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THANK CHEMICAL R E S E A R C H . . .
for the widened use of alloys!

Out of chemical research for w ar needs 

there has come the w idened use o f alloys. 
For specialty steel m akers have been called 

upon to  develop metals w ith specific p ro p 

erties to do unusual jobs.

As a result we have today alloys that are 
ligh ter, stronger, and w ith many qualities 
long  hoped for but never previously 

achieved. T he w idened use o f alloys — 
the result of many newly discovered p ro p 

erties— is a tribute to chemical research. 
T hank  the chemist also for his control 
m ethods to assure exacting uniform ity 
of quality.

B aker’s Analyzed C. P. Chemicals and 

Acids are tools used by the chemist both 
for product research o f alloys and for 

their quality control. These laboratory  re
agents are the choice of the nation’s finest 
chem ists and are stocked by the leading 

laboratory  supply houses o f the country.

H ere’s the reason. They are dependable. 
They bear the actual analysis on the label, 
which enables the chem ist to save time 
and obtain  accurate results. So on  your 
next o rder specify Baker’s Analyzed when 
you send your o rder to your favorite lab

oratory supply house.

J .  T. B a k e r  C h e m ic a l  C o .,  Executive O ffices and Plant: P h il l ip s b u r g , N . J .  

Branch O ffices: N e w  Y o rk , P h i la d e lp h ia ,  B o sto n  a n d  C h ic a g o .
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A CHEMICAL’S PURITY
Can Often Be Checked With An L & N

MUELLER BRIDGE

Principal elements of Mueller 
Bridge, Type G-2, for meas
uring temperature to highest 
precision.

Beginning at top are: The
Bridge proper, its Platinum 
Resistance Thermometer 
Bulb, and the Type H. S. 
Galvanometer and Scale 
usually employed.

Not shown are the mirror and 
prism often used with Galva
nometer, and the Bridge’s 
Calibrating Resistor.

Petroleum research employs this Mueller Type G-2 Thermometer Bridge at Ohio State University.

When the purity of a chemical can be reliably indicated by its freezing or boiling 
temperature, there are several good reasons for determining this temperature with 
an L & N Mueller Bridge:

A ccuracy. The Bridge measures temperature in terms of the resistance, in 
ohms, of a nominal 25-ohm resistance thermometer. Its limit of error is a few 
hundred-thousandths of an ohm, or a few parts per million, whichever is the larger. 
Between —190 and +500 C, this is the highest accuracy attainable with any com
mercial equipment.

Ease of A pp lica tion . The equipment is a specialized Wheatstone bridge. It 
can be used without precaution against ambient temperature, and this fact, together 
with its extremely complete and convenient dials, switches and other adjustments, 
makes it unusually easy to operate.

Catalog E-33C(1), describing the Mueller Bridge, is free on request.
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Good News for laboratories About

PYREX FRITTED GLASSWARE
B R A N D

;‘P y rex ” F ritted  G lassw are  is no w  availab le  at yo u r L a b o ra to ry  Supply D e a le r’s. 

H e  can p rov ide .a ll th e  item s you  need  in  th is  new est a id  to  chem ica l filtra tion .

In tro d u c e d  in  1940, P y rex  b ran d  F ritted  G lassw are  b ro u g h t new  speed , 

reten tiv ity , freedom  fro m  chem ica l rea c tio n  an d  p re c is io n  p o ro s ity  c o n tro l 

to  filtra tion , e x trac tio n  and  d isp e rs io n . G lass p a rtic le s  o f  u n ifo rm  size, m ad e  

fro m  P yrex  b ran d  C hem ical G lass N o . 774 , a re  fritte d  by a specia l p ro ce ss  

and  sealed  in to  tra n sp a re n t bod ies —cells, beakers, c rucib les, tubes, etc.—  

fab rica ted  fro m  the  sam e glass. N o  flux o r  g laz in g  m ate ria l is used.

