu t was applied to  only 
three oils. I t  has been pointed out 
th a t the double-indicator method (3) is 
more easily adaptable to microprocedures 
than  the standard method (1).

A P P A R A T U S

For the decigram procedure, a 10-ml. calibrated buret w ith 
0.05-ml. graduations was used. The tip  was constricted so th a t 
drops of about 0.01 ml. were delivered.

T he buret for the centigram procedure is illustrated in  Figure 1. 
A ground-glass rod, A , 5.2 mm. in  diam eter, fits snugly inside a 
ground-glass tube, B. The upper end of B  is sealed to capillary, 
C, which is ben t twice a t  right angles and constricted a t  the tip  
as indicated. A 25-mm. micrometer, D, the head of which has 
been removed, serves to  measure accurately the  position of the 
piston A . Above the piston is a layer of mercury, E, which 
makes a leakproof seal. Above the m ercury is the 0.5 N  hydro­
chloric acid. Castalloy clamps F  hold the micrometer and glass 
tube rigidly in  fixed positions. The titra tion  vessel, G, is simply 
a  13 X 100 mm. Pyrex tes t tube. A movable arm , H, taken  from 
a Rehberg buret made by Microchemical Service supports the 
titra tio n  vessel. A finely drawn capillary, I ,  adm its a  stream  .of 
air, free from carbon dioxide, into the titra tion  vessel.

The assembly for th e  titra tion  in  th e  milligram procedure was 
essentially the same except th a t a smaller tes t tube (10 X 75 mm.) 
and  ground-glass rod and tube (3.1 mm.) were used.

In  order to  refill these micrometer burets, the tip  is wiped w ith 
Kleenex tissue and immersed in the 0.5 N  hydrochloric acid. 
The m icrom eter spindle is turned down, and the piston is slowly 
pushed down w ith the fingers till it  makes contact w ith the spindle.

A 4 X 3 X 2 mm. platinum  boat was made from foil 0.06 mm. 
thick.

A fluorescent titra tion  illum inator was used for all titrations.

R E A G E N T S

The alcoholic potassium hydroxide was prepared as previously 
described (3).

Alcoholic 0.001 M  bromophenol blue was prepared by dissolv­
ing 65 mg. of the indicator in 1.0 ml. of 0.10 N  sodium hydroxide 
and adding a  m ixture of 60 ml. of purified 95% alcohol and 40 ml. 
of benzene.

T he alcohoi-benzene m ixture consisted of 60 ml. of reagent- 
grade benzene and 40 ml. of purified 95%  alcohol.

M e th o d s  are d esc r ib ed  for d e te r ­
mination of  the  saponification 
number  of fats and  oils with sam­
ples of a b o u t  5 0 0 ,  5 0 ,  an d  5 mg.

Hydrochloric acid, approxim ately 
0.5 N , was standardized w ith pure 
sodium te traborate  decahydrate and used 
in all titrations. The acid used for the  
centigram procedure was standardized 
by weighing accurately 400 to 600 mg. 
of a carefully prepared, approxim ately 
0.5 weight-normal solution of borax in to  
a  13 X 100 mm. Pyrex tes t tube, adding 
one drop of 0.001 M  m ethyl red, and
titra ting  to  the first pink color. T he
results were expressed as m illiequiva- 

leuts of acid per millimeter.
The acid used for th e  milligram procedure was standardized 

analogously. About 10 mg. of pure borax were weighed on a  
microchemical balance and transferred to a 10 X 75 mm. Pyrex 
tes t tube. Four drops of w ater and one drop of 0.00008 M  m ethyl 
red were added before the titra tion .

P R O C ED U R ES

D e c ig r a m  P r o c e d u r e . Weigh accurately about 500 mg. of
sample in to  a  50-ml. Pyrex Erlenm eyer flask. Add about 5 ml.
of the alcoholic potassium hydroxide, and im m ediately connect 
a  reflux condenser, th e  upper end of which is protected by an  
Ascarite tube. Boil gently for 30 minutes. Add 2 drops of 1%  
alcoholic phenolphthalein, and titra te  w ith 0.5 Ar hydrochloric 
acid to  the disappearance of the pink color. Add 3 drops (0.18 
ml.) of aqueous 0.001 M  bromophenol blue and 1 ml. of benzene. 
Continue th e  titra tio n  to a  green color th a t does no t tu rn  blue on 
further agitation.

C e n t ig r a m  P r o c e d u r e . Weigh w ith an accuracy of 0.02 mg. 
about 50 mg. of sample in to  a  tared Pyrex te s t tube, add about 21 
drops (0.5 ml.) of alcoholic potassium hydroxide, and im mediately 
a ttach  an Ascarite tube. Support the tube vertically, so th a t the 
bottom  rests on the flat surface of a  micro drying block which is 
kept a t  145° ± 5 ° .  The tes t tube serves as both reaction vessel 
and reflux condenser. T he saponification is complete in  30 min­
utes. Add 1 drop (0.03 ml.) of 0.2%  alcoholic phenolphthalein. 
Insert the tip  of the microm eter buret (previously wiped w ith 
Kleenex tissue) and the tip  of the air-delivery tube, and support 
the tube in  the titra tion  apparatus (Figure 1). A djust the a ir 
stream  to a ra te  of about 80 bubbles per m inute. Add th e  0.5 N  
hydrochloric acid by carefully turning th e  microm eter spindle 
until the color j ust disappears. Read the m icrom eter a t  th is point.

W ithout removing either capillary from the te s t tube, add 1 
drop (0.06 ml.) of aqueous 0.001 M  bromophenol blue and 7 drops 
(0.12 ml.) of benzene. Decrease the air stream  to  about 50 
bubbles per minute, and continue the titra tion  till th e  solution 
has a milky appearance; then  add 7 more drops of benzene, and  
increase the  air stream  to about 100 bubbles per m inute. Con­
tinue the titra tion  to  a green end point. T he hydrochloric acid
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used between the two end points is equivalent to  the potassium 
hydroxide th a t was required for the saponification.

M illigram  P r o c e d u r e . Weigh the platinum  boat (4  X 3 X 
2 mm.) on a  microchemical balance, then place it  on a clean sur­
face. D ip the  tip  of a finely drawn glass rod into the sample, 
le t  m ost of th e  oil drain off the rod, and touch the center of the 
boat w ith the tip of the rod. T ransfer the boat to  the balance 
pan, and weigh it  again. The sample should be between 3 and 8 
mg. W ith platinum -tipped forceps, place the boat ju s t inside the 
open end of a  horizontally held 10 X 75 mm. Pyrex tes t tube. 
T hen  ti lt  the tes t tube so th a t the boat slides to  the bottom  of the 
tube. If any oil sticks to  J,he side of the tube, the determ ination 
m ust be s ta rted  anew.

L et 2 drops of the alcoholic potassium hydroxide fall directly 
from  the siphon of the storage bottle  in to  the bottom  of this te s t 
tube. Im m ediately connect an  Ascarite tube to the tes t tube. 
T hen  support i t  w ith a  clamp and ring stand  so th a t the bottom  of 
th e  tube rests on the fiat surface of a  micro drying block heated to 
130° ±  5°.

After 30 m inutes, remove the A scarite tube and add 2 drops 
(0.06 ml.) of 0.02%  alcoholic phenolphthalein. Im m ediately in­
se rt the tip  (previously wiped w ith Kleenex tissue) of the microm­
eter buret and the tip  of the air-delivery tube, and support the 
tube in th e  titra tion  apparatus (Figure 1). T ake care th a t the 
boat does no t interfere w ith the delivery of acid from the buret. 
A djust the air stream  to about 60 bubbles per m inute. N ote the 
reading, a, of the m icrom eter before any hydrochloric acid is 
added to  the titra tion  vessel. Now titra te  to  the disappearance 
of the pink color of the phenolphthalein. Rinse the inside of the 
test tube w ith 0.10 to 0.20 ml. of the alcohol-benzene m ixture by 
means of a measuring pipct. If  the pink color reappears, add 
more hydrochloric acid till i t  disappears again. N ote this read­
ing, 6, of the micrometer. Add 2 drops (0.06 ml.) of the alcoholic 
bromophenol blue. Continue the titra tion . Ju s t before the end 
point is reached, rinse the inside of the te s t tube again w ith 0.10 
to  0.20 ml. of the alcohol-benzene mixture. N ote the micrometer 
reading, c, when the green end point is reached.

Contam ination of the alcoholic potassium hydroxide by carbon 
dioxide of the air could no t be avoided in  the milligram procedure, 
although no difficulty was encountered in this respect in the other 
procedures. Therefore a  blank correction m ust be applied in the 
milligram procedure. To run the blank, p u t 2 drops of the alco­

holic potassium hydroxide in to  the Pyrex te s t tube and titra te  it  
as described above, noting the initial m icrom eter reading, x, the 
reading a t the phenolphthalein end point, y, and  the reading a t  
the end point of bromophenol blue, z. Then calculate the saponi­
fication num ber w ith the equation

S  =  [(6 ~  c) -  B{a  -  c) 156.11 F

where S  =  saponification num ber

x  -  y

F  — concentration of hydrochloric acid, milliequivalcnts 
per mm.

W  =  weight of sample, grams 

RESU LTS

The saponification numbers of eleven oils were determined by 
the standard method (I) and by each of the methods described in 
this paper. Each entry in Table I denotes a  single determ ination 
except as indicated in the footnotes. No values were om itted 
except those obtained bofore the methods had been perfected.

D ISCU SSIO N

Excellent results are obtained by the decigram and centigram 
methods, while the milligram method yields very satisfactory re­
sults. In  order to  study the precision of the methods, one oil was 
run  several times by the same method. The mean deviations 
were 0.3, 0.1, and 0.5 un it by the  decigram, centigram, and milli­
gram methods, respectively.

Table I. Comparison of Results b y  V ar io u s  M e th o d s
Saponification Saponification Saponification

No. No. No.
Stand­ Deci­ Centi­ M illi­

ard gram Differ­ gram Differ­ gram Differ­
Oil method method ence method ence method ence

Castor oil 181.5 181.5 0.0 182.0 +  0 .5 182.4 +  0 .9
Cocoa butter 194.6 194.5 - 0 . 1 195.0 + 0 .4 195.4 +  0.8
Coconut oil 258 .6 258.9 +  0 .3 258 .5 - 0 . 1 259.2 + 0 .6
Cod liver oil 188.0 188.6 +  0.6 187.9 - 0 . 1 188.2° +  0 .2
Corn oil 191.6 191.6* 0.0 191.6« 0.0 192.1 +  0 .5
Lard oil 195.5 195.6 +  0 . 1 195.7 +  0 .2 196.2 +  0 .7
Linseed oil 187.0 187.1 +  0 . 1 187.4 +  0 .4 187.4 +  0 .4
N eat’s-foot oil 186.7 186.7 0.0 186.4 - 0 . 3 187.4 +  0 .7
Olive oil 191.5 191.8 +  0 .3 192.0 +  0 .5 190.7 - 0.8
Rapeseed oil 174.3 174.0 - 0 . 3 174.6 + 0 .3 175.2 +  0 .9
Tung oil 194.7 194.5 - 0.2 194.4 - 0 . 3 195.0 +  0 .3

Mean (signs disregarded) ± 0.2 ± 0 .3 ± 0.6

° Mean of 4 determinations. 
Mean of 10 determinations.

The decigram method is more convenient than  the gram 
method chiefly because the sm aller solution cools alm ost instan­
taneously after saponification and reduces the waiting period. 
The centigram procedure is probably a little  more troublesome 
because of the special buret. The milligram procedure is still 
more troublesome and is to  be chosen only when the  quan tity  of 
sample is very limited.

None of these methods is applicable to acetylated oils (S).
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Colorimetric Micromethod for Determination of Antim ony  

in Biological M aterials

W it h  Concom itant Determ ination of Bismuth

EVAN W . McCHESNEy, Research Laborator ies ,  W in th rop  Chemical C o . ,  Inc., Rensselaqr,  N. y.

A  colorimetric m ethod  for the  determination of  an tim ony  in b io log i­
cal materials is p resen ted .  The material is d iges ted  in sulfuric acid 
with the add i t ion  of  nitric ac id or of a mixture of nitric and  perchloric  
acids. The d i lu ted  digest is trea ted  with a solution contain ing  po tas­
sium io d id e  and  ascorbic ac id ;  the color  of the  potassium io d o -  
antimonite  co m p lex  is de te rm ined  in a p h o toe lec tr ic  colorimete r.  
The standard error is a b o u t  2 % ,  an d  the  recoveries of  a d d e d  anti­
mony  are usually within ■*=2%. Q uan t i t ie s  as small as 1 0  micro- 
grams may b e  est imated, b u t  the error here  is som ew hat  larger. Bis­
muth gives the  same color  reaction as ant im ony . H ow ever ,  if it is 
present ,  it may b e  quantitatively d e te rm ined  on the  same digest,  
and b y  subtraction the  am ount of ant im ony  may b e  estimated.

PROGRESS in the experimental study of the organic com­
pounds of antim ony has thus far been limited by the lack 

of a  simple and accurate method for the determ ination of the 
amounts of th a t  elem ent likely to  be found in  the body tissues, 
fluids, and excreta, particularly the urine (S). The m ethod of 
Christiansen (1) is applicable to all types of biological m aterial 
but requires the presence of ra ther large am ounts of antim ony, 
flassan (6) has published a technically involved method which he 
applied to urine only. The rhodamine B m ethod of Fredrick (4) 
is very specific, and accurate, b u t is also technically complicated; 
while it  could undoubtedly be adapted to  biological m aterial, 
the author did not so apply it. Very recently W ebster and Fair- 
hall (<i) have employed the same reagent for the determ ination of 
microquantities of stibine.

An excellent lead for a m ethod has been provided by the work 
of Fauchon {2). He has shown th a t the addition to  solutions of 
SbIIX of a reagent consisting of a solution 10% in bo th  sulfuric acid 
and potassium iodide yields the yellow complex, K SbIt, which 
can be determined colorimetrically. From  these observations 
the present method has been developed.

In  this work it  has been deemed more practicable to  add the 
sulfuric acid and the potassium iodide separately rather than  as a 
single reagent, for two reasons: (1) the reagent described by 
Fauchon is very unstable, and (2) in the acid digests of biological 
material which i t  was proposed to  use in this work, sulfuric acid 
would already be present. I ts  concentration in  these digests 
could readily be adjusted to  the proper point as determined ex­
perimentally, and it  could therefore be om itted from th e  color re­
agent.

R E A G E N T S

Sulfuric acid, specific gravity 1.17, C., 160 ml. of concen­
tra ted  acid diluted to  1 liter w ith distilled w ater (referred to  be­
low as 16 volumes %  sulfuric acid).

Potassium  iodide reagent A, 112 grams of c . p . potassium io­
dide and 20 grams of crystalline ascorbic acid dissolved in dis­
tilled w ater to  m ake 1 liter. This reagent is made up only as 
needed and is kep t in a brown bottle, bu t is stable for about one 
m onth. I t  m ust be discarded when molds develop.

Potassium  iodide reagent B (for bism uth determ ination), 16 
gram s of c .p . potassium  iodide and 20 grams of ascorbic acid dis­
solved in  distilled w ater to  make 1 liter. This reagent m ust be 
prepared freshly about once each week.

Perchloric acid-nitric acid mixture, 3 volumes of 70%  per­
chloric acid mixed w ith 1 volume of concentrated nitric acid.

Hydrogen peroxide, 30%  solution.