Five p o ro sitie s , from  u ltra  fine to  ex tra  coarse , cover p rac tica lly  every 

p o ss ib le  req u irem en t. F iltra tio n , ex trac tio n  an d  d isp e rs io n  are  com ple te ly  

v isib le  at all tim es and  the  g la s s —b o th  d isc  and  b o d y —is n o t affected by 

so lu tio n s  w h ich  destroy  o th e r  filte ring  m edia . L ong  life is assu red  since 

P yrex  F ritted  W are  is read ily  c leaned  w ith  w a te r o r  chem ica ls  —may be 

h ea ted  in  an e lec tric  fu rnace  to  x i 5°C. P y rex  F ritted  G lassw are  is d escrib ed  

in  P a r t I I I  o f C ata log  LP 24.

C onsu lt y o u r reg u la r  lab o ra to ry  supp ly  d e a le r fo r  delivery  data.

"Pyrex” is a registered trade-mark and indicates manufacture by 

C O R N I N G  G L A S S  W O R K S  « C O R N I N G ,  N E W  Y O R K

pyR C X
B A L A N C E D  F O R  A L L -A R O U N D  U S E

PYREX

b r a n d  L A B O R A T O R Y  C L A S S  W A R B

 m eans-------
Research in Glass
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'ePf- ÓM for 
1 this proven

aescript;Ve ,itera 
an°lytical tool

THE CONSOLIDATED MASS SPECTROMETER
has the efficiency and accuracy  needed for fast analysis of complex mixtures—

completes most analyses in less than an hour—analyzes  

more sam ples in less man hours at lowest cost.

HERE ARE THE EXTRA SERVICES w h ic h  p ro v id e  g re a te r

s c o p e , m o re  u s e a b le  d a ta , b etter re s u lts .

-jSr A dd itiona l Facilities  and advanced operating techniques 
furnish a complete analytical process which adds greatly to the value 
of the Mass Spectrometer.

■¥• In sta lla tion  Su pervision  is provided by a Consolidated 
specialist.

O pera tio n  Instruction  — one of Consolidated's graduate 
engineers furnishes complete instruction in the instrument's use, main
tenance, analysis theory and practice.

As Consolidated's interest in the user and his problems includes continued 
development of both the instrument and its application to all analysis 
problems, consultation service is always available on routine work and 
special questions.

CONSOLIDATED ENGINEERING CORP.
620 N. LAKE AVENUE" ^PASADENA 4, CALIF.

Manufacturers of Mass Spectrometers, Vibration and Strain Analysis and Recording Equipment

/  D R O V E H

w h i c h  p r o v i d e s   ̂ _ M .| t a t W e  a n a l Y * 1 5 '
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C e n t r a l  S c i e n t i f i c  C o m p a n y
S c ie n t if ic  CfflQ) ■OjfijQcLXatuii

N e w  York BOSTON Son'Trancisco CHICAGO Los Ange les TORON TO M ontreal.-

Visit our Booth No. 71 
National Chemical Exposition 

Chicago Coliseum

SERVING SCIENCE

F o r a s s u ra n c e  o f  p ro d u c t, p r ic e  a n d  s e rv ic e —spec ify  C enco.

T h e  C e n tra l Scien tific  C o m p a n y , e s ta b lish e d  in  1 8 8 9 , is  k n o w n  
in te rn a t io n a l ly  fo r  th e  m a n u fa c tu r in g  an d  m e rc h a n d is in g  o f  sc ie n 
tific in s tru m e n ts  a n d  a p p a ra tu s  fo r  e d u c a tio n a l, in d u s tr ia l  an d  
c lin ica l la b o r a to r ie s .  C en co ’s co m p le te  s to ck s  fa c ili ta te  te s tin g  o f  
a ll  ty p es :

C oa l an d  Coke  Paints, V a rn ish e s,  etc.

D a iry  Products Paper

Ferm entation Industrie s Petroleum  Products

Food  an d  D ru g s  Rubber

H ig h w a y  Testing So ils  and  Fertilizers

Leather an d  G lue  Textiles

M e ta llu rg y  V egetab le  O ils, S oap

M illin g ,  B ak in g , G ra in s  W ater a n d  S e w a g e

A p p a ra tu s  m a n u fa c tu re d  by  a n d  b e a r in g  th e  fam o u s  C en co  tr a d e  
m a rk  in c lu d e : D e K h o t in s k y  d ry in g  o v e n s , in c u b a to rs , th e r m o re g u 
la to rs , " P h o te lo m e te r s ”  a n d  " S p e c tro p h o te lo m e te rs ,”  H y v ac , P res - 
sovac , M e g a v a c , H y p e rv a c  a n d  S u p e rv ac  p u m p s , T e n s io m e te r s , 
H y d ro p h il  b a la n c e s , etc. C enco  a ls o  d is tr ib u te s  in te rn a t io n a l  
b ra n d s :

B a ke r 's  A n a ly z e d  C h em ica ls  • C o o rs  P o rce la in w a re  

"P y r e x ” and  "V y c o r ” B rand  G la s sw a re  • N o rm ax ,

E x a x  an d  Re sistance  G la ssw a re  • Leco C a rb o n  an d  

Su lp hu r Determ inators • W a r in g  B lendors
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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

£rhy

o - ^ - c o  ! o-,
!  ni

0^ 0 -0 0  
j ;  B Naphthyl P Pi«"»1?"6 W

•  Diamine m e rc la l  q u a n t i t ie s

• S T f
P u rity  9 8 %

:  ..

% .........     . I i
- ............................ **** o » o - c , « «  •;

Mixed Mono:a«il Dlheptï' Hsq S O c ' h" ;
Diphenyl t o m «  c » sLJÎ  « *

s r ”  « *
•  .

 ..........................................    0 c h p O o c h ^

, . • • • • • • • .............  r | i
Q C H p O ° CH:0

0 » O o c « » >  - :  BibePayl Ether of Hydros*1'

,so p ro p » y y  o ¡ p i ' ^ ! : , m. ,  :  nor : . , r
Availab le  in commerçât q M  p U 9

M P. 78^  , * Puril* 7
P u r i ty

.................................
'  I ...........................................................................
..................... • \ c h /  /?

p Hydroxy Diphenyl A «*»
A v a i l a b l e  In  c o m m e r c i a l  q

P u r i ty  « %

•  I ^  ' 3

0 « 0 ° “  :  O ilso p ro p y l Dixarthoson
:  X vcil.W . I»

:  ?;,«» « *

:     ....................

.   ^  * Mix'ed Vthyt and Dimethyl C H - C  % C S H
...................................................................................    \  S S f a S i a x o l a s  C ^ - C - S 7

< _ > C J  5  A v a i l a b l e  i n  c o m m e r c ia l

*  r t im n t it ie S  . .
M itro so  DipdoP» ; ® “

A v a i l a b l e  i n  c o m m e r c . a l  q

M. P- 67°
P u r i t y  9 7 %

^ UMn’p eS 136-153° C i HS ?  ^  C  S H
A p P r 0 X ’ m a *e r~ c  /

P u r , ’ Y  3 5 %  d im e t h y l  H - C - S

Sr . . . . H S S i - ......................... ...

 . .........................................    l CH^ ' N) c - s l
.......................  q I Q ^ O  :  Mixed Aliphatic Thiazyl L . , _ r - s  U

. . a  5  D isu lfides

OiphenylpP«1“ ^ " " , ,  *
A v a i l a b l e  in  c o m m e r c . a  q

i p h e n ^ l  p  r  J  -l a | q u a n t i t i e s
•i u io  i n  c o m m e r c i a l  m

AV°’ p 144°
P u r ity  9 2 %

Available in c o m m e r c i a l

q u a n t it ie s

Liquid
II

H - C - S
/

C -S

3
j■-:V3

For additional information please write B. F. Goodrich Chemical Company, Department C A -8 , Rose Building, Cleveland 15, Ohio.

B. F. Goodrich Chemical Company A DIVISION O f 
THE B. F. GOODRICH COM PAN Y
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Timely REINHOLD Books
THE ALKALINE EARTH AND HEAVY METAL SOAPS

by S T A N L E Y  B. E L L IO T T ,  A ss ’t  to th e  P resident, T h e  Ferro C h em ica l Corp . 
S u b sid ia ry  of Ferro  En am el C o rp ., C leve land , O h io

trea tm en t o f  th e  su b jec t, six appen d ices on  p a ten ts, 
sp ecifica tion s and a p p lica tion s arc in c lu d ed , greatly  
increasing th e  practica l va lu e o f  th e  book.