S T A N D A R D  S O L U T IO N

Dissolve 110 mg. of c.p. potassium antim ony ta r tra te  in 500 
ml. of distilled water, add 160 ml. of concentrated sulfuric acid, 
cool, and dilute to  1 liter w ith distilled water. One milliliter of 
th is solution contains 40 micrograms of antimony. Fredrick 
has shown th a t the c .p . ta r ta r  emetics supplied by Mallinckrodt, 
Merck, and J. T. Baker are of the theoretical antim ony content

P R O C ED U R E F O R  C O L O R IM E T E R '

Measure into test tubes (preferably graduated a t  10 ml.) 
quantities of standard solution ranging from 0.5 to 5 ml. Add 
sufficient 16 volumes %  sulfuric acid to  bring the volume of each 
solution to 5 ml. Then add 5 ml. of the potassium iodide re­
agent A, mix, and read in the colorimeter after 5 m inutes (the 
readings remain constant for as much as 48 hours), using a filter 
having maximum transmission a t  420 m/t wave length. To make 
the zero adjustm ent a  solution consisting of a m ixture of equal 
parts of 16 volumes %  sulfuric acid and of potassium iodide re­
agent A is used. The readings which are obtained in this way 
constitute a calibration curve covering the range of 0 to  200 
micrograms of antimony. However, readings up to 500 micro­
grams m ay be made.

The calibration curve is a  stra igh t line when the am ount of 
antim ony taken is between 50 and 500 micrograms. F or am ounts 
less th an  50 micrograms there is a  positive deviation—th a t is, 
the color obtained exceeds in intensity  th a t which would be ex­
pected if Beer’s law applied exactly—b u t the deviation does not 
exceed 5% . The region from 0 to 50 micrograms m ust therefore 
be calibrated specially if needed. A spectral-absorption curve

m p WAVE L E N G T H

Figure 1. Partial Spec tra l-A bsorp tion  Curve of  Potassium 
lodoan tim onite  

Concentration expressed in terms of antimony
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R gure  2. Effect of Final Concentrat ion of  Sulfuric A c i d  on  In­
tensity of  Color of  Potassium lo d oan t im on i te  C om plex  a t  Three 

Different A n t im o n y  Levels

for the colored complex is given in Figure 1. The maximum ab­
sorption is a t  425 m/t; therefore the usual 42 filter m ay be used.

S e n s i t i v it y . The per cent transmission a t  420 of a solu­
tion containing 10 micrograms of antim ony (in 5 ml. of 16 vol­
umes % sulfuric acid, w ith 5 ml. of potassium iodide reagent A 
added) was 90.4 a t  a  band w idth of 0.6 to  0.7 mpt. Thus 10 
micrograms is about the smallest am ount which one could hope 
to determine w ith any degree of accuracy; the observed standard 
error of a series of 6 estim ations of 10 micrograms was 0.44 micro­
gram, or 4.4% . W hen a K lett-Sum m erson instrum ent is avail­
able, the sensitivity m ay be approxim ately doubled by using the 
special absorption cell described by Giacomino (5). This would 
require, however, the establishm ent of another calibration curve 
for quantities of 0 to  50 micrograms.

EFFECT O F  A C ID  C O N C E N T R A T IO N

The color of the potassium iodoantim onite complex is m ateri­
ally influenced by the concentration of sulfuric acid, as is shown 
in Figure 2. T he optim al concentration for quantita tive work 
would appear to  be 8 volumes %—th a t is, 16 volumes %  in the 
acid digest of biological m aterial—since over the range 6.3 to  9.7 
volumes %  there is no change in the intensity  of color of the an­
timony complex. In  fact, such extreme concentrations as 5 and 
13 volumes %  alter the color only to  95 and 105%, respectively, 
of th a t obtained a t  8 volumes %  concentration. A similar situa­
tion in the case of potassium iodobism uthite has been noted by 
Sproull and G ettler (7).

The acid concentration is kep t w ithin the desired range by the 
simple expedient of starting  the digestion process w ithin an 
am ount of sulfuric acid which exceeds slightly th a t required to 
give 16 volumes %  solution when finally diluted—for example,
4.2 ml. of concentrated sulfuric acid when diluted to 25 ml. gives 
a 16.7 volumes %  solution. T his am ount of acid is therefore 
taken where a  final dilution to  25 ml. is planned, and makes 
allowance for a loss of 0.2 ml. of acid during the digestion proc­
ess. If  a dilution to  10 ml. is planned, only 1.8 ml. of sulfuric 
acid are used for the digestion. This, again, makes allowance 
for a loss of 0.2 ml. Actual titra tions of a num ber of digests

have shown them  to fall w ithin the range 14.8 to  16.7 volumes %. 
I t  is obvious th a t excessive boiling of the digest, after the w ater 
has been driven off, m ust be avoided. For very accurate work the 
digests should be checked for sulfuric acid concentration unless 
the antim ony concentration perm its their dilution w ith known 16 
volumes % acid.

EFFECT O F  IO D ID E  C O N C E N T R A T IO N

To achieve a  concentration of potassium iodide equivalent to  
th a t used by Fauchon would require a reagent containing 16% 
of the salt —th a t is, 8%  in the solution used for colorimetry. 
This concentration does, in fact, appear to  give the maximum 
sensitivity (Figure 3, A ). However, when the concentration is 
reduced stepwise the interesting fact is revealed th a t the .anti­
mony color begins to  diminish rapidly, and a t  low concentrations 
disappears entirely. A t the same time the bism uth color, which 
is also maximal when the reagent contains 16% of potassium 
iodide, loses only about 10% of its  intensity (Figure 3, B). W hen 
the reagent contains 1.6% of potassium iodide, antim ony gives 
no color whatsoever, and bismuth m ay be determined by w hat is 
essentially the Sproull and G ettler method. A t 11.2% of potas­
sium iodide the bismuth and antim ony colors are exactly additive 
(Figure 3, C) and this has furnished a basis for the determ ination 
of both elements on the same digest.

M E T H O D S  O F  A N A L Y S IS  FO R  A N T IM O N Y

B lo o d  P l a s m a . Ten milliliters or less are measured accurately 
into a 100-ml. K jeldahl flask, followed by 1.8 ml. of concen­
tra ted  sulfuric acid and 5 ml. of a  3 to  1 perchloric-nitric acid mix­
ture. Digestion is now carried ou t over a low flame, w ith addi­
tion of more of the oxidizing solution from tim e to tim e in order 
to  prevent carbonization. When the oxidation is complete the 
digest is cooled, and 30 ml. of w ater are added and boiled off (to 
the appearance of fumes of sulfur trioxide). The digest is now 
accurately diluted to  10 ml. (For this operation, add 3 ml. of 
w ater to  the digest and cool under the tap. Transfer quan tita ­
tively to  a  test tube graduated a t  10 ml., using a 3-ml. pipet for 
the transfer. Rinse the sides of the flask with 2 ml. of w ater and 
transfer to the test tube. Repeat, then dilute w ith w ater to  tho 
mark.) To an aliquot an equal volume of potassium iodide 
reagent A is added. (A precipitate of potassium perchlorate m ay 
appear a t  this p o in t . ' If  so, it  is centrifuged out.)

If the color obtained is beyond the readable range, the digest 
is diluted accurately w ith 16 volumes %  sulfuric acid until a 
readable value is obtained. For a  blank, the m ixture of equal 
volumes of 16 volumes % sulfuric acid and potassium iodide re­
agent A is used. However, the digestion of a  similar am ount of 
antimony-free serum will give a small reading, which m ust be 
subtracted if accurate results are to  be obtained on very low an ti­
mony concentrations.

U r i n e . Measure accurately into a 100-ml. K jeldahl flask 25 
ml. of urine and 4.2 ml. of concentrated sulfuric acid. Add ap­
proximately 10 cc. of concentrated nitric acid and boil gently over 
a small flame. Add more nitric acid from tim e to  tim e to  avoid 
carbonization. (The purpose of this is to  avoid reduction of Sbv 
to  Sbm  in the presence of chloride, since antim ony trichloride is 
slightly volatile.) W hen the oxidation is complete the digest is 
cooled and about 50 ml. of w ater are added and boiled off. A t 
this stage the digest should no t have any yellow color; if i t  does,

Table I. In terference of  Som e M e ta l l ic  Elements  with Determ ina­
t ion  of  A n t im o n y 11 as KSbh

Element Amount Antimony
Added Added Found

A(icrograms iiicTOgrami
Asm  100 100
Hku 100 100
B p n  100 242
Fen 200 101
CuU’ 100 100
Pb“ S 200 102
yfrti 200 99
T Pt 200 82 c

-  JUU miurugraius. , . .
b These elements were included a t the suggestion of W. 1». hredncK. 

Tungsten and thallium interfere with the rhodamine B procedure for anti- 
mony.

e Forms a yellow precipitate which can be removed by centrifugation. 
Apparently some potassium iodoantimonite is adsorbed on precipitate.
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Table  II. R ecovery  of A n t im o n y  A d d e d  to  Biological  Materials

Material
Antimony 
Added0 

M  icrograms

Antimony 
Recovered 6, 

(Mean) 
Micrograms

Standard 
Error 

of M eanc
%

Beef blood plasma, 10 ml. 0
12.5

100
500

1250

3
12.7
99

516
1275

13.5
2 .9
1.7
2 . 1

Human urine, 25 ml. 0
250
750

1250
5000
1765<*
2360®

10
255
728

1253
5040
1770
2300

’2 .2
1.7
2 .7  
0 .7  
1.4
1 . 8

Dry rabbit feces, 0 .5  gram 0
250

2500

3
249

2544
*3.5
1.3

Rabbit liver (fresh), 2 .5  grams 0
250

2500

0
244

2450
*2 .0
1 . 2

° Aa tartar emetic except where otherwise indicated.
6 After subtraction of established blank. 
c From mean.

, A As Neostibosan, a preparation containing p-aminophenylstibonio acid, 
its  acetyl derivative, and antimonio acid.

* As Stibanose, a preparation containing the complex of sodium gluconate 
and antimonio acid as the diethyl monoetkanolamme salt. The antimony 
analysis of this compound and of Neostibosan was kindly supplied by H. B. 
Corbitt of the Wintnrop Laboratories.

a  few drops of Superoxol or of nitric-perchloric acid m ixture are 
added to  the ho t solution and the boiling is continued for another 
m inute. The digest is now diluted to  25 ml. and a 5-ml. portion 
(which contains about 16 volumes % sulfuric acid) is taken for 
colorimetric analysis as for blood plasma. If  the am ount of an­
tim ony exceeds tn a t which can be read, the digest is diluted with 
16 volumes %  sulfuric acid until a  readable color is obtained. 
(Or the colored solution m ay simply be diluted w ith the sulfuric 
acid-potassium  iodide solution—which is used for the blank— 
until the color is w ithin the readable range.) A blank deter­
mination on 25 ml. of antimony-free urine m ust be run and sub-

Figure 3. Effect of Final Concentrat ion  of  Potassium Iod ide  
on Intensity of  Color

A .  100 micrograms of antimony
B . 70 micrograms of bismuth
C. 100 micrograms of antimony and 70 miciograms of bismuth

In ail casas 100 is taken as tha amount of color obtained whan 100 micrograms 
of antimony In 5 ml. of 16 volume %  sulfuric acid are mixed with 5 ml. of a solu­

tion containing 1 6 %  potassium iodide and ï %  ascorbic add

tracted, particularly if the am ount of antim ony to  be determined 
is very small.

F e c e s .  Samples of 0.5 gram of dry feces, or about 2  grams of 
w et feces, are transferred to  a  100-ml. K jeldahl flask followed by
4.2 ml. of concentrated sulfuric acid and 10 ml. of concentrated 
nitric acid. The procedure is as for urine. The blank value for 
antimony-free feces is negligible unless very small am ounts of an­
tim ony arc being determined (see Table II).

T issues. A sample expected to contain 250 micrograms of an­
tim ony or more is transferred to a  100-ml. K jeldahl flask along 
with 4.2 ml. of concentrated sulfuric acid. The oxidation process 
is carried ou t w ith perchloric acid-nitric acid m ixture; otherwise 
the process is as described for urine. T he blank value for anti- 
mony-freo tissue is negligible.

IN TER FER IN G  ELEM EN T S

The very low blank values obtained w ith the various body tis­
sues and excreta make i t  clear th a t none of the metallic elements 
normally found in the body interferes w ith the antim ony deter­
m ination. Interference m ight be expected, however, from some 
of the heavy m etals which could enter the  organism in the form of 
various medications. R esults covering some of these elements 
are given in Table I.

The only seriously interfering elem ent is bism uth. A method is 
described below by which this element m ay be determined sepa­
rately, if present. As for anions, there is no interference from 
nitrates or phosphates. Oxidizing anions such as nitrite  and hy­
pochlorite interfere if present in  sufficient quantity  to  oxidize 
the ascorbic acid in the potassium iodide reagent. Sulfites in ter­
fere in any concentration, since they give a  yellow color when 
added to  a reagent blank.

R E C O V E R Y  O F  A N T IM O N Y  F R O M  B IO L O G IC A L  M A T E R IA L S

The results of recovery experiments are given in Table II . 
The values obtained are satisfactorily precise, as is shown by the 
standard  errors. As a  m atte r of fact, these errors are ordinarily 
no greater than  would be obtained in setting up and reading a 
series of half a dozen standards of the same antim ony concentra­
tion. The recovery experiments have included several forms of 
the element. In  m ost cases the antim ony was added as ta r ta r  
emetic, bu t in some cases organic compounds such as Neostibosan 
and Stibanose were added.

M E T H O D  F O R  D ETER M IN IN G  B O T H  A N T IM O N Y  A N D  B ISM 0TH

The colorimeter m ust be accurately calibrated for bism uth 
using both  the 1.6 and 11.2% potassium iodide reagents. A given 
am ount of bism uth yields 11% more color a t  the higher iodide 
concentration.

An aliquot of the digest is treated  w ith an equal volume of 
reagent B and another aliquot is treated  w ith an equal volume of 
reagent A. B oth are read in the colorimeter against a blank 
consisting of one volume of 16 volumes %  sulfuric acid and one 
volume of potassium iodide reagent A. T he first aliquot gives 
the am ount of bismuth present, and the second gives antim ony 
plus bismuth. If  the second reading is beyond the range of the 
instrum ent, the digest is diluted w ith 16 volumes %  sulfuric acid 
until a  readable color can be obtained with reagent A, then  both 
determ inations are repeated.

Table III. R ecovery  i

Material 

Human urine, 25 ml.

Beef blood plasma, 10 ml.

Materials
Bismuth Antimony

Bis­ Anti­ Recovered * Recovered *
muth mony Standard Standard

Added0 Added6 Error Error
Micrograms Micrograms
600 600 594 *  2 9 .0 617 *  26 .0

1000 200 981 *  8.6 214 *  17.0
200 1000 214 *  10.5 986 *  14.0
200 200 205 =*= 6 .5 201  *  6.0

50 50 48 .7  *  1 .8 49 .2  *  3 .3
100 100 9 6 .5  *  3 .0 104.0 *  5 .3
200 200 203 * 3 . 5 204 .5  *  3 .9

° As bismuth nitrate.
& As potassium antimony tartrate.
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C a l c u l a t io n . T he bism uth content is calculated from the 
established calibration curve for reagent B. The colorimeter 
reading a t  the lower iodide concentration is then multiplied by
1.11 and subtracted from the reading a t  the higher iodide con­
centration. The difference is due to antim ony and is calculated 
in the usual m anner from its calibration curve. Some recovery 
experiments involving both elements are given in Table II I . 
The to ta l recovered is more accurate than  either element alone; 
an accuracy better than  =*=5% is no t claimed for the individual 
elements.

D ISCU SSIO N  O F  M E T H O D

T he ascorbic acid which is present in the potassium iodide re­
agent serves three purposes: (1) it  reduces the iodine formed by 
the reaction Sbv +  2K I -*• Sbln +  I2 +  2K +; (2) i t  stabilizes 
the color by preventing the form ation of free iodine from potas­
sium iodide; (3) i t  acts as a buffer against traces of oxidizing im­
purities which m ay be present in the digests. These properties 
of ascorbic acid eliminate the necessity for any elaborate process 
for the destruction of oxidizing impurities.