In Ibis capably w ritten  and  th orou gh -go in g  
treatise  on  m eta llic  soaps, fa tty  acids, n ap h th en ic  
acids, drying o ils , and  resin s are d iscussed  b o th  in d i
vidually and in  ch em ica l co m b in a tio n  w ith  eigh t 
different groups o f  m eta ls . T h e  u ses o f  th ese soaps 
have been  divided in to  th ree  classes, based respec
tively on th e  ca tio n , on th e  a b ility  to in fluence the  
characteristics'of liq u id s , and  on  the physical proper
ties o f  th e  ind ividual soap. In ad d ition  to th e  m ain
340 Pages

No oth er  hook in E n g lish  brings all th is diversified  
in form ation  together for ready reference; th is  m o n o 
graph w ill therefore he a n ecess ity  for a ll workers in  
the fields w h ich  it covers, and an  essen tia l ad d ition  
to th e  literature o f  tech n ica l libraries.

Price $7.50Illu strated  
A m erican  C h em ica l Society  M onograph No. 103

BIOCHEMISTRY OF THE FATTY ACIDS 
and their compounds, the Lipids

By W . R . B L O O R , Professor of B io ch em istry  and Pharm acology, U n iversity  of R ochester
d iab etes, syp h ilis , a r th r itis , and o th ers, is  e m 
phasized . In sh ort, th is  hook provides a m u ch -  
needed stu d y  o f  a  group o f  organ ic com p ou n d s, the  
fa ts, so c lose ly  associa ted  in th e  h u m a n  body w ith  
carbohydrates and proteins. It w ill be o f  th e  greatest 
value to p h y sic ia n s, n u tr it io n is ts , organ ic ch em ists , 
and b io ch em ists , as w ell as in  th e  food and  p liar-

T h is  vo lum e p resen ts an  exh austive cr itica l review  
o f th e  ch em istry  and  fu n c tio n s  o f  th e  im p ortan t  
group o f  siib stan ces in clu d ed  in  th e  term  “ fa tty  
acid s.”  T h e part p layed by faLs and  lip id s in  th e  
com p licated  m ech a n ism  o f  d igestio ii and  n u tr itio n , 
as w ell as in  th e  blood and tissu es , is  d iscussed  in  
great d eta il. T h e  re la tio n  o f  fa tty  acid  m eta b o lism  
to su ch  p er tin en t su b jec ts  as v ita m in s , en zym es, 
th e  reproductive cycle , em b o lism , a n em ia , cancer.
387 Pages Illu stra ted  

A m erican  C h e m ica l Society  M onograph No. 93

m aceu tica l fields. A com p lete  b ib liography is  given  
for every chap ter.

$7.00

TH E CONSTITUENTS OF 
WHEAT AND WHEAT PRODUCTS

by C . H. B A IL E Y , Professor of Agricultural B io
chem istry  and D irector of the A g ricu ltu ra l Experi

m ental Station , T h e  U niversity  of M innesota

N ow, m ore th a n  ever before, w hea t is  th e  sta ff o f  life , 
an essen tia l econ om ic factor in  th e  postw ar world. 
T h is vo lu m e p resen ts an  exh au stive  and  critica lly  
eva lu ated  survey o f  th e  m an y  stu d ies m ad e o n  its  
ch em ica l co n st itu e n ts . T h ese  are in terp reted  in  th e  
ligh t o f  m od ern  kn ow ledge o f  n u tr it io n . All w orkers 
in  th e  food and  cereal processing  in d u str ie s  w ill find  
th is  book an  essen tia l a d d ition  to tlic ir  libraries.

332 Pages Illustrated  $7.25

A m erican C hem ical Society M onograph No. 96

TH E CH EM ISTRY OF A CETYLEN E
By J U L IU S  A. N IEU W LA N D , Late  Professor of 
O rg a n x  C hem istry , Un iversity  of Notre D am e; and 
R IC H A R D  R. V O G T , Professor of C hem istry , U n i

versity of Notre Dam e
Surveys the en tire  literature  re la tin g  to a cety len e  

com p ou n d s. M any years in  preparation , i t  carries 
on th e  u n fin ish ed  work o f  th e  la te  F a th er  N ieu w lan d , 
im p o rta n t to early develop m en t o f  sy n th e tic  rubber  
in  U . S. F eatures d eta iled  d iscu ssion s of: T h e P h ys
ical P roperties, P reparation  and  P urification  o f  
A cetylene; M eta llo -D erivatives o f  A cetylene: S u b 
s t itu t io n  o f  N on -M eta l A tom s or R adica ls for th e  
H ydrogen o f  A cety lene; A ddition  o f  N o n -M eta llic  
E lem en ts an d  C om pounds to A cety lene; P o lym eriza
tion  o f  A cety len e and  it s  C on d en sation  w ith  Carbon  
C om pound s. In clu d es co m p le te  in fo rm a tio n  on  
th e  ch em istry , properties, and  uses o f  N eoprene.
216 Pages Illustrated  $4.50