One im portant source of error is the presence of yellow sub­
stances in the acid digests. These m ay appear to  have been com­
pletely destroyed and be invisible to  the naked eye. Y et when 
the am ount of antim ony present is small and large aliquots of 
the digest m ust be used, the error m ay be appreciable. I t  is ad­
visable as a  precaution to read the color of the digest in the color­
im eter against 16 volumes %  sulfuric acid and to  make a correc­

tion appropriate to the aliquot used. If  the aliquot used is as 
little as 1 ml. this factor is usually negligible.

The only other technical points which require a tten tion— 
namely, control of acid concentration, and avoidance of loss of 
antim ony as antim ony trichloride—have been sufficiently empha­
sized.
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Microdetermination of M ercury in Biológica I M aterial
J A C O B  C H O L A K  a n d  D O N A L D  M .  H U B B A R D  

Ketter ing Labora to ry  of  A p p l i e d  Physio logy ,  C o l lege  of  M e d ic in e ,  University of Cincinnati , Cincinnati ,  O h i o

A  p rocedure  suitable for determining minute quantities of  mercury 
in b io logical  an d  re la ted  materials is d escr ibed .  O rg a n ic  matter is 
des troyed  b y  digesting the sample in a special apparatus, b y  boiling 
first with a mixture of  sulfuric an d  nitric acids, fo l low ed  b y  a second  
boiling treatment after  add i t ion  of  potassium perm anganate .  M e r ­
cury is ex tracted  from th e  d ec o lo r iz e d  acid -permanganate  digest 
(di luted to  1 .8  N In respec t  to  sulfuric ac id )  b y  means of  a ch lo ro­
form solution of  d i -0 -naphthy l th iocarbazone .  The chloroform e x ­
tract is then  t rea ted  with a sulfuric a c id - so d iu m  thiosulfate mixture to  
separate the  mercury from c o p p e r .  The final es timation of mercury 
is made b y  pho tom ete r ing  d i-^-naph thy l th iocarbazone-ch loroform  
extracts of the  copper - f ree  aq u e o u s  phase following treatment with 
potassium perm anganate .  A t  least  5 0  grams of b lo o d  must b e  used 
for the re l iab le  es timation of concentrat ions as low as 1 microgram of 
mercury in 1 0 0  grams of b lo o d .  A  tab le ,  which com pares  the mer­
cury content  of  the  b lo o d  an d  ur ine of  e x p o s e d  persons, shows that 
the  mercury con ten t  of the  b l o o d  is very low. Excep t in o n e  case, 
the amounts w ere well b e lo w  1 0  micrograms for 1 0 0  grams of b lo o d .  
The highest,  0 . 0 2 9  njg- per  1 0 0  grams, was found  in a case where the 
urine level was 4 .4 4  mg. of mercury p e r  liter. The mercury-di-jS- 
naphthylth iocarbazone co m p lex  is more stable  than the  analogous 
d ith izone com plex .

SA TISFACTORY  m ethods for the determ ination of m inute 
quantities of mercury, particularly  in  the air of industrial 

establishments and in  the urine of exposed persons, have been 
described (S, 4, 8, 11, 12). The m ost sensitive of these methods 
involving the scattering of the radiation a t  2537 A. by mercury 
vapors (3, IS) is very satisfactory for air analysis, b u t its  applica­
tion in the analysis of other m aterial requires special equipm ent 
and inconvenient preparatory procedures. Ballard and Thorn­
ton (I) have applied the method to  the determ ination of minute 
quantities of mercury in aqueous solutions and have mentioned- 
the possibility of its  use in the analysis of biological material, 
bu t have given no data  or details of procedure on such applica­

tions. Laug and Nelson (6) have described a simple chemical 
method based upon the use of dithizone for the general analysis 
of biological m aterial, b u t the authors were unable to  apply the 
method successfully whenever i t  was necessary to  employ all of a  
large sample. O thers (10) also have reported difficulties in  the 
use of the Laug and Nelson method.

The colorimetric method founded upon the use of di-0-naph- 
thyltliiocarbazone (4) has been employed successfully by th e  
authors in  th e  analysis of samples of air, urine, and aqueous 
solutions of organic m aterials which can be oxidized conveniently 
by digestion w ith acid-potassium  perm anganate. In  applying 
the m ethod to  the analysis of other m aterial, however (solid 
tissues, blood, etc.), difficulties were encountered mainly because 
of losses of mercury duo to the methods used in  oxidizing the 
organic m atrix. The general applicability of the m ethod de­
pended therefore upon the developm ent of safe oxidation proce­
dures and upon the introduction of modifications in the extraction 
steps which would eliminate the need for using small samples or 
aliquots in  order to  protect the m ercury extraction agent. Such 
a convenient procedure has been developed and is given below 
in such detail as to  involve some slight repetition of earlier pub­
lished work (4) for the sake of completeness.

R E A G E N T S

Oxidizing M ixture. A 1 to  1 m ixture of concentrated sulfuric 
and nitric acids is convenient to use for the destruction of organic 
m atter.

Hydroxylamine Hydrochloride, 50 and 5%  w /v  solutions.
Potassium Perm anganate, 5-grain (0.325-gram) tablets and a  

saturated  solution.
Sodium Thiosulfate, 1.5 grams of sodium thiosulfate in 100 

ml. of water.
D i-fi-naphthylthiocarbazone. (1) In itia l extraction solution, 

20 mg. of di-5-naphthylthiocarbazone in 1 liter of chloroform.
(2) Final extraction solutions, 0 to  5 micrograms range 6 mg. of 
di-/3-naphthyithiocarbazone per 1 liter of chloroform; 0 to  50 
micrograms range same as initial extraction solution.

The extraction solutions are stabilized and used chloroform is 
reclaimed by procedures described by Bambaeh and Burkey (2)
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Figure 1. Digestion A p p a r a ­
tus U sed  in O x id a t io n  of 

O rg a n ic  Material

P RO C ED U RE

P r e p a r a t io n  o f  S a m p l e s .
Urine (and aqueous solutions 
of most organic materials).
F ifty-m illiliter samples are di­
gested w ith sulfuric acid and

Cotassium perm anganate in a 
oiling flask provided with a 

“ cold finger” as previously de­
scribed (4).

Air Samples. Atmospheres 
may be sampled either by pass­
ing the air a t  a  suitable rate 
through a gas scrubber con­
taining 100 ml. of a  solution of 
potassium perm anganate (10 
grams) in 10% (v/v) sulfuric 
acid, or the sample m ay be 
c o l le c te d  in  a n  e v a c u a te d  
balloon flask (7) and the mer­
cury brought into solution by 
introducing 100 ml. of the ab ­
sorbent medium into the flask 
and shaking it for a  few 
minutes. The entire sample or 
a suitable aliquot m ay be used, 
bu t only after decolorizing the 
solution w ith hydroxylamine 
hydrochloride solution (50% 
w /v).

Solid Tissue and Blood. In ­
troduce the sample (1 to 50 
grams) into a  1-liter, two- 
necked, distilling flask (Figure 
1), add 40 ml. of the oxidizing 
mixture, insert the cold finger, 
and heat the m ixture to  boil­
ing. A fter boiling for 2 hours, 
cool, then  further chill the 
solution by immersing the flask 
in an ice bath. Remove the 
fats and fa tty  acids which 
separate out, by filtering the 
solution through a  glass-wool 
plug inserted into the neck of 
a  funnel. Collect the clear fil­
tra te  in a second 1-liter, two­
necked flask, reinsert the finger, 
add two 5-grain tablets of po­
tassium p e rm a n g a n a te ,  a n d  
again heat the solution to boiling. Continue boiling and add 
tablets of potassium perm anganate (2 a t  a  tim e), through the 
second neck of the flask, either un til a  precipitate of manganese 
dioxide persists or until 8 to  10 tablets have been used for each 
10 grams of sample. Cool the flask again in an ice bath  and add 
5 ml. of hydroxylamine hydrochloride solution (50%  w /v) to de­
colorize the solution. If, on cooling, fats again separate out, 
filter the solution as after the first chilling.

I n i t ia l  E x t r a c t io n . Proceed w ith the extraction of mercury 
from samples of digested urine as directed previously ( /) . Solu­
tions resulting from air sampling, containing no t more than  10% 
(v /v ) sulfuric acid, m ay be handled in a similar fashion. In  
all cases in which 40 ml. of the oxidizing m ixture have been used, 
transfer the prepared sample to  a  500-ml., pear-shaped, separa­
to ry  funnel, dilute it  to  400 ml. w ith distilled water, add 5 ml. of 
hydroxylamine hydrochloride solution (50%  w /v), and extract 
the mercury w ith 5-ml. portions of initial extraction di-S-naph- 
thylthiocarbazone solution. Continue extraction w ith 5-ml. 
portions of di-6-naphthylthiocarbazone solution until the last 
portion added shows no change in  color, collecting the extracts 
in a second 150-ml. Squibb separatory funnel. (Each 5-ml. por­
tion of di-S-naphthylthiocarbazone solution extracts approxi­
m ately 25 micrograms of mercury and the to ta l quantity  of di-/3- 
naphthylthiocarbazone used indicates the concentration range, 
thereby determ ining the final dilution of the sample and the size 
of the cell which is to  be used for photom etric purposes. If 
m inute traces of m ercury are expected, the individual portions of 
extracting solution used m ay be reduced to  1 or 2 ml. in volume 
in order to  make more certain by the color change th a t less than 
5 micrograms of m ercury are present.)

To the combined chloroform extracts or to an aliquot contain­
ing n o t in  excess of 50 micrograms of mercury in the second funnel, 
add 50 ml. of dilute sulfuric acid (2%  v /v ) and 4 ml. of the so­
dium thiosulfate solution. Shake for 1 m inute and discard the 
chloroform layer. Wash the aqueous solution twice w ith 5-ml.

Height of apparatus, 40 cm.

Water inlet 
Water outlet 
Gas outlet

2-± T  40 *

45 *
1.5- to 2-mm. gas gap 
1-liter Pyrex flask

portions of clear chloroform and then transfer the aqueous layer 
to  a  200-ml. boiling flask. Add 5 ml. of saturated  potassium 
perm anganate solution, insert a cold finger in the m outh of the 
flask (4), and heat the solution for 10 minutes. Cool the solu­
tion and decolorize i t  by adding aqueous hydroxylamine hydro­
chloride (5%  w /v) dropwise, and then add 1 ml. in excess. Re­
insert th e  condenser and heat just to the boiling point. Cool and 
rinse the solution into a 150-ml. Squibb-type separatory funnel.

F in a l  C o l o r im e t r ic  E x t r a c t io n . D ilute the solution to 100 
ml. and extract the m ercury writh  di-í3-na^^hthylthiocarbazonc, 
solution, using 20 ml. of the initial extraction solution for the 
range 0 to 50 micrograms, or 10 ml. of the 6 mg. per liter solution 
for the 0 to  5 micrograms range. For photom etric readings in the 
lower range of concentrations a cell of 50-mm. light path  is em­
ployed, while for the higher a  cell of 10-mm. light pa th  is satis­
factory. Any suitable photom eter capable of using Style D 
American Instrum ent Company cells m ay be used. Filters for 
photometers th a t require them should be centered a t  515 m¿i.

W orking curves are obtained with known quantities of mer­
cury (as the nitrate) plus 50 ml. of sulfuric acid (2%  v /v ) and 
1 ml. of hydroxylamine hydrochloride solution (5%  w /v) di­
luted to 100 ml. as in the final colorimetric extraction step.

RESULTS

The recoveries in  the case of known quantities of mercury 
added to  blood and tissue samples (liver) are listed in  Tables 1 
and II . Table I I I  gives some results obtained upon samples of 
the blood and urine of exposed persons in order to  illustrate the 
relationships between the blood and the urine w ith respect to 
concentration of mercury. These data  dem onstrate the practical 
need for a  micromethod capable of using such relatively large 
samples.

D ISCU SSIO N

As is indicated in Table I , i t  is possible to detect as little  as 0.5 
microgram of m ercury in 50 grams of blood, this being the small­
est quantity  of sample th a t can be employed successfully when 
the concentration of m ercury is of the order of 1 microgram per 
100 grams. M ercury cannot be extracted from acid digests of 
such large samples, prepared by the Laug and Nelson method
(6), either because of the large quantity  of nitric acid which must 
be used or because in the oxidation of the organic m atter certain 
products are produced which destroy the extracting agent (di-

Table I. Recoveries  of M ercu ry  A d d e d  to B lood Samples

Blood
Grams

50
20
50
50
50
50
50
20
20

Tablets of 
KMnO* 

Employed

40
20
40
40
40
40
40
20
20

Mercury Added 
Micrograms

0
0
0 .5
1 .0
5

10
20
50

500

Mercury Found 
Micrograms

1, 0 .8  (0 .9  av.) 
0 .7 , 0 .5  (0 .6  av.)
I .4 ,  1.4  
1 . 6, 2 .0  
5 .9 , 5 .3
I I , 1 1  
2 1 , 20 
50, 50 .5  
505, 495

Table II.

Liver

Recoveries  of M ercu ry  A d d e d  to  Rabbit  Liver
Tablets of 

KMnO«
Used Employed Mercury Added Mercury Found

Grams Micrograms Micrograms
50 40 0 3 .8 , 2 .6  (3 .2  av.)
50 40 5 8 .4 , 8 .4
50 40 100 101, 102.5

Table III. Concentrat ion  of  M ercu ry  in Blood and  Urine of  Exposed 
Persons

Number Urine *— Blood
M g ./ l Grams M g./100  g

J.S. 0 . 1 2 55 .6 0.001
W.H. 1.06 50 .3 0 .009
L.P. 1 .2 0 33 .5 0 .006
O.M. 0 .82 33 .4 0.003
L.W. 0 .04 58 .5 0.001
H .M . 4 .44 47 .7 0.029
M .B. 0 .64 32 .4 0.001
J.W. 0 .18 53 .7 0.001
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Figure 2. Transmission Curve for Twice Repurif ied Di-/3-naphthylthiocarbazone
in Chloroform

thizone or di-/3-naphthylthiocarbazone). The use of potassium 
perm anganate in the authors’ method overcomes these difficul­
ties, for not only does th is additional treatm ent destroy more of 
the organic m atter, b u t in the process of doing so it neutralizes 
some of the acid (probably m uch of the nitric acid) and perm its 
extraction of the mercury w ithout decomposition of the extract­
ing agent. The use of the additional reagent increases the magni­
tude of the reagent blank, b u t not to such an extent as to  be prac­
tically disadvantageous. T he to ta l blank associated w ith the 
employment of 40 ml. of the standard  oxidizing m ixture has been 
found to be 0.9 and 0.6 microgram, respectively, when 40 and 20 
tablets of potassium perm anganate are used.

The dilution of the prepared sample to  the volume of 400 ml. 
also tends to  prevent oxidation of the di-/3-naphthylthiocarbazone 
and reduces the concentration of acid therein (in terms of sulfuric 
acid employed) to  about 1.8 N , which is of the order of th a t (1.5 
-V) used by Laug and Nelson (6), in the initial extraction. The 
authors have no t found it  necessary to  prevent the extraction of 
silver by the addition of hydrochloric acid, since this is accom- 
olished by hydroxylamine hydrochloride. Added quantities of 
silver up to  1 mg. carried through the complete procedure failed 
to affect the recovery of mercury.

The removal of free fats or fa tty  acids is necessary because of 
their effect on the extraction agent, b u t their removal, as also 
shown by Laug and Nelson ((?), does no t result in losses of mer­
cury. Experience has dem onstrated th a t some fa tty  m aterial is 
dissolved by the chloroform in the initial extraction step and th a t 
this may be carried over into the acid-thiosulfate mixture. A 
considerable portion of this fa t is removed when the aeid-thio- 
sulfate m ixture is washed w ith clear chloroform and the greater 
portion of the rem ainder is destroyed in the acid-perm anganate 
boiling procedure used to break up the m ercury-thiosulfate com­
plex preparatory to  the final colorimetric extraction. A slight, 
yellow color remains in the aqueous layer (particularly when large 
samples have been employed), bu t this color does not appear to 
be extracted by the final extraction solution.