Am erican C hem ica l Society M onograph No. 99

ANHYDROUS ALUMINUM CHLORIDE IN ORGANIC CH EM ISTRY
by C H A R L E S  A . T H O M A S , C e n tra l Research D irector, M onsanto  C h e m ica l C o m p an y  
In  Co llabo ratio n  W ith  M ary B a lu k  M oshier, H erbert E . M orris and Ross W . M osh ier, 

T h o m a s and H ochw alt Labo ratories, M onsanto  C h em ica l C o m p an y
T h is vo lu m e has b een  eagerly aw aited  for so m e t im e  by all th ose  concerned  w ith  th e  ca ta ly sis  and  isom eriza 

tion  o f  organ ic com p ou n d s. T h e  reaction s o f  a lu m in u m  ch loride w ith  h undreds o f  com p ou n d s are d iscu ssed  in  
d eta il; and  a fea tu re  o f  th e  book is  th e  p resen ta tion  o f  th e  exact ch an ges w h ich  occu r in  stru ctu re . A resu m e o 
th e  work o f  Friedel and  C rafts, w ho did th e  p ioneer work in  th is  field , is  in c lu d ed . I h is is  in d eed  a m o n u m en ta  
co m p ila tio n  w h ich  w ill be in va lu ab le  to  research  workers in  th e  fields o f  p etro leu m , p la stics , rubber, sy n th e tic  
co a tin g s, flo ta tion  a g en ts , d yes, fa ts  and  w axes, c lean sin g  and  d ry -c lean in g  a g en ts , p erfu m es and  tex tile s .
972 Pages A m erican  C h e m ica l So cie ty  M onograph No. 87 P rice  $16.50

REIN HO LD P U B LISH IN G  CO RPO RATIO N  n„Vy. * w!n.y:'
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THE GAS ANALYST
W ithin a single 96-page book, 
Burrell presents complete infor
mation on modern gas analysis 
apparatus and the latest analyt
ical methods used in  the indus
trial field.

1 he catalog section of this 
book describes and illustrates the 
comprehensive line of Burrell 
laboratory and portable models 
in both the B uild-U p and Cabi
net types with equipment for the 
new  ̂ catalytic method of com
bustion.

The manual is really a text
book describing the technique of 
gas analysis in sufficient detail 
to provide the inexperienced an
alyst with a working knowledge 
of the subject and enabling him 
to carry through from the as
sembly of the apparatus to the 
calculation of the components in 
any particular analysis.

Because of the prevailing paper 
shortage, the size of the edition 
necessarily has been limited. I f  
you have not already received

your copy, we recommend that 
you write prom ptly for Burrell 
Gas Analysis Catalog 80. Burrell 
Technical Supply Co., 1936-42 
Fifth  Ave., Pittsburgh 19, Pa.
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TH E Merck line of Reagents and C. P . Chemi
cals, as well as i those chemicals suitable for 

industrial research, educational, and routine plant 
laboratory uses, is comprehensive. C .P. and Reagent 
mineral acids and Ammonia Water are of highest 
purity, and are indicated wherever those acids 

are used.
The use of Reagent grade chemicals in plant 

operations is constantly increasing. If, in your ex
perimental work, you find the need of a chemical of 
special purity, or one made to meet your individual 
specifications, our technical and manufacturing facil
ities are well adapted to- the production of such 

custom-made chemicals.

MERCK & CO., Inc., RAHWAY, N. J.

Please send me the  following charts:

.Revised Q ualitative Analysis C hart

 Periodic C hart of the E lem ents

 Sensitivity C hart

N a m e . * *.*..........

C om pany........................................................................

P osition ...........................................................................

S tre e t....................................................................