The use of the thiosulfate complexing medium perm its a final 
extraction for colorimetric purposes a t  pH  0.5. This is beneficial 
in avoiding interference by other metals, particularly lead, zinc, 
and cadmium, which might prove harm ful a t  pH  6, such as is used 
by Laug and Nelson (6), particularly if through error the acidity 
should be less than  this value. Laug and Nelson avoid these 
possible interferences by purifying their iodide and buffer solu­
tions, steps which are unnecessary' if the method described above 
is used. The only elements th a t m ight be expected to  give 
trouble under the conditions of extracting a t  relatively high 
acidity are copper, silver, and bism uth. The la tte r  two, however, 
are no t extracted in the presence of chloride ion (obtained from

the hydroxylamine hydrochloride which is added 
in  both the initial and final extraction steps), 
while the former rem ains in the chloroform layer 
when the initial extraction solution is shaken 
with the acid-thiosulfate solution. In  the use 
of the la tte r  the only precaution required is 
th a t the acid-thiosulfate solution should bo 
made up fresh ju s t before use; otherwise the 
thiosulfuric acid is decomposed w ith deposition 
of sulfur and consequent loss in mercury- 
complexing ability.

The lack of stability  of the mercury-dithizone 
complex (6) is a  decided disadvantage which has 
been overcome by the use of di-|S-nnphthylthio- 
carbazone. The complex of the la tte r  reagent 
with mercury is stable and no loss in color has 
been observed after 1 hour of exposure of the 
solutions to strong artificial light. No effort is 
made to protect the solutions of the mercury- 
di-jS-naphthydthiocarbazone complex prior to 

their final introduction in to  the photom eter, although they are 
not allowed to stand in strong sunlight.

The di-|3-naphthylthiocarbazone was prepared by one of the 
authors, by a method described elsewhere (5). The reagent 
may be obtained from E astm an Kodak Corporation, bu t the 
product so available a t  present m ust be purified, since its  molecu­
lar extinction coefficient (t) a t  645 m^ was found to  be approxi­
mately' 10,000 as compared to th a t of 42,000 which characterizes 
the twice repurified product made by the Scott and H ubbard 
method and which was used in this work (5). A fter one purifica­
tion, the Eastm an product had an extinction coefficient of 25,000. 
Apparently the method originally used by H ubbard (4), which 
was a modification of Suprunovich’s method (9), gave a somewhat 
purer product than th a t m ade subsequently (5), since an  extinc­
tion coefficient of 45,700 was obtained for it. This apparently 
superior method, however, is im practical because of its  very low 
yield. In  Figure 2 is shown a transmission curve for the twice 
purified product made by the H ubbard and Scott m ethod (5). 
This curve was obtained w ith the Beckman spectrophotom eter, 
the readings being made a t  10-m/i intervals until the peak of ab­
sorption was near, when they  were made a t  5-mp intervals. By 
reason of the use of the Beckman instrum ent, this curve is more 
accurate than th a t shown previously (4).

Finally, the authors have attem pted to employ the spectro­
graph for the determ ination of mercury in biological material. 
The spectrographic sensitivity was found to be satisfactory only 
following isolation of the mercury and reduction of the resultant 
solution to a volume of 0.5 or 1 ml. These procedures always 
resulted in  some loss of mercury and therefore the spectrographic 
m ethod was abandoned in favor of the purely’ chemical method 
described above.
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NOTES ON ANALYTICAL PROCEDURES

A  V e rs a t i le  E lectron ic  R e lay

J O S E P H  G .  BAIER, J r . ,  A N D  P A U L  E. M I L L I N G T O N ,  The University of Wisconsin in M ilw a u k e e ,  M i lw a u k e e ,  Wis.

A n  electronic relay  is descr ibed  which is variable in sensitivity, re ­
quires a t  most on ly  a few microamperes of  con tact  current,  can be  
adjus ted  to  the  inherent  resistance of the  regulator  circuit,  an d  in­
corpora tes a pho tocel l  for light activation of  the  re lay.

A  N U M B E R  of electronic relay circuits have been described 
in the literature (1, 8-6) during the past few years. The 

general trend has been tow ard the developm ent of a relay re­
quiring regulator contact current in the order of a  few microam­
peres, so as to  prevent deterioration of the m ercury-platinum  or 
the bimetallic strip  regulator contacts. In  using these relays, it 
is necessary th a t the regulator elements be well insulated and 
their connecting leads short and w ith good insulation, since any 
reduction in the necessarily high open circuit resistance, due to 
high hum idity or insulation leakage, m ay prevent normal use of 
the relays. Moreover, these relays are usually of fixed types, 
each serving only one purpose, so tha t, for different uses, either 
several specific types of relays m ust be present in the laboratory 
or circuit changes in the existing instrum ents m ust be made.

The relay described in this paper offers the following features 
not found as a  group in the usual electronic relay:

By means of a  six-point selector switch in conjunction w ith a 
potentiom eter, the relay can be adjusted rapidly for use w ith 
any  type of regulator having contact and connecting wire lead 
resistances from approxim ately 0 ohm to 250 megohms.

I t  is provided w ith a  socket to  receive an emission-type photo­

Circuit Diagram of RelayFigure 1
V i =  2050 gai tetrode; Vi =  868 gas photocell; T  =  midget filament transformer 117, 6.3-volt 
Ttiordarson T19F80; R B  =  plate circuit relay; P i, P i — 6.3-volt pilot lamps, M aida N o. 44 , in Drake 
N o . 20 leweied sockets; 5 i  =  midget toggle switch; S :  =■ six-position M allory selector switch No. 
13 1 6 L ; C  10-.*fd. electrolytic condenser, 50-volt D C W V ; — 10,000 ohms; R i  — 5000 ohms;
R i — 900 ohms; R< =  1750 ohms; R t  =■ wire-wound potentiometer of 10,000 ohms, Mallory No. 
M 1 0M P ; R i  — 250,000 ohms; R i  ■=■ 5 megohms; R t  — 100,000 ohms; R t  — 250,000 ohms; 
R u  -  500 000 ohms; / in  = 1 megohm; R u  -  5 megohms; R u  -  10 megohms. Resistors i f i  to R i 
are Brown Devil 10-watt wire-wound resistors, ifs  to ifia ore 0.5-watt carbon resistors. T it =  thermo­
regulator N C  and N O  are normally closed and normally open relay contacts. Pilot lamp P i indicates 

when relay is energixed, while P i Indicates continually while Instrument is In use

cell for light activation  of the relay, to operate either alone or in 
conjunction w ith the usual type of regulator.

Tho relay will open or close the 117-volt a lternating  current 
control contacts either upon opening or closing of the regulator 
contacts, or w ith  increase, decrease, or in terruptions in  th e  light 
strik ing tho photocell.

Using tho low resistance range, the regulator contact current 
does no t oxceed a few microamperes and is as low as a fraction of 
a  microampere for photocell operation or in using the highest 
resistance range.

Series resistances are provided to  pro tect the operator from 
accidental shock by body contac t w ith  the regulator term inals.

R E L A Y  CIRCUIT

The relay circuit shown in Figure 1 illustrates the use of a typo 
2050 gas tetrode (interchangeable w ith type 2051), operating 
on alte rnate  half waves of th e  alternating  current cycle, in  a  con­
ventional circuit (#) modified for the purpose. This type of tube 
was choson for its high current-carrying capacity and for the 
triggering action of the grid where, when the critical grid-firing 
voltage is reached, the tube conducts to  its  maximum capacity. 
The necessary voltages for plate and grid operation are obtained 
from the voltage divider, R\ to  R t, w ith the voltage developed 
across Ri and R t supplying the plate a voltage positive w ith re­
spect to the cathode, and the voltage across Ri and R t negative 
w ith respect to the cathode on the same half cycle for grid con­
trol. R t gives a m inim um  negative grid bias voltage ju s t in  ex­
cess of cutoff, while R t allows for an additional grid bias voltage, 
variable to tne grid through potentiom eter Ri. The use of re­
sistors Rs to R u  allows for tho ranges of sensitivity  desired for 
operation of the relay.

W ith S t  in  position 6 and the control on R t moved all the wray 
up (minimum setting), the relay will operate 
w ith contact resistances across T r  of as much as 
250 megohms, while w ith S t in position 1 and the 
control of R t all the  w ay down (maximum 
setting) practically a zero resistance is necessary. 
On adjusting S t to  interm ediate contact points 
and varying R t for each position of St, a  complete 
range in  between is available.

T he p late circuit relay, R e , is of 1500 ohms’ 
resistance requiring approxim ately 8 ma. for 
operation. Under th e  conditions of available 
plate voltage, a relay requiring up to 35 ma. 
and of lower resistance could have been used. 
However, under these conditions and especially 
if the circuit is to  be turned off and on frequently, 
a  switch should be inserted in  the p late circuit to  
provide a  minim um delay of 10 seconds after 
turning on 1S1 before applying th e  voltage to  the 
p late of the tube. This is recommended by tho 
m anufacturer of the tube, since tu rn ing  on the 
heater and  plate voltages a t  the same tim e m ay 
result in  reduced tube life. The authors have 
no t experienced this difficulty in the use of the 
instrum ent as described. The holding condenser, 
C, is necessary to  prevent chattering of the plate 
circuit relay, since the operation of th e  relay de­
pends upon half-wave plate rectification. The 
plate circuit relay has a  se t of single-pole single­
throw contacts connected to  a pilot lam p to indi­
cate operation and a set of single-pole double- 
throw contacts to  deliver up to  6 amperes a t  
117 volts a lternating  current to  a  dual outlet re­
ceptacle, so th a t “ norm ally open” or “ normally 
closed” relay service is available for operation of 
the desired control device. I f  a  greater load 
is to  be operated, a  heavy-duty alternating  cur­
ren t relay can be placed in  the control contact 
circuit or a  plate circuit relay w ith suitable con­
tacts can be substitu ted .
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The transform er, T , is a  m idget filament transformer to supply
6.3 volts to  the heater of the 2050 tube. Resistor Rt is a current- 
lim iting resistor for the type 868 photocell. R t is a regulator con­
ta c t protective resistance and should be approximately 250,000 
ohms. Figure 2 is a  photograph of the instrum ent.

B A S IC  O P E R A T IO N  O F  TH E CIRCUIT

T he circuit operates in the following manner. W ith the regu­
lato r term inals. T r , open or the phototube dark (or a t  some pre­
determ ined light in tensity  depending on the setting of S t and 
Ri), the  grid of the 2050 is a t  a  voltage more negative than the 
critical grid firing voltage as determ ined by Ri and the setting 
of Ri. W hen contact T r  is closed, or the photocell illuminated 
(or th e  illum ination increased), the grid is brought to  a potential 
less negative th an  the cutoff voltage, causing the tube to  fire and 
energize the plate circuit relay.

O P E R A T IO N  O F  T H E  R E L A Y

After connecting the relay to a therm oregulator or similar ac­
tivating  mechanism and w ith contacts T r  open, switch St can be 
moved progressively from contact 1 toward contact 6 and if the 
relay operates, owing to leakage across the wire leads from the 
regulator, sw itch S t can bo backed off one position (or the sotting 
of R i lowered) until th e  p late circuit relay does no t become ener­
gized except when contacts T r  are closed. Actually for m ost uses 
of th e  relay, except under conditions of very high humidity, or 
when using the photocell sw itch S t can be left perm anently in 
positions 3 or 4. For excitation of the relay using the photocell, 
th e  procedure described previously can be employed. When the 
position of S t is found where the relay operates for any given light 
intensity  on the photocell, backing off S t one step will cause it  to 
cease operation. A position of R t can then  bo found where slight 
m ovem ent one w ay will cause the relay to  operate, and movement 
in the opposite direction will cause i t  to  be nonenergized. I f  Ri 
is now left in  the position where the plate circuit relay does not 
operate, a  slight increase in the light will cause it  to  be energized 
and w ith a  decrease i t  will again be inoperative. The instrum ent 
is made very flexible in its  use by simply adjusting S t and R i as 
outlined.

The relay is easy to  assemble, requires no prelim inary adjust-, 
ments, and should cost approximately S13.50 for all parts. If 
photocell operation of the relay is no t desired, V t and R t can be

■ - m  '  •

Figure 2. Pho tograph of  Relay

Through-panel insulators for thermorcgulator T r  arc at far end of panel with photo­
cell socket Vt between them. Selector switch S i  is In center and control to R i  
below. To left of control to R i  Is switch S it  7*1 Is to right. Pilot lamp P t Is not 
visible from this view. Dual outlets to N O  and N C  are on left side of cabinet. 

Entire assembly is a 2s/s X 4*/s X 6V< Inch cabinet, black crackle finish

omitted, reducing the to tal cost to S10. The present relay has 
been in alm ost continuous use w ithout any a tten tion  for more 
than two years, controlling the tem perature of a  constant- 
hum idity chamber using a  toluene-mercury-platinum thermoregu­
lator.
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Kettle  for M easuring Small Residues in Low -Tem perature Fractional Distillation
G R A Y  T. H A M B L E N  a n d  J O S E P H  C. T H O R ST E N B E R G  

Continental  O i l  C om pany ,  Ponca  City, O k la .

SOME samples for low-temperature fractional analyses re­
quire the measurem ent of very small liquid residues, when 

under the conditions of the analysis, it  is impossible to  vaporize 
the residue and measure*it as a gas. If  it  is necessary to  pour the 
residue from th e  kettle before measuring it, very large samples 
must be taken, so th a t the liquid remaining in the kettle will not 
be a large p a rt of the to ta l residue. A kettle  in which it  is pos­
sible to  measure accurately small residues is advantageous, since 
time is saved by the use of samples of moderate size. Two types of 
sample which contain a very small proportion of heavy material 
are the effluent from a polymerization p lan t and the raw gasoline 
stream  from a natural gasoline p lan t which recovers a large 
am ount of propane and butane.

The figure shows a  kettle made from the lower end of a Cali­
fornia-type 100-ml. graduated centrifuge tube. The heating 
coil is wound upon a 19-mm. piece of capillary tube, which is 
fused to  the end of the centrifuge tube. The volume of the capil­
lary is determined by adding liquid from a buret to the centrifuge 
tube; if the buret reads 1.1 ml. and the centrifuge tube reads 1.0 
ml., the volume of the capillary is 0.1 ml. The heater consists 
of 23 cm. of No. 28 resistance wire, which is wound between two 
layers of closely wound asbestos or glass string. The wire m ay 
be threaded through a  Fiberglas sleeve before winding. The 
string and the wire are fixed by the liberal application of w ater

The upper section of the centrifuge tube is pulled off a t  about
the 30-ml. mark, and an 18/9 female ball jo in t is sealed to  the
rounded end. The male p a rt of the jo in t is sealed to  the distilling 
tube of the low-temperature fractionating column. The sample 
is introduced through the capillary connection which is sealed 
to  the stem of the female joint. The three-way stopcock is a t ­

tached to  the capillary by 
m eans of a  short piece of 
rubber tubing. A pinchclamp 
or a screwclamp on the rubber 
tubing helps to  prevent leaks 
around the stopcock. The 
vertical arm s of the cock are 
used to purge the line from 
the sample container. T he 
kettle is immersed in liquid 
nitrogen contained in a  Dewar 
flask during introduction of 
the sample.

After distillation is com­
pleted, the kettle is immersed 
in ice water, in order to  con­
dense vapor and cause the 
reflux liquid to leave the 
packing of the distilling tube 
and collect in the kettle. The 
kettle is then immersed in 
w ater a t  60° F., and the 
volume of the residue is read.



H o t  Stage for M ic ro s c o p ic  O b se rv a t io n s  between Room  

Temperature and 3 5 0  C .

M A R J O R I E  J.  V O L D  a n d  T O D D  M .  D O S C H E R  

D epar tm ent of  Chemistry, University of  Southern California, Los A n g e le s ,  Calif.

TH IS  note describes a small furnace found useful in studying 
phase relations w ith the aid of microscopic observation 

between room tem perature and about 350° C. The design 
problem is th a t of m aintaining a  tem perature gradient of up to 
100° C. per mm. in one direction (so th a t the sample can be a t a 
high tem perature w ith the microscope objective still a t room 
tem perature) bu t w ith substantially zero gradient in the plane 
perpendicular thereto, over an area of 2 sq. cm. Additional re­
quirements are a  means for rapid and accurate measurem ent of 
the tem perature and a fairly low lag in varying the tem perature.

i f

Figure 1 .  Cross Section of  M ic ro sco p e  H o t  Stage

C . Heating element G . Asbestos disk
D . Capillary on wire coll H . Pyrex disk
E. Brass ring K ,  Glass disks
F. M ica strip

space into which is inserted the heating element composed of a
1-foot length of No. 26 Nicrome resistance wire wound as a spiral. 
T he heating element is wrapped around the brass ring fairly 
tightly  and is separated from it by two strips of mica in order to 
prevent the development of ho t spots. The brass ring, with 
winding, is then embedded in position w ith shredded asbestos 
paper. T he leads to  the heating element are brought out through 
holes drilled in the block, and secured to  the binding posts as 
shown.

Two V is - in c h  glass disks, separated by an air space, Vw-inch 
asbestos spacer, fit into the well created by the brass ring, leav- 
ing approximately Vis inch from the top of the ring to  the top 
glass disk. These glass disks serve to  insulate the heated air 
chamber of the furnace from th e  condenser system of the micro­
scope, as well as prevent too great a  heat loss from the center 
of the main hot stage chamber. This is an effective technique, 
since the lower chamber is heated by  the brass ring alm ost as 
effectively as is the upper chamber. T he disks m ay be chipped 
from microscope slides—held under w ater while chipping to  pre­
vent cracking—or a  circular glass cutter m ay be used.

The microscope objective is protected from the furnace by a 
Pyrex disk 0.125 inch thick, cut from a well-annealed plate. The 
la tter condition is im portant if the furnace is to  be used w ith a 
polarizing microscope, in order to prevent depolarization by the 
disk. The 0.125-inch disk is used rather th an  another dum m y air 
space, as formed on the underside of the main hot stage chamber, 
because of its greater convenience when changing specimens. 
This disk is sufficiently thick to  prevent large heat losses from the 
center of the heated air chamber—heat conduction from its pe­
riphery, where it makes contact with the asbestos insulation, prob­
ably accounts for much of the heat loss to the environm ent—but 
does no t conduct so well as to  serve as a  source of heat for the air 
chamber. T his was confirmed by using a  pair of reversed ther­
mocouples—one junction sealed to the glass disk and the other 
positioned in the center of the air space—and determining tha t 
the tem perature of the underside of the disk was an average of 
0.5° to  1.0° C. lower than  the tem perature of the air chamber.

Commercially available heating stages are generally designed 
for biological applications and are no t serviceable much above 
50° C. Those few which can be heated to high tem peratures are 
generally made of m etal and therefore have a  fairly high heat 
capacity which results in  enormous tem perature lag. T he ex­
terior of these stages becomes warm, w ith resultant inconvenience 
in m anipulation. M etallic parts intended to  distribute the heat 
uniformly usually undergo oxidation and deterioration w ith 
short use, and tem perature inhomogeneity develops far greater 
than  the usually claimed 1 ° above 200° C.

Custom-made hot stages for specific applications have been 
described (1~4, 6, 11). Wallace and Willard (10) devised a fairly 
simple, sturdy, and generally applicable hot stage not unlike the 
present design, wliich nevertheless suffered from several defects. 
The heated chamber was 2.5 cm. (1 inch) in  depth and made of 
Alundum wound w ith Nichrome wire; th is construction led to 
the development of severe vertical tem perature inhomogeneity 
within the furnace proper. For use w ith a  10 X objective the 
specimen had to be raised so close to  the top of the stage th a t high 
tem peratures were no t attained readily, nor w ithout the develop­
m ent of large horizontal tem perature gradients.

The present furnace (Figures 1 and 2) is constructed of a  light­
weight porous fire brick (Johns-M anville magnesia brick). The 
bottom  section consists of a block, 2.5 inches square and 0.75 
inch high, from which the central portion has been drilled, leaving 
th e  terraces, A A '  and  B B ’. A th in  brass ring, 0.75 inch in di­
am eter and »/» i°ch  high, fits into a slot, thus creating an annular

A
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D

E

F
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------Cr"
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Figure 2. Section through Control A r e a  of H o t  Stage

A . Magnesia block
B . Asbestos paper
C . Heating element
D . Capillary
E. Brass ring

F. M ica strip
G . Thermocouple coil
H . Binding post
J . Thermocouple leads-

A Vw-'nch hole is drilled through the block and the brass ring 
to  perm it the entrance of a  thermocouple for measuring the tem ­
perature within the ring. A thermocouple is preferred to  a  th er­
mometer because of its much smaller heat capacity and its 
ability to  measure a much wider range of tem perature.
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C o p p e r-  constantan thermocouple 
wire, No. 30 B. & S. gage, has been 
used successfully. Since the e.m.f. is 
0.04 to  0.05 mv. per ° C., a  Leeds & 
N orthrup potentiom eter and galva­
nometer, with a  sensitivity of 0.015 
microampere per mm., is satisfactory 
for measurements good to  0.3° C. If 
two or three loops of the thermocouple 
wire are left w ithin the air space, con­
duction of heat along the wire is low 
enough so th a t standard calibration 
tables m ay be used. Otherwise, the 
calibration m ay run 2° to 3° C. lower 
than the reference tables a t 300 0 C.
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flat capillaries about 12 to 15 mm. long, supported on a wire coil 
of the thermocouple wrire, which in tu rn  rests on the surface of 
the upperm ost bottom  glass cover of the furnace (see diagrams).

To test the accuracy of the hot stage, melting points were de­
termined on the following:

Figure 3. Tempera­
ture Difference b e ­
tween Center of H o t  
Stage and  O th e r  Parts

Substance
Tin
Urea

Temperature, ° C. 
Observed Reported

231 .7  =*= 0 .3
132.7 =*=0.3

231 .9°
132.6

° National Bureau of Standards sample.

1 division — */is inch. 
Determined at 250° C.With this design, the air space within 

the brass ring can be m aintained a t 
tem peratures up to  350° C. w ith the
entire exterior of the block only faintly warm to the touch. More­
over, the heat capacity is sufficiently low so th a t a  small change in 
heat inpu t is reflected in a rapid adjustm ent of the tem perature 
to  its new value. The maximum rate of tem perature rise compat­
ible with maintenance of uniform tem perature w ithin the air

In  addition, phase changes in the system sodium nitrate-silver 
n itrate  were determined to see if the points a t the liquidus and 
solidus curves could be determined with accuracy. These results 
are:

M ole % Phase Temperature, ° C.
Sodium Nitrate Change Observed Reported (5)

0.00 Melting 2 0 8 .8  =*= 0 .3 2 08 .6
2 9 .9 Melting 217 .5  =*= 0 .3 217 .5

Freezing 235 .2  *= 0 .3 2 35 .0
100.00 Melting 308 .1  =*= 0 .3 308

In  some cases, where the sample is spread over

A . M Icroilldc on wire coil
B . Microscope stage
C . Fan shaft
D . Air-driven rotor
E. Fan blade
G . Brass anchor block
H . Pyrex disk
J . Thermocouple lead 
K . Glass disks

space is 1.5° to 2.0° C. per m inute. The tem perature gradient 
under such circumstances is illustrated in Figure 3, which was 
determined by using two reversed thermocouple junctions and a 
galvanometer sensitive to  0.1° C.

The tem perature rise is controlled by means of a variac and a 
12-ohm resistance, which is interposed in series between the fur­
nace and the variac. The mean spontaneous rate of cooling with 
the heating element turned off is 20 ° C. per m inute between 300 ° 
and 100° C., and 10° C. below 100° C.

The minimum distance from the microscope objective to  the 
center of the heated space is approximately 4.2 mm., which with 
the usual design of microscope makes feasible the use of a  16-mm. 
(10 X ) objective, so th a t a magnification of the order of 100- 
power can be readily obtained. For in term ittent observations 
the 0.125-inch Pyrex disk m ay be replaced by a '/» rinch  disk, 
perm itting the use of a  20 X objective. However, under such cir­
cumstances the heating ra te  should be below 0.7° to 1.0° C.^per 
m inute and the tem perature should not exceed 200° to  250° C. 
in order to  m aintain the tem perature homogeneity as indicated 
above.

The sample has to  be mounted on a  slide, cover slip, or other 
m ount th a t can be contained entirely w ithin the heated space. 
The field of view is adjusted entirely by moving the whole furnace 
about on the microscope stage. W ith a ro tating  stage, the fur­
nace can be fastened to  it, and moved w ith the adjustable spacers. 
The authors have been studying soap systems which m ust be 
protected from the air during heating and from vapor loss (7, 8, 
9). I t  has proved convenient to  contain such samples in sealed,
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a more or less circular area, the tem perature 
homogeneity m ay be insufficient for the most 
exacting work. To provide for such cases the 
authors have developed a modification of the 
furnace. The necessary changes in construction 
are indicated in Figure 4, and the tem perature 
distribution obtained is shown in Figure 5.

In  this modification the bottom  section is 1 
inch high. The brass ring is » /„  inch high and 
is wrapped w ith two turns of coiled Nicnrome 
wire instead of one, allowing for a heated space 
slightly greater than  0.5 inch in depth. Homo­
geneity is secured by 
the use of the stirrer 
blade, which is cut 
out from a piece of 
sheet copper, */u by 
5/ s  i n c h .  E i g h t  
blades are cut out as 
shown, and bent so 
as to  circulate the air 
across the air space.
T h e  P y r e x  d i s k  
should be cut to make 
a fairly tigh t fit in 

order to  prevent leakage. The shaft, 
made of Vsr-inch Bessemer steel rod, 
is silver-soldered to  the blade. The 
block and the brass ring are slotted 
to  receive the shaft, so th a t the blade 
clears the top disk by a t least V ,2 and 
preferably V » inch. The shaft is 
driven by an air motor (Aero-Mix,
Precision Scientific Co.) which is clamped by a  brass block directly 
to  the microscope stage, so th a t it  is moved integrally w ith it. The 
specimen is again supported on a  coil of the thermocouple wire, 
which is stiff enough to  be suspended as shown.

A C K N O W L E D G M E N T

The authors wish to  express their appreciation to  R. D. Void 
for his interest during the developm ent of this instrum ent.
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Figure 5. Tem pera­
ture Distribution with 
M o d i f ie d  H o t  Stage

1 division — V is Inch. 
Determined at 2 5 0° C.



A  V a r ia b le  Pressure M anostat
H U G H  B. D O N A H O E ,  ROBERT R. RUSSELL, a n d  

C A L V I N  A .  V a n d e r WERF 

University of  Kansas, Lawrence ,  Kan.

IT  IS  often convenient and sometimes necessary to  reproduce 
or vary the pressure on a given system. The diagram shows 

an arrangem ent by which pressures m ay readily bo se t a t  any 
desired value or varied continuously, between limits determined 
by the efficiency of the pump and the height of the m anostat, 
w ithout removing the m anostat from the vacuum  line or in ter­
rupting the progress of the distillation.

M ost vacuum  distillations are conducted within the range from 
1 to 250 mm. Any pressure w ithin th is range can easily be ob­
tained by using a  regulator of the Newman type (I ) and inserting 
into the system a  reservoir of mercury. Use of ethy l phthalate  
lim its the range bu t makes possible more delicate setting. The 
height, H, of the liquid in the m anostat can be changed m anually 
during a  distillation merely by adjustm ent of the reservoir (see 
diagram). A stopcock placed below the reservoir m ay be used to 
assure a  constant head after setting. T he entire assembly can be 
blown to order, b u t i t  is possible to make a very creditable model 
from a drying column.

Pressures above 250 mm . can be obtained by placing in  series 
w ith the m anostat described above two ordinary Newman 
regulators filled to  the 250-mm. level. If the stopcocks are set so 
th a t both these regulators are by-passed, the range will be as 
sta ted  above. W ith one tube cut in the range will be 250 to  500 
m m .; w ith both, 500 to  750 mm.

A . To pum p
B. To system

In  the authors’ opinion such an  apparatus provides a more in­
expensive and  convenient m ethod for checking boiling points a t 
the pressures recorded in  th e  literature than  any heretofore 
described. T he m anostat has proved especially useful in the 
fractional distillation of m ixtures when it  is advantageous to 
d istill the  various components under successively lower pres­
sures.
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Improved A d so rp t io n  V e s s e l
ROB ER T B. A N D E R S O N  

Central Experim ent Station, Bureau of M in e s ,  Pittsburgh, Pa.

I N T H E  study of metal-oxide catalysts such as used in the 
Fischcr-Tropsch process by low-temporature adsorption iso­

therms, it  is desirable to  reduce the catalyst in the adsorption 
vessel and to  determine the weight loss upon reduction. The 
adsorption vessel 
shown in Figure 1 
has proved conven­
ient in such studies.
I t  is small and light 
enough to be weighed 
in an analytical bal­
ance.

T he absorption 
vessel consists of a 
catalyst chamber and 
a  special four-way 
stopcock. The bores 
of the stopcock plug 
are arranged so th a t 
both are open in the 
position shown, while 
a t  an  angle of 180° 
from this position 
only the right bore 
iS open. T he stop­
cock plug is of hol­
low blown construc­
tion, and the diam­
eters of bores and 
capillary tubing arc 
2 mm. The cata­
lyst chamber is made 
ju s t large enough 
to accommodate the 
sample required, usu­
ally 1 to  2 cc. The 
cata lyst chamber is 
provided w ith a tube 
for charging and a 
thermocouple well.
The tubes leading to 
the stopcock contain
loosely packed wads of glass wool to  prevent the catalyst from 
blowing ou t of the chamber. The adsorption vessel is connected 
to  the adsorption or reduction systems by a  10/30 capillary f  
ground-glass joint.

W ith the four-way stopcock the  sample can be connected to  
the system for adsorption or evacuation w ith one bore open, and 
with both bores open a  stream  of hydrogen can be passed over 
the catalysts. The sample of catalyst usually is weighed in the 
adsorption vessel before the charge tube is sealed. After sealing 
all weighings are performed w ith the vessel evacuated. Fresh 
samples are evacuated for an  hour a t  125° C. to  remove w ater 
and other vapors th a t are held physically. The cata lyst chamber 
is placed in  a furnace in a  horizontal position to  avoid heating 
the stopcock.

Usually nitrogen adsorption isotherms a t —195° C.'were deter­
mined on the sample before and after reduction, and in some in­
stances several isotherms were run during the course of reduction. 
W ith th is adsorption vessel it  also will be possible to  study  the 
effects of treatm en t of the catalyst w ith gases other th an  hydro­
gen, such as synthesis gas or carbon monoxide, on the surface 
area and pore structure, and to  determ ine the weight loss of the ad­
sorbent upon evacuation.

A C K N O W L E D G M E N T

Acknowledgment is made to  M artin  Michael for preparation of 
th e  drawing. The special stopcock was made by Eck & Krebs.

P ublished by permission of the Director, Bureau of M ines, U . S. Depart­
ment of the Interior.

Figure 1
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Over a thousand polarographic studies 
have been published and a large num ­
ber of these contain detailed methods.
S-2930 I P O L A R O G R A P H —
Heyrovsky, American Model 
X I I ,  I n d i c a t i n g - R e c o r d ­
ing, W ith  C urrent Compen­
sator. Complete w ith  acces­
so rie s . F o r o p e ra t io n  fro m  
115 volts, A.C. 60 cycle cir­
cuits .............................S550.00
A b o o k le t d iscu ss in g  th e  
P o la ro g ra p h  an d  P o la ro ­
graphic analysis is available 
w ithout charge on request.