C ity ...................................................... S tate ................
IN D . E N G . 8 - «
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No. 17030 - ST Blue Line EXAX Retested Burette,  with 1JT straight glass stopcock
Capacity

ml.
Subdivision

ml.
^  Stopcock 

size
Quantify 
in case

Each 1
case

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

2 5 .1 0 2 18 $ 1 .9 3 $ 3 1 .1 9

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

1 0 0 .2 0 2 6 $ 2 .7 8 $ 1 5 .0 3
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ÔCIATES

in», frs-w ,» ú 
»¿VAhLo.VI 

•7TKfc VlUi*n» >*» li» fcąi ; ̂

F Z & W.Zr-

S.-íai»S48R*£

NEW COMPOUNDS AND NEW USES

P R O D U C T S  E X H I B I T E D
Organo-Mercurials • Quaternary 
Ammonium Compounds • Fluorescent 
Powder • Pyridine Derivatives • 

Lecithin • Colloidal Iron Salts

W. A . CLEARY CORPORATION
NEW BRUNSWICK,  N. J. and CHICAGO, 111-

are shown at booth 116

National Chemical Exposition by
W. A. Cleary Corp. • American Research Associates 

Fluorescent Chemical Corp.

D evelopm ents in the  fields of fungicides, an tisep tics, 
fluorescent powders, colloidal iron salts and pyridine de
rivatives will be revealed a t th is showing. In  addition, 
suggested uses for Clearate—the best in lecithin—will be 
shown here. Clearate has already demonstrated its utility 
in paints, putties, enamel, insecticides, leather, ink, petro
leum, cosmetics and a host of other products where the 
following properties are essential:

(0  Clearate reduces surface tension and interfacial 
ten sio n , im prov ing  in g re d ien t d ispersion  in 
mixes. I t  lowers viscosity and increases coverage. 
Clearate stabilizes emulsions.

(2 )  Clearate is a  surface-active substance and an 
anti-oxidant. I t  retards rancidity in oils, keeps 
many foods fresh-tasting longer.

A t Booth 116, you may gain vital information tha t will 
help you protect products or personnel—or improve your 
processes. Don’t  fail to  stop in. A welcome awaits you.

A  E n t r a n c e  Lo b b y  

■ I  4 *



SCIENTIFIC COMPANY
1736-54 N.Springfield Ave.. Chicago 47. I I SA

V E R T IC A L TY P E  M E C H A N IC A L  C O N V E C T IO N  
O V E N

H eat tran s fe r by m echan ica l con vectio n , w ith  
a p o w e rfu l tu rb o -b lo w e r fo rc in g  a i r  into 
m otion th rough the w o rk in g  cham b er, to 
se rve  a s  the v e h ic le  o f heat t ra n s fe r , offers 
the p eak  o f oven e ffic iency fo r hund red s o f 
la b o ra to ry  a p p lica t io n s . In te r io rs  a re  18*8 
s ta in le ss  s tee l, e x te r io rs  o f c ith e r s ta in le ss  
steel o r ru st-res isting  iro n . Three s tan d a rd  
s ize s—tw o  tem peratu re  rang es.

STEA M  H EATED C O N S TA N T TEM PERA TU RE  
C A B IN ET

Tested and  Rated  Exp lo s io n  P ro o f fo r 
Tem p erature  to 3 0 0 °  F by 

U n d erw rite rs  Lab o ra to ry  
For use in h aza rd o u s lo ca tio n s , a s  d esign ated  
by U n d e rw rite rs ' C la s s  1, G ro up  C  and  G roup  
D w h ich  inc lu des a tm ospheres con ta in in g  
ethy l e ther v a p o r , g a so lin e , p etro leum , n ap h 
th a , a lco h o ls , ace tone , la cq u e r, so lven t v a p o rs  
an d  n a tu ra l g a se s . E xp lo s io n -p ro o f fe a tu res  
include  au to m atic  tem perature  con tro l by 
m eans o f a  p neum atic  th erm ostat—use o f 
sa tu ra ted  steam  (no t sup erh eated ) a t a n y  
p ressure  betw een  0  an d  100 lb s .

STA N D A R D  M E C H A N IC A L  C O N V E C T IO N  
O V EN S

U tiliz in g  the sam e p rin c ip le  o f m echan ica l 
convectio n  these "P re c is io n "-F re a s  ovens p ro
duce a ra p id  m ovem ent o f a la rg e  vo lum e of 
heated a ir , w hich conveys heat d ire c t ly  to the 
lo ad  under absolutely^ co n tro lled  tem perature  
co n d itio n s . La rg e  w orking ch am b e r, ad ju stab le  
shelves and  co n tro lled  a ir  v e lo c ity  across 
w ork ing  ch am b e r m eans extrem e f le x ib il it y  fo r 
m any v a rie d  te sts . Three s tan d ard  s iz e s — two 
tem peratu re  rang es.

L O W  TEM PERA TU RE C O N T R O L C A B IN ET
Auto m atic  tem peratu re  contro l a t  a n y  point 
from  6 °  to 4 0 ° C . In ad d itio n  to its w id e 
sp read  and  g en era l a p p lic a b ility  a s  a lo w  
tem perature  cab ine t fo r use in  a  p h y s ic a l, 
chem ica l o r b io lo g ica l la b o ra to ry , .this c a b i
net w i l l  be found  a d a p ta b le  to m an y  specific  
uses such a s  b io -chem ica l o xyg en  dem and  
(B .O .D .)  d ete rm ina tio n s in the treatm ent con
tro l o f se w ag e  and  in d u str ia l w a s te  f lo w , 
acco rd ing  to the m ethod ad op ted  by the 
A m erican  Pub lic  H ea lth  A sso c ia tio n , sp e c ify in g  
incub ation  a t 2 0 °  C . O the r b io lo g ica l uses 
include  the p rese rva tio n  o f vacc in e s , such as 
in su lin  an d  liv e r  e x trac ts  (a t  15 ° C . ) ;  se ro 
lo g ica l an d  com plem ent fix a t io n  tests a t  lo w  
tem p e ra tu res , an d  e n zym atic  d ig estio n  proc
esses.

G R A V IT Y  C O N V E C T IO N  H O T A IR  
S T E R IL IZ E R

S p e c ia lly  b u ilt fo r flush-m ounting  w a l l  in 
su la tio n  in keep ing  w ith  the la yo u t o f m odern 
ho sp ita l equ ipm ent, th is un it h as  an  inside 
w o rk in g  cham ber 30 x  24 x  3 6 " . C ab in e t is 
e le c tr ic a lly  h e a te d , th e rm o sta t ica lly  co n tro lled , 
m ax im u m  tem peratu re  3 5 0 ° F

S TA N D A R D  G R A V IT Y  C O N V E C T IO N  
O V EN S

"P re c is io n "—Freas  g ra v ity  convection ovens 
o ffe r a  degree o f p erfo rm an ce  an d  dep end 
a b il i t y  un eq ua led  by a n y  co m p arab le  e q u ip 
m ent. S ince  g ra v ity  convection depends upon 
n a tu ra l a i r  c ircu la t io n  induced by the tem 
p era tu re  d iffe re n tia l b etw een  heat spurce and 
e xh a u s t p o rt, g ra v t iy  convection o ve n s a re  
recom m ended w h e re  the fa c to rs  o f heat t ra n s 
fe r  speed , o r lim it o f cab ine t lo a d a b il it y , a re  
not the fo rem o st co n sid era t io n . In te r io r w a l ls , 
sh e lf b racke ts and  fa s te n in g s  a re  b u ilt o f 
18-8 s ta in le ss  s tee l. E x te r io r  w a l ls  o f s ta in le ss  
stee l or ru st-res isting  iro n . Four stan ad rd  
m od els—tw o  tem p era tu re  ra n g e s .

W rite  fo r  c a ta lo g  3 2 5 -J  c o n ta in in g  c o m p le te  in fo rm a t io n  on a l l  s t a n d a r d  an d  
s p e c ia l  m o d e ls  o f  " P r e c is io n " —F r e a s  C o n s ta n t  T e m p e ra tu re  E q u ip m e n t.