^Polarograph is the registered 
trade-mark o f E. H. Sargent & Co. 
for electrical analyzing apparatus.
N o  other manufacturer^ may use 
the name "Polarograph” for elec­
tr ica l a n a ly z in g  a p p aratu s, nor 
should the name "Polarograph 
be used by anyone except when  
referring to E. H. Sargent & Co. 
apparatus.

E . H . S A R G E N T  & C O M P A N Y  
155-145 E a s t  S u p e rio r  S t re e t  

Chicago 11, Illinois 
Michigan Division:

1959 E . Je ffe r so n . D e tro it  7 , M ich .

Principal reasons fo r the steadily 
expanding use of the Heyrovsky 
Polarograph are—
•  Accuracy
•  Rapidity
•  Sensitivity
•  Sim ultaneous determ inations of 

several components
•  D e te c tin g  an d  id e n t ify in g  m i­

nute quantities
•  Small sample requirem ents
•  Preservation of sample
•  Perm anent photographic record­

ing of each analysis
•  Elim ination of subjective errors 
V ersatility and directness o f analy­
sis w ith the Heyrovsky Polarograph 
have resulted in the developm ent of 
innum erable new  methods in a l­
most every field of research.
Typical applications of polarography are  
the analysis of—

Petroleum Pharmaceuticals
Brass Ferrous metals
Aluminum Explosives
Zinc and die east metals Paint and varnishes 
Rubber Organic chemicals
Food - Plastics
Beverages w h e re v e r  po lar-
H eavy chemicals o g ra p h ica lly  reducible
Dyes 
Drugs

constituen ts a re  encoun­
tered.

U S E  O F  C O U N T E R  C U R R E N T  C O M P E N S A T I O N  |

J C j e  C

f

1 B Í .  *

/ a

1 C a t  f u t í  
i s e a l e  d e  

J  11 e c t  i o  n , 
f  a f t e r  c o m - /  

/  A  p e n t a t l ó n  ( 
y  M  o f A an d  B. /

B efo re  C o m p e n sa tin g  fo r  
C o n s ti tu e n ts  A  a n d  B

C onstituent C is the clem en t to  b e  d e ­
term ined . b u t under the conditions illus­
t ra te d . th e  concen tra tions of constitu ­
en ts A and  B arc so large th a t  C ca n ­
not b e  m easured  a t  maximum sensitiv­
ity an d  accuracy.

A f te r  C o m p e n sa tin g  f o r '  
C o n s ti tu e n ts  A  a n d  B

This clearly  illu s tra tes  th e  im p o rtan t a d ­
v an tages  o f curren t co m p en sa tio n  .  . . 
constituen t C can now b e  m easured  
with m aximum accuracy  an d  w ithout 
th e  necessity  fo r tim e-consum ing chem ­
ica l rem oval o f constituen ts A an d  B.

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

M O D E L  X I I

Heyrovsky Polarograph*
in co rp o ra tes  co u nter cu rre n t com ­
p e n s a t io n  an d  im p ro v e d  c o rn e ra

IMMEDIATE DELIVERY



J144X — Exceptionally large capacity vac­
uum Distilling Apparatus. Now available 
from our stock in capacities up to, and 
including, 72 liters.

22 liter size...............................  $85.00 each
50 liter size................................ $100.00 each
72 liter size................................ $125.00 each

J444— N O -D R IP Waah bottle with plastic 
»crew cap closing to eliminate collection of 
dirt or dust on neck of bottle. Outlet tube 
is designed to eliminate dripping of liquid. 
Overflow is returned to bottle. Also available 
in Erlenmeyer shape.

now available in

J1035 —  N O -FLUD Reflux Condenser. A 
new type of reflux condenser so constructed 
that it  eliminates "slugging” or "flooding.” 
Available in all sizes from 20 to 90 cm. jacket 
lengths. The price for the 60 cm. jacket with 
a 2 4 /40  T joint is $12.00.

J1058 —  NO -FLU D  Distilling Column. A 
new type of distilling column with silvered 
vacuum jacket and honeycomb support for 
packing. Construction eliminates "slugging” 
or "flooding.” Available in all sizes from 30 to  
180 cm. The price for the 90 cm. column 
with 24 /40  T joint is $22 .00.

J1305— Exceptionally large capacity Re- ^  
flux D istilling Apparatus with easily re- -ft 
movable top. Now available from  our ^  
stock in  capacities up to, and including, ☆  
72 liters. Complete with clamps. $

22 liters. 
50 liters, 
72 liters

$75.00 each -fr 
*85.00 each *  

$ 100.00 each

Another star performer will be the new Sattler-Geyer Automatic Titration Apparatus for use with Karl Fischer reagent. 
It permits titrations in a completely closed system. See it at the Chemical Exposition Booth 218—219—220.
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H O S K I N S  P RODUCTS
ELECTRIC HEAT TREATIN G  FURN ACE* • • HEATING ELEMENT A LLO Y S • • TH ERM O CO UPLE ANO 

LEAD w ir e  • • PYROMETERS • • WELDING WIRE • • HEAT RESISTANT CASTINGS • • ENAMELING 

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

HOSKINS particular construction.

O This FD-204 furnace was designed, 
M r. Chemist, with your interests in 
mind.

© Easy to get at to fix . Loosen Chromel 
heating unit terminals, remove 4 
corner screws and front heat lifts off.

© One piece muffle around which coiled 
Chromel units are easily w rapped in 
groove.

Two heavy Chromel coils in paralle l, 
designed fo r one voltage only, pro­
vide most durable element.

M ake one renewal and be done with 
it. "A  chain is no stronger than its 
weakest link.”

A  delicately balanced sliding door, 
stays put in any position and thus 
conserves heat.

Insulation 4VV* thick a ll around. You 
fry  eggs on the top o f this 

Economical on power.

#  Hoskins Laboratory Furnaces are designed around no one 
feature but with all factors in proper balance to make them of 
most va lue  to you. These benefits are: durable Chromel elements 
. . .  hard to w ear out but easy  to renew; a relatively cool furnace  
case for comfort and economy; a furnace that delivers the goods 
month in and month out to your complete satisfaction. Buy from 
your dealer's stock . . . Hoskins Manufacturing Com panyf 
Detroit, Mich.

W e have a handy little gadget, called a 
Heating Unit Calculator, that tells how 
to make coiled Chromel units of 275 to 
1,000 watts. G lad  to give you one.

This shows the F D -2 0 4  assem bled . H ea ting  cham ber,  

73/s" X 5Va” X 74".
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SCHAAR & COMPANY
Complete Laboratory Equipment 

74  8 W. LEXINGTON STREET CHICAGO 7

Greater Accuracy in Absolute Units

HO EPPLER
V IS C O S IM E T E R •  A c c u r a t e

•  Rugged
•  L a w  p r i c e d
•  E a s y  to u s e
•  P o r t a b l e
•  D e p e n d a b l e
•  V e r s a t i l e

Absolute viscosity according 
to the Falling Ball Principle

2 4 21  / 9 —Lum etron Photoelectric C o lo rim e­
te r Model 400-A . W ith  e xte rn a l vo ltag e  
s ta b il iz e r , s ix  co lor filte rs  and tw e lv e  
c a re fu lly  selected and  m atched tubes. 
For 110 v o lt , 60 cyc le , ¿ i o n  n n  
A .C . current.............................................  $ I O U . U U

2 4 2 1 / 1 0 —Sam e a s  2 4 2 1 /9 , but w ith  v o lt­
ag e  s ta b ilize r m ounted in a  w ooden c a rry ­
ing  case  fo r e asy  ¿ 1 - 1 A  A A
p o rta b ility ..................................................  $ I O O . U U

2 4 2 1 / 8 —Sam e as  2 4 2 1 /9 , but w ith o u t 
s t a b i l i z e r ;  f o r  u s e  w h e r e  v o l t a g e  
flu c tu a tio n s  a re  a t a  ^ L l l O  
m in im um ................................................^ 1  I a * W W

FU LL IN FO R M A T IO N  O N  R EQ U EST

Series  400 m odels a v a i l ­
ab le  fo r D .C . lines or 
storage  b a tte rie s . A lso  Se­
ries  402E and  402EF fo r 
accurate  v ita m in  a n a ly s is , 
u ltra -v io le t ab so rp tion , f lu ­
o r e s c e n c e  m e a s u re m e n ts  
and g enera l co lorim etric  or 
tu rb id im etric  a n a ly s is .

A T  L A S T  here is an
ELECTRIC OVEN

M O D E R N L Y  D E SIG N E D  bu t  M O D E R A T E L Y  PRICED Basic im provem ents in design  and opera­
tion ach ieved  in Palo-M yers W ater S tills  
include  —

•  V ERTICAL CONDENSER . . . assures greater stability, 
easy release of gases and elimination of progens.

•  ECONOMY . . . is effected by tbe most efficient method 
of heat exchange because the water enters at the lowest 
and hottest point of condenser.

•  M U L T IPL E  BAFFLES . . . designed to prevent foaming 
and impurities entering condenser.

•  EA SIER  TO MOUNT . . . due to compact construction, 
requires limited amount of space or can be supported on 
wall bracket.

Regular sizes Y> to 10 Gallons per hour — Stills 100 Gallons 
per hour if desired.

In q u ir ie s  in v i te d —state capacity required per hour and 
method of heating.

O th e r P a lo -M y ers  a p p a ra tu s  a v a ila b le :
Particle size Pumps —  vacuum

measuring apparatus Thermometers
pH equipment Stirrers
Chemicals and solutions Ovens

for ASTM, AO AC, and* Electrolytic apparatus
APHA analyses Automatic burettes

Adjustable TEM PERATU RE C O N TR O L 
From 125° F to 350° F

Inside Dimensions 12" x 12" x 12"
One Shelf above Floor Shelf

Write for Catalog #100

NATIONAL APPLIAN CE CO
218 N. W. FLANDERS ST. 

PORTLAND 9, OREGON New York 7, N. Y,81 Reade Street
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P V R E X

“Pyrex" is a registered trade-mark an d  indicates manufacture by

C O R N IN G  GLASS W O R K S , C O R N IN G , N . Y .

B A L A N C E D  F O R  A L L -A R O U N D  U S E

b r a n d  L A B O R A T O R Y  G L A S S W A R E

I S H R
---------means—

Research in Gllass

In t e r io r  o f  e m p ty  ta n k  

thawing re fra cto ry  b lockt

•  A glass plant could not get along w ithout refractories. But sometimes it is 
pretty hard to get along w ith them.

O ne of the m ajor problem s in glass m aking has always been to develop a 
suitable m aterial to contain m olten glass at high tem peratures. T he m aterials 
used are of the type commonly called refractories and all have various degrees 
of solubility in the glass thereby in troducing  undesirable im purities that cause 
defects know n as stones, knots and cords.

T hat is why selection of p roper refractories at C orning is entrusted to a 
Glass Technology Departm ent. T his departm ent tests all kinds of refractories, 
specifies the proper type for glasses of different com position and checks 
perform ance in the many different tanks and furnaces.

M aintaining its ow n Pot and Clay D epartm ent, Glass Technology frequently 
makes its own refractories. O ne o f its outstanding achievements has been the 
developm ent of a special block for the m elting of “ Pyrex” Brand Chem ical 
Glass and other glasses requiring  extremely high tem peratures. T h is  new 
block is very effective in  safeguarding the quality of “ Pyrex” Brand W are by 
m inim izing undesirable im purities.

T he Glass Technology D epartm ent typifies the controls exercised th rough­
out C orning from research laboratories to sh ipping  room s. Quality is p ro ­
tected every step of the way. T he fam iliar “Pyrex” trade-m ark is your assurance 
of dependability. Consult your Laboratory Supply Dealer.
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when you need h ig h  tem p era tu re s :

The first Burrell furnace was designed to  provide the 
high tem peratures required in the analysis of alloy 
steels. Through years of continuous engineering de­
velopment the Burrell line has expanded until, today, 
it includes tube, box, muffle and pit furnaces for 
chemical and metallurgical investigations up to  2650°F.

Now Burrell announces the “Unit-Package” tube 
furnace tha t retains all the fundamental features proved 
over the years, and, in addition, includes many refine­
ments of design th a t contribute to even greater safety, 
lower maintenance and longer life when operated 
a t 2650°F.

•  The furnace body is constructed of high-temperature 
laminated insulating refractory for maximum strength, 
stability and heat retention.

•  All electrical equipment is fitted to maximum heating 
requirements of the furnace.

•  The large-diameter matched heating elements are 
built with an extra measure of tem perature safety.

These are just a few of the m any features th a t provide 
extra protection at high temperatures. They give you 
the assurance th a t Burrell furnaces will come through 
when the going gets tough.

Complete inforviation on these Burrell “Unit- 
Package” models is given in  Bulletin 459. For 
your copy, write to Burrell Technical Supply  
Co., 1936-42 Fifth Avenue, Pittsburgh 19, Pa.
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Oj I v, r e c o r d  a few random  thoughts on analytical spec- 
troscopy th is time. They are inspired prim arily by two 

excellent papers, bu t also by some opinions which we have held 
for some tim e and, in which, circumstances perm it us to  do 
nothing more than  talk  about them.

A n a ly tic a l S fie c & io ic a fiy

I t  has been recognized for some time th a t in routine, repeti­
tive spectrographic analysis, the  photographic technique, with 
its a ttendan t complications and the need for a good densitometer, 
will soon be replaced by more direct methods. By no means the 
first a ttem p t in this direction is the work of G. A. Nahstoll and 
F. It. B ryan of the Ford M otor Co., who report on “ An Applica­
tion of M ultiplier Phototubes to  the Spectrochcmical Analysis 
of Magnesium Alloy” [ / .  Optical Soc. Am ., 35, 646 (1945) ].

An RCA 1P28 photom ultiplier tube is used to  scan a refer­
ence line of the m atrix element. Another identical tube is suit­
ably located to intercept an appropriate line of the desired con­
stituent. The ratio  of phototube outputs is measured w ith a 
vacuum tube voltm eter, the scale of which is calibrated directly 
in concentration units. The authors have indicated some of the 
difficulties; in particular, the need for integration over a  period 
of tim e to  compensate for source fluctuations. Nevertheless, the 
arrangement has served their im m ediate purpose and for deter­
mining Al, Si, Cu, Ni, Zn, M n, Pb, and Fe they state  th a t one 
operator is able to  make 80 determ inations per hour, and two 
operators can handle 100.

The second paper is the m ost impressive account we have 
ever seen on th is subject. J. L. Sanderson, V. J. Caldecourt,, 
and E. W. Peterson of the Dow Chemical Co. describe A Photo­
electric Instrum ent for D irect Spectrochenncal Analysis [A 
Optical Soc. A m ., 35, 681 (1945)]. Here, the same problem is 
studied exhaustively and developed into a  completely mechanized 
installation handling 4000 samples per month or approximately 
20,000 determ inations. I t  has been in operation for one year 
and uses nontechnical personnel. .

As m any as ten  photom ultiplier tubes, along w ith a m onitoung 
tube, are m ounted behind exit slits in a  grating spectrograph. 
Each tube receives a carefully selected line of the desired constit­
uent. The slit system will adm it a line plus background radi­
ation, or in a magnetically controlled second position, the back­
ground alone. In  the first of these two positions, the tube charges 
a capacitor a t a  ra te  depending upon the intensity of line and 
background. In  the second position, the same capacitor is dis­
charged by the same tube, now illum inated by background °my- 
The charging and discharging cycles are each of 1-second dura­
tion, and the to ta l sample-sparking tim e is 20 seconds. At tne 
end of this period, the capacitor is discharged through a resistor. 
The same process has been taking place in the monitoring tube. 
From the exponential nature of the R C  combination, the time 
required for discharge to  some convenient reference voltage is 
proportional to  the logarithm  of the original light intensity. 
The difference in tim e required for measuring and monitoring 
systems to discharge is autom atically recorded on a strip  chart. 
All the other determ inations are proceeding simultaneously 
using duplicate parts. T his ingenious scheme provides integra­
tion which minimizes source fluctuations and also corrects for 
background. In  40 seconds, the results can be read from the 
chart lines w ith the aid of photoprojected calibration scales. 
For small am ounts of constituents, the precision is_ comparable 
to the photographic process; for larger am ounts, it  is somewhat 
better. Technical vision and competence, adequate funds, and 
sympathetic research adm inistration seem to be an invincible 
combination! We hope you will read this paper for full detail.

tcanodcape and, 6> itlucan
As to random  thoughts—we would like to nom inate the icono­

scope and orthicon for the consideration of spectrographers.

V

These image-forming tubes should be very useful. Before the 
war, w ith the help of able colleagues, we whirled a spectrum 
across a  stationary slit, behind which a photocell was placed. 
A video amplifier presented the inform ation to a  cathode-ray 
oscillograph. Proper sweep synchronization provided a hori­
zontal wave-length axis and further refinements furnished a 
more or less equal energy response to  different wave lengths. The 
result was a fairly good’spectrophotom eter, or a  densitom eter if 
wo were scanning a spectrogram w ith w hite light, and a combined 
spectrograph-densitometer. The entire pa ttern  was repeated 
on the screen several times per second. I t  was obvious th a t the 
mechanical scanning should be replaced by an  iconoscope, 
wherein the spectrum  is projected on the mosaic and then scanned 
electronically. The speed and resolution would be m uch greater. 
College research budgets have a  hab it of folding up a t  such junc­
tures. We hope some one else will do it. I t  is w orthy of note 
th a t the iconoscope mosaic has storage or integrating properties.

A n a ly tic a l S p e c b io A c O fiy  

u u tU a u t a  S p a c tw A c c y ie .?

These are technical improvements and applications of well- 
known principles. We now venture to  raise the question, “ Is 
‘analytical spectroscopy w ithout a  spectroscope' a  completely 
ambiguous statem ent?” We think it  is not. There are several 
phenomena which are w orthy of careful study and which m ay 
ultim ately furnish the equivalent information. The m ost im­
portan t of these, w'e believe, is a detailed stud}' of the electrical 
and optical behavior of arcs.

The electrical excitation of atom s in the vapor of an arc is a 
stepwise phenomenon, governed by well-known quantum  prin­
ciples. Under ideal conditions, critical potentials are easily de­
termined for the various energy levels and these are unmistakably 
related to  the optical frequencies which follow such transitions. 
The large mass of da ta  which has been accum ulated on critical 
potentials was obtained under conditions of constant low pressure 
of m etal vapor and w ith elaborate means for accelerating elec­
trons through it. By comparison, an  open arc is a very ragged 
and erratic affair. Nevertheless it  should be possible to  learn a 
great deal by scanning an  A.C. arc w ith a photocell and observing 
the light emission a t  microsecond intervals during, let us say, the 
first quarter or fifth of an excitation cycle. Electronic techniques 
for such short-term  scanning are abundant. By one of them , it 
is possible to switch or “gate” the m easuring amplifiers to any 
specified tim e interval after the beginning of a cycle. I t  is equally 
feasible to render the scanning process insensitive to  the bulk 
constituents of the arc, by operating another arc in series, or at 
least in  phase. The optical responses common to both are then 
fed to a  coincidence circuit which initiates proper blanking of the 
measuring amplifier. We make no specific claims for the u tility  
of w'hat m ay be found in such investigations, bu t w'e do 
know th a t the technique for the “ leisurely” examination of an 
arc during the first few thousandths of a  second of its life is at 
hand. Wo would be surprised if i t  were no t a t least interesting.

We hasten, a t  this point, to m eet one valid objection to  these 
suggestions. One might justly  ask, “Is it  not true, th a t  after all 
the technical difficulties are surm ounted, th e  critical potential 
d a ta  will be disappointingly meager, compared with the wealth 
of spectral lines which are observable in the conventional spec­
troscopic technique?” While intercom bination term s can be 
detected, especially w ith the Franck and Einsporn method, it  is 
true  th a t the successive stages of critical im pacts which can be 
revealed are meager compared w ith the m any optical frequencies 
to  which they give rise, directly or indirectly. From  th e  ana­
lyst’s point of view, th is m ay tu rn  out to  be of little  consequence, 
because he discards most of the spectrum  in any case, and derives 
the essential information from one or two characteristic lines. 
By the same token, there is little  of interest in these suggestions 
to  the spectroscopist concerned only w ith hyperfine structure, 
Zeeman patterns, or isotope shifts.

25
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K l e t t . . . .
P hotom eters

K lett- SummesU&n

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 he se n s it iv ity  a n d  s t a ­
b il ity  are su c h  th 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 sm a ll  a m o u n ts  

of th e se  su b s ta n c e s .

•

J ■ L
KLETT SCIENTIFIC PRODUCTS—

ELECTROPHORESIS APPARATUS • BIO-COLORIMETERS 
GLASS ABSORPTION CELLS •  COLORIMETER NEPHELOM. 
ETERS •  GLASS STANDARDS •  KLETT REAGENTS

■

Manufacturing 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.

K lett

M o A l S flB ctA fX jA X lyp tt

One cannot dismiss the subject of critical potentials, and the 
need for re-examining them w ith the newer electronic techniques, 
w ithout mentioning the mass spectrograph. Lest it  be con­
sidered presumptuous to  criticize a  half-century of development 
in this field, we know th a t the w artim e services of the mass 
spectrograph, especially in the synthetic rubber field, have 
given i t  a  degree of im m unity sufficient to  w ithstand any crude, 
though well intended reforms. I t  m ust be adm itted th a t when 
complex organic molecules are adm itted to  the system and bom­
barded by electrons, we m ust look hopefully a t the exit slit 
for the debris which will be hustled there by electrostatic and 
magnetic deflection, and by empirical calibration, relate the frag­
m ents to  th a t which was originally placed in the hopper. W ith 
monatomic or diatomic species the whole thing is straightforw ard, 
b u t when we deal w ith large molecules one cannot escape the feel­
ing th a t it is similar to training a  howitzer on a cathedral and then 
calling in an architect to  view the rubble and to describe the 
original structure. Therefore, we ask again, is it w orth while to  
examine the original processes, the bom bardm ent of the mole­
cules, in great detail? We are aware th a t the early studies on 
even fairly simple molecules showed critical potentials which 
were notoriously monotonous and uninformative. Is there 
more to  be found by better techniques? Perhaps we m ay be 
told by someone who knows better, th a t quantum  mechanical 
considerations require th a t a  molecule of any considerable com­
plexity simply acquires a minimum am ount of energy from 
im pacting electrons, w ith no sharp or specific requirem ents, and 
then, in a frenzy, flies apart into assorted fragments. We would 
really like to  know w hat goes on.

Further inquiry into the phenomenon of self-absorption should 
be profitable. Atoms in the vapor of an arc are in  excited states, 
several of which are opaque to  monochromatic radiation of the 
correct frequency. I t  is conceivable th a t this absorption could 
be measured by light from another arc. In  this case the analyzing 
beam would be chopped or interrupted a t  high frequency and then 
differentially measured, after passage through the arc, by a  photo­
cell and tuned amplifier.

There seems to  be some promise in the measurem ent of the 
velocity of photoelectrons. According to  E instein’s law Ve =  
hv — hv0, the velocity of a  photoelectron is directly proportional 
to  the frequency and independent of the intensity. The photo­
electric cutoff for monochromatic radiation is particularly sharp 
and distinct for central-cathode cells, because they exhibit satura­
tion a t  zero applied potential. All this has been known for many 
years, bu t recently RCA investigators have reported some 
success in applying the principle in tins manner.

M a lt
M etU odl o f A n a l/fU l B y-P locbuU l?

These random reflections pose a more general question, “Is i t  
no t true  th a t most of our instrum ental methods of analysis have 
been by-products of some other problem or technique?” T h a t is 
debatable in the case of spectroscopy, because Bunsen and K ir- 
choff discovered two new alkali m etals soon after they  devised th e  
spectroscope; b u t the m any exciting applications to  physics and 
astronom y obscured th is use of the instrum ent for several decades. 
M ost of our electrom etric techniques follow the pattern  in which 
the analytically useful aspects were gradually recognized, bu t 
their wide acceptance required m any years. Polarography would 
seem to be another exception, in th a t its analytical significance- 
was quickly perceived by its inventor. Is it  no t high tim e th a t 
we begin an intensive re-examination of all physical and chemical 
phenomena for their analytical possibilities and w ith the latest 
techniques?

A fter which—we extend a  broad apology to  m anufacturers of 
spectrographs who are constantly  im proving their instrum ents 
and are providing us w ith precision tools. T o the spectrographer 
we bow twice, because his unrem itting labor and^ care have- 
brought analytical spectroscopy to  the point where it  performs 
a large p a rt of the world’s analysis—w ith speed and precision.. 
B u t there is the future—and we were ju s t wondering, th a t s all.



It was ten  years ago th a t we first in tro ­

duced  o u r  im proved  p la tin u m  lab o ra ­

to ry  w are. At th a t tim e, o u r research  lab ­

o ra to ries had  com pleted  developm ent of 

a new m etallu rg ica l process w hereby the 

cause o f m ost of th e  crack ing  th a t occurs 

in  crucibles, d u rin g  use, can be  elim i­

n a ted  and  by th is  m eans we have been 

able g reatly  to p ro lo n g  the  usefu l life  
o f  B ak er Crucibles.

Since th a t  tim e, we have had  no  com ­

p la in ts  o f ru p tu re  o r  crack ing  fro m  this 

cause.

S end fo r  th e  new ed ition  of Data Con­

cerning  P la tinum . I t  contains u p  to  date 

in fo rm a tio n  ab o u t p la tin u m  labora to ry  

w are to g eth er w ith revised tables tha t 

will he  very  usefu l to you.
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Coors P orcelain Co m pa n y
GOLDEN. COLORADO

L A B O R A T O R I E S

•  Step less heat c o n t r o l ,  
instead  o f the u su a l 
three-heat sw itch .

•  A c c u r a t e  tem perature  
contro l o ve r the entire  
su rface .

•  1 1 0 - 9 5 0  °  F r a n g e  — 
both h igher and  lo w er 
than is  u su a lly  a v a i l ­

a b le .
•  M o d e r n ,  stre am lin ed , 

e asy  to c lean .
•  H ighest q u a l i t y  m ate­

r ia ls  and  w o rkm an sh ip  
th roughout.

•  Cho ice  o f th ree  s izes.

NONFADING
GLASS COLOR
S STANDARDS

LINDBERG 
HOT PLATES

w ith  STEPLESS 
Tem perature Control

5690/5
H-1 

10x12"  
1000  

110 or 2 2 0  v. 
60  cycle , A .C  

$50.00

5 6 90/10
H-2 

12 x2 0"  
20 00  

110 or 22 0  v. 
6 0  cycle , A .C . 

$75.00

S690/15
H-3

12x30"
30 00

220 v.
60 cycle , A .C  

$100.00

C a t . No.
M odel
S ize
W atts
C urren t

Permanent reliability of Heilige G lass Color Stand­
ards, accuracy of color comparison, simplicity of the 
technique, and compactness of the apparatus are 
exclusive features of Heilige Comparators not found 
in any similar outfits.

WRITE FOR BULLETIN No. 602

I N C O R P O  R A T  E  D

3718 NORTHERN BLVD.. LONG ISLAND C I T Y  I. N.Y.

DYNAMOMETER STRAIN-GAGE
A  V ersatile  Instrument for Laboratory and Plant

Research men will visualize possibilities inherent in this electrical 
instrument for remote indicating and recording of DISPLACEMENT 
& FORCE in experim ental work.
Displacements can be measured over a range of =>=0.0015" to 
±0.000008' and four models have full scale force ranges of 4, 8, 16, 
& 48 oz. Input is 3 to 20 v. DC and full scale output of any model is 
150jmicroamperes. Size: 114." X 1 T i'  X 2 '.  Weight: 31=2 oz.
Statham also makes equally compact and sensitive Pressure Trans­
mitters with full scale ranges from JX' HjO to tons/in .1. Likewise, 

A ccelerom eters from 1 G to 25,000 G full scale. 
O ur Engineering Department will gladly make 

I  1 _ _ _  suggestions on specific applications fo solve
^  | |  your problems.

i M i m  INSTRUMENT MAKERS

8 2 2 2  Beverly Blvd., Los A n g e le s  3 6 ,  California
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M ercury vapor from spilled droplets of 
m ercury  h id d en  in  crev ices throughout the 
laboratory  m ay over a period  of time reach  
the  toxic concentration  point and  be in ­
jurious to the health  of the laboratory 
workers. The toxic limit for continual 
b rea th in g  as estab lished  by the A m erican 
S tandards A ssociation (Report Z 37.8- 
1943) is 1.3 parts of m ercury  vapor in  100 
m illion parts of air by volume. By d e ter­
m ining the concentration  of m ercury 
vapor in  the  air p recautions can  be  taken 
to keep the m ercury-vapor concentration 
below  the harm ful lim it and  safeguard  the 
hea lth  of workers exposed to the vapor.

No. 20150 M ercury-V apor D etector util­
izes a chem ical m ethod for detecting  as 
little as seven parts of m ercury  in  100 mil­
lion parts of a ir in  one hour. In six hours 
the apparatus will ind icate  that the toxic 

■ limit has b een  reached . The apparatus 
consists of a tru n ca ted  cone w hich acts as 
an  air chim ney m ounted on a suitable 
stand. A  reasonably  constant tem perature 
and  an  upw ard  flow of air through the cone 
are  provided  by a 25-watt red  M azda lam p 
in the base of the cone. Fastened to the 
top of this chim ney is a curved  p ap er 
holder, past w hich the upw ard  a ir draft 
m ust flow. The holder accom m odates 
strips of selenium -sulfide-sensitized paper 
]/§ inch  w ide by 2 inches long. A cross­
draft elim inator, in  the form of a cylinder 
m ounted around  the holder, is provided to 
p reven t air o ther th an  that from the chim ­
ney from striking the paper.

A  ca lib ra ted  color chart with a horizon­
tal scale of six shades of gray  for m atching 
with the exposed paper, and  a  vertical

scale for ind icating  the concen­
tration of m ercury  vapor in 
parts p e r 100 million parts of 
air are provided  with each  in ­
strum ent. W hen the sensitive 
p ap er has been  exposed for the 
req u ired  leng th  of time, its 
color is m atched with the n ea r­
est of the six shades on the hori­
zontal scale w hich indicates the 
various concentrations of -mer­
cury  vapor.

An exposure of only one hour 
is recom m ended (A.S.A.), 
though this short exposure will 
not detect concentration  less 
than seven parts of m ercury  p er 
100 million parts of air. D etec­
tion of the toxic limit (1.3 parts 
per 100 million) requ ires about 
six hours.

No. 20150 Mercury-Vapor Detector is designed lor operation on 
115 volts. P rice ............................................................................... 550.00

CENTRAL SCIENTIFIC COMPANY
S C I E N T I F I C
IN S T R U M EN T S

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

N E W  Y O R K  T O R O N T O  CH ICAGO  B O S T O N  S A N  FR A N C IS C O



THE A M E R I C A N  P L A T I N U M  W O R K S
231 NEW JERSEY R.R. AVE., NEWARK 5, N. J.

PREC/OUS M ETALS  S IN CE 1875

PRECISION DISPENSING  
B A L A N C E S  

at extremely low prices !
A lim ited quantity of h igh  g rad e  p re ­
cision D ispensing Balances, m ade to 
rigid governm ent specifications for the 
U. S. Army is now available. W hile 
they last, we are  shipping them  on 
receip t of your order. H oused in  a 
highly polished hardw ood case, the 
Balances a re  com plete with a set of 
Brass weights —  1000 gram s to 10 mg. 
C apacity  10 lbs., with sensitivity of }Ą 
gram, these Balances are exceptionally 
good values. Pan d iam eter is 9".

N O W  O N L Y  $ 3 7 . ^

BALANCE REPAIRS MADE.
ESTIMATE FURNISHED ON REQUEST.

A. D A I G G E R  & COMPANY
Laboratory Supplies and Chemicals 

.159 W. K inzle S treet C hicago 10, III.

Vol. 18, No. 2

L U M E T R O N
PHOTOELECTRIC COLORIMETER MOD. 402-E

A  highly sensitive Instrument covering an unusually  wide
Field of applica tion .

•  D es igned  for use with filters isolating narrow spectral 
bands .  1 6  m onochrom atic  filters available.

•  G re a t  variety of sample holders  Including tes t  tubes ,  micro­
cells,  absorp tion  cells up  to 1 5 0  mm light path.

•  L in e -o p e ra ted ,  high stabil ity and  reproduc ib il i ty  d u e  to 
use of b a la n c e d  pho toce l l  circuit.

•  A p p l i c a b l e  with accessories to  fluorescence,  ultraviolet 
abso rp t ion ,  scattering effect , haze ,  reflection of  o p a q u e  
l iquids, pow ders ,  pas tes , solids.

W ri te  for  1 5 -p a g e  bu lle t in .

PHOTOVOLT CORPORATION
95 M ad ison  A srenue N ew  York 16, N . Y...
Colorimeters ,  F luorescence  M e te rs ,  Reflection M eters ,
G lossm eters ,  Densitometers ,  Sm okemeters ,  Photometers



W I L L  C O R P O R A T I O N
BUFFALO APPA RA TU S CORP., BUFFALO 5, N . Y.ROCHESTER 3 , N . Y.

NEW YORK 12, N . Y .

C apacity—2 0 0  gram s on each p a n  
S ensitiv ity—1120 Mg. w ith  fu l l  load

AVAILABLE FROM STOCK 
FOR IMMEDIATE DELIVERY
These SeKo Analytical Balances are  well suited to 
work in  industrial and  educational laboratories w hich 
requ ire  h igh  accuracy  coupled with m oderate price. 
They a re  ruggedly  built and  attractive in  appearance.

S p e c if ic a tio n s

C a p a c ity — 200 Gms. on each  pan

S e n s it iv ity — Vso Mg. with full load
B e a m — 63^ in. (16.5 cm.) long, saw ed from special 

alum inum  of g rea t tensile strength  and  uniform 
density.

K n ife  E d g es—Agate, large triangular shape.

B ea r in g s—A gate planes. All knife edges are en­
tirely free from the bearings, w hen the balance is 
arrested.

R e le a s in g  M e c h a n is m —Fallaway type, with three 
point suspension for beam . Controlled by an  ec­
centric shaft w hich is positive and effective.

P a n s—Aluminum, 2J/£ in. (6.4 cm. diameter)

B o w s—Nickel silver, 4 ]/g  in. w ide X 8 in. high in ­
side. (10.5 X 20 cm.) pan  A rrest— independent, 
with locking stop.

In d e x  P la te — W hite field with b lack graduations. 
Of the double type. Pointer swings above g rad u a­
tions, thus avoiding parallax.

C olu m n —Brass, polished an d  acid resisting la c ­
quered.

C ase— Dimensions overall, 16J/2 in. long, 9 Hi in. 
deep, 18J^ in. high. (42 X  24 X  48 cm.). Sea­
soned polished m ahogany, with glass sides and  top, 
front sliding door counterpoised, re a r door sliding 
and  removable. W ith circu lar allway level and  
leveling screws. Black glass base plate.

1820—SeK o ANALYTICAL BALANCE, R ider T y p e . Beam 
graduated in  black, 50 divisions each side from center. 
Used with 5 Mg. Rider, each division equivalent to t/io 
M g ......................................................................................5162.50

1823—SeK o ANALYTICAL BALANCE, w ith  C hain D ev ice  
an d  C hann el N otch ed  B ea m . Specifications same as 
for No. 1820 but with chain device and notched beam so 
that no loose weights are required  for weighings from 
'/io Mg to 1.1 G m .......................................................... 5237.50

Note: M agn etic  D am per for above  B alan ces can be  su p p lied  for $18 .7 5
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«  MAKE 
' ACCURATE 

SULFUR 
it  ANALYSES

A s ieM E l t S I L  CO M PANY Inc.
CHESTNUT AVENUE

: N G E L H A R D
HILLSIDE 5, N. J.

AM ERSIL *  A N N E A L E D  S I L I C A

I

CUT COSTS WITH

W hether you are runn ing  a high tem perature chem i­
cal reaction, collecting hot corrosive liquids, o r re­
fining or sintering metals, Amersil annealed silica 
equipm ent w ill give you a pu rer product. N on­
porosity, high electrical resistivity a t all tem peratures, 
and the ability to w ithstand severe therm al shock 
are additional characteristics w hich make Amersil 
w are unique.
T he properties and applications o f Amersil annealed 
silica are such that they w arran t your investigation.

Send for the Amersil Catalog and get the details.
•Trade  Nam e Reg istered

SAVE TIME 
and MATERIALS

w ith  th e

LABORATORY HOMOGENIZER
•  Homogenizes instantly, w ith 
permanent suspension, if  ingre- 
dient-ratio is sound. Quick, sim­
ple, professional method of lab ­
oratory émulsification. Better 
results obtained are illustrated 
in microphotos above.

Easy to operate—merely place 
batch in bowl (capacity 1 to 10 
ounces) and press hand lever. A

jet o f  perfectly emulsified liquid 
is ejected. Quickly cleaned.

S tro n g ly  m ade o f  m olded  
aluminum; stainless steel piston. 
Height, 10Vi inches. Available 
for immediate shipment from pre­
war stock ! Only $6.50 complete 
—order direct or from your lab­
oratory supply house. Satisfac­
tion Guaranteed.

HAND

H0 M 0 GEMZEÜ
IN T E R N A T IO N A L  E M U L S IF IE R S , IN C .

2 4 0 1  S u r r e y  C o u r t ,  C h ic a g o ,  III.C ity____ State.

AN A.R.L. « DIETERT DETERMINATOR

HARRY W. DIETERT CO. APPLIED RESEARCH LABORATORIES
9330 Roselawn Ave. or 4336 San Fernando Rd.
Detroit 4, Mich. Glendale 4, Calif.

P le a s e  s e n d  m e  y o u r  d e s c r ip t iv e  b ro c h u r e  d e s c r ib in g  th e  2  M in u te  
S u l fu r  D e te rm in a to r .

W it h  H a n d  
H o m o g e n iz e r

W i t h  M o r t a r  
a n d  P e s t le

T h e  A. R . L . ♦  D IE T E R T  Sulfur D e te rm in a to r will 
give you an  accurate  sulfur analysis o f irons, alloy steels 
and o th er ferrous o r non-ferrous m ateria ls in  only 2 m in ­
utes a fte r th e  sam ple  is w eighed. You can  cu t costs and 
save valuab le  m an hours. C a lib ra ted  to  read  sulfur pe r­
centages from  0 .0%  to  0 .39% . A ccurate  to  p lus or m inus 
tw o po in ts in  th ird  decim al place. U sed by leading m anu­

facturers. Ju s t  c lip  th e  a tta ch ed  cou­
pon and m ail to  us to d ay  for com plete 
details . P ro m p t delivery.
The Varitemp Combustion Furnace
is o u tstand ing  in  value and perform ­
ance. I t  is recom m ended  for use w ith 
th e  2 M in u te  S u lfur D e term in a to r. 
C ontained  w ith in  th e  single u n it are 
furnace, transform er, py rom eter, oxy­
gen valve, voltage sw itches and pow er 
sw itch. O p eratin g  te m p e ra tu re  range 
up  to  2750 degrees F .
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Milk chest (cold storage room) from which H. P. Hood & Sons, Boston, ship their 
A and B milks. Chest temperature is remotely recorded by Micromax instrument; 
fixture indicated by arrow is Recorder’s temperature-detecting Thermohm.

How M I C R O M A X  Saves Steps In 
H. P. Hood &  Sons Power Plant

“I t  saves us a thousand steps an hour,” says the chief engineer 
of H . P. Hood & Sons, referring to the Micromax Recorder which 
charts tem peratures of storage chests in the milk plant.

Formerly, when mercury or spirit thermometers were used for 
tem perature checks, much time and effort went into the continuous 
trek from chest to chest. Even so, engineers had only an inter­
m ittent guide to correct refrigeration.

Now, the Micromax Recorder, located right in the power plant, 
gives an accurate record for all chests, so th a t off-temperature is a 
thing of the past. Thus stocks are safer, because tem perature can 
be kept more strictly within limits. Fuel is saved, since there is 
no longer any need to  over-refrigerate.

The Recorder used is a multiple point instrum ent, capable o fre- 
cording as m any as 16 readings, for near or distant chests, t he 
Thermohms (electrical resistance thermometers) which do_ the 
detecting, are ideal for “ low” tem peratures, retaining sensitivity 
and requiring 'minimum maintenance under any refrigerating 
conditions. I f  damaged, a Thermohm or its leadwire can be re­
placed without affecting the instrum ent’s calibration.

Bring your refrigerating-temperature problem to the attention 
of our engineers, or if you prefer, request Catalog JN-33L,.

“Hood” power-plant engineer logs temperatures 
of milk chests, reading the multiple point record 
kept by the Micromax Recorder. Installed in 
the plant’s powerhouse, Recorder is conveniently 
located within 25 ft. of valves, making prompt, 
exact control possible.

Jr! Ad N-33C(9)

L E E D S  &. N O RTH RU P COMPANY, 4920 STENTON AVE., P H IL A . ,  PA.

& NORTHRUP
MEASURING INSTRUM ENTS T E L E M E T E R S A UTOM ATIC CO N TRO LS H EA T-TR EA TIN G  FU RN ACES
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Th is instrument retains 
all of the advantages 
of the well established 
Hercules method without 
any of its disadvantages. 
Range extended to cover 
from 75 to 1,000,000 
centipoises Constant tem­
perature jacket built-in. 
Automatic timer can bo 
furnished upon request. 
Write for bulletin No. 451.

U. S. PATENT NO 2 ,25 2 ,572  LICENSED 
UNDER HERCULES POWDER CO  PATENTS

337 CENTRAL AVEt. 
JERSEY CITY 7, N. J.

WABASH LABORATORY PRESS
W hen research , d e ­

velopment, and  testing 
is requ ired  —  The W a­
bash H ydraulic Labora­
tory Presses a re  a time 
saving and tim e proven 
aid to the laboratory.

It has m any uses such 
as lam ination, fabrica­
tion, small scale pro­
duction, control and  ex­
perim ental work on 
plastic molding, testing 

' of m aterials and  m any 
others in  the laboratory.

Furnished in  3, 5, 12, 
20, 30 and 50 Ton Units —  Electrically heated  
Platens, Therm ostatically C ontrolled T em pera­
tu re  up to 600°F., Sturdy Pressure G age, Con­
stant Tem perature Indicator and  m any other 
features.

W rite for L itera tu re

LABORATORY SPECIALTIES, INC.
144 SO. W A3ASH ST. W ABASH, IN D.

A tycuit Ôp.&iatUwf ^bua-£ecd ßump.
THE IDEAL FO RE-PU M P 

for diffusion and molecular 
drag pum ps— also for 

vacuum distillation

N o. 1403-B

Cat. No. 1403 Duo-Seal Vacuum 
Pum p................................  5100.00

Cat. N o. 1403-B With H  H.P. 110 
Volt A.C. Motor mounted on 
B ase  ....................$145.00

No other vacuum pump 
can offer you

A LL T H E S E  F E A T U R E S

VACUUM GUARANTEED
0.005 mm Hg, or 5 microns.

FREE AIR CAPACITY
1700 ml per second (102 liters per minute) 
— 510 ml per second at 5 microns.

OPERATES AT 375 R .P .M .
with two sweeps per revolution 
Moving Parts Last Longer

ONLY 1400 m l (3 p in ts) OIL REQUIRED
Never "backs up"
Low O perating Cost

W. M. Welch Scientific C om pany
ISIS Sedgwick S treet Dept. A Established 1880 C hicago 10, Illinois, U.S.A.

W rite lo r  
com plete  
circular.
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G L A S S  A B S O R P T I O N  C E L L S
O F  F I N E  Q U A L I T Y

Fused in an electric furnace with cement 
that is acid, alkali and solvent resistant.

Optical Flat Walls. Many stock sizes are 

available. Special sizes made to order.Sole manufacturer In the 
★  U n ite d  S ta te s  of fused ★  

E l e c t r o p h o r e s i s  Cel l s .

M a kers o l com plete  
Electrophoresis Apparatus

 KLETT SCIENTIFIC PRO D U CTS-------
KLETT-SUMMERSON PHOTOELECTRIC COLORIMETERS • 
COLORIMETERS • NEPHELOMETERS • FLUORIMETERS • BIO­
COLORIMETERS • COMPARATORS • ELECTROPHORESIS 
APPARATUS • GLASS STANDARDS • GLASS CELLS • 

KLETT REAGENTS

MANUFACTURING CO., 177 East 87th Street, New York, N . Y

ENCYCLOPEDIA OF 
CHEMICAL REACTIONS

b y  C. A . J a co b so n , P h .D .
Professor of Chemistry, W est V irginia University 

M organtown, W est V irginia

a n d  s ix te e n  a sso c ia te s

To be published in  five volum es
V o lu m e I. A lu m in u m , A n tim o n y, 

A rsen ic, B ariu m , B erylliu m , 
B ism u th , Boron, B rom ine

800 P ag es  $10.00

This is the first volume of a series containing 
practically  all published chem ical reactions 
briefly described  and  given in  equation form. 
There are 3,000 entries in  Volume one. The 
rem aining volumes will be  published during the 
next two years. The value of this m onum ental 
work is ind icated  by the fact that 116 chemists 
thought well enough of the project to contribute 
the reactions for its completion. Many leaders 
of the chem ical profession have expressed their 
enthusiastic approval. Of vital im portance to all 
research  chemists and  technical libraries.

Reinhold PublishingCorp. 330 West 42nd Street 
New York 18, N. Y.
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Setting the Pace in Chemical Purity Since Ï 882

THE ST O R Y BEHIND P O T A SSIU M  N ITR ITE
T he w a r  w as  a t  i ts  p e a k ; 'th e  need, 

u r e e h t  K ey  p ro d u c tio n  h m g e d  on 
w i n e  th e  la b o r a to r y  c h e m ic a l, 
P o tassfum  N itr ite , in  to n n ag e  lo ts. 

“ I t  h a s  n ev er been m ade comme

chem ical, m e e tin g  th e  c u s to m e r^  
schedules, to n  a f te r  ton , w ith o u t fa il.

A n o th er  exam ple  o f B & A ’s a b ility  
to vroduce "custom  m ade" chem icals  
o n  order fo r  in d u s tr y, A n o th e r  ex- 

n f the o rgan iza tion  and fa c ili

I
m en ts  to B a ker  & A dam son.

NOW Baker it AdafflSORbrings Potassium N itrite  to Am erican In ­
dustry in  commercial quantities . . .  once again m eeting the de­
m and to produce laboratory chemicals in  tonnage lots!

Today for the  first tim e this salt, w ith its invaluable properties 
as a heat-transfer m edium , becomes available for large-scale 
in d u s tr ia l  use . . . o p en in g  th e  way to  a score of p o te n tia l  
applications.

The Special characteristics of this new B& A  industrial chemical 
may provide the answer to your research or production p rob­
lems. Investigate now! Baker & Adamson will be pleased to 
send you pertinen t data and experim ental sam ples—w ithout 
any obligation—upon request to the nearest Sales & Technical 
Service Office below.

industry needed i t * .„

B & A  m e!  the dem and