METAL,
w a h ! L a l \  d ° u b l e -w a l l ED/ W ELD ED /

s t r e a m l i n e d

G L A S S  
O B S E R V A T IO N  DOOR

IN SU LA T E D  D O O R, 
R EFR IG ER A T O R  

H A R D W A RE

STR U C TU R AL B R A C IN G , 
A SB E S TO S  S T R IP P IN G

G L A S S  W O O L  
B LA N K E T  IN S U LA T IO N

A D JU ST A B LE  
V E N T IL A T IO N  

C O N T R O L •



H E V I  D U T Y  E L E C T R I C
H E A T  T R E A T I N G  F U R N A C E S  e l e c t r i c  e x c l u s i v e l y

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

18, No. 8I N D U S T  R- I AL A N D

Duty Electric Muffle Furnaces are used by 

The Babcock & Wilcox Tube Company in their 
continuous, extensive research and testing in connection 
with the m etallurgical aspects of their quality tubular 
products. Among other investigations these furnaces are 
used for aging tests on high a lloy steels. These tests have 
continued for as long as 13,000 hours in determining w hat 
phase changes occur in certain a lloy  m aterials on extend
ed heating Hevi Duty Muffle Furnaces have accuracy,
dependability and economy of operation that recommend 
them for intensive analytical research. Bulletins HD-537 and  
HD-637 have complete details —  send for them —  today.

t A U . 5 5  ° n  

-9 6
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CHEMICAL WORKS
l o  c€ /i& m s ic c ts l f y / â e ï ô -

72 Gold St., New Y o rk  8,  N. Y. 
LO S A N G ELES  . M ONTREAL

MALLINCKRODT gg
M allinckrodt St., St. Louis 7 , Mo 
CH ICAGO  • PH ILA D ELPH IA

ANALYTICAL REAGENTS
1 . M A C A L A ST E R  B IC K N E L L  C O M PA N Y  

243 B roadw ay
C am bridge , M assach u se tts

2 . CA M BOSCO S C IE N T IF IC  C O M PA N Y  
37 A n tw erp  S tree t
B rig h to n  S ta tio n  35 
B oston , M assach u se tts

3 . M A C A L A ST E R  B IC K N E L L  CO M PA N Y  
412 T e m p le  S tree t
New  I la v c n  11, C onnec ticu t

4. E . M A C H L E T T  A N D  SON 
220 E ast 23rd S tree t
New  Y ork  10, N ew  Y ork

5 .  S C IE N T IF IC  G LA SS A P P A R A T U S  C O M PA N Y  
49 A ck erm an  S tre e t
B loom field , N ew  Je rsey  

(6. H A R S H A W  S C IE N T IF IC
D iv is io n  o f  th e  H a rsh a w  C h em ica l C o m p a n y  
Jnckßon and  Sw anson  S tree ts  
P h i la d e lp h ia  48, P e n n sy lv a n ia  
W IL L IA M S , B R O W N  & E A R L E  IN C .
918 C h es tn u t S tree t 
P h i la d e lp h ia  7 , P e n n sy lv a n ia

7. S U R G IC A L  S U P P L Y  C O M PA N Y  
36 W est D u v al S tree t 
Ja ck so n v ille , F lo rid a

8. A T L A N T IC  C H E M IC A L S , IN C .
601 S o u th  H u g h ey  S tre e t ^  12 S o . D avis S treet 
O rlan d o , F lo r id a  Jack so n v ille , F lo rid a

9. B ISC A Y N E C H E M IC A L  L A B O R A T O R IE S  
2207 N .E . Second A venue
M iam i 37, F lo rid a

10. B U R R E L L  T E C H N IC A L  S U P P L Y  fcO M PA N Y  
1936-1J42 F if th  A venue
P i tts b u rg h  19, P en n sy lv a n ia

11. B . P R E IS E R  C O M PA N Y  IN C .
•-■416 W est W a sh in g to n  S tree t

C h arle s to n , W est V irg in ia

12. S U R G IC A L  S E L L IN G  CO M PA N Y  
139 F o rre s t A v en u e , N .E .
A tla n ta  1 , G eorgia

13. H A R S H A W  S C IE N T IF IC
D iv is io n  o f  th e  H a rsh a w  C h em ica l C o m p a n y  
1945 E ast 97th S treet 
C lev e lan d , O hio

14. E B E R B A C H  & SON CO M PA N Y  
200 E ast L ib e rty  S tree t
A nn  A rb o r, M ichigan

15. H A R S H A W  S C IE N T IF IC
D iv is io n  o f  th e  H a rsh a w  C h em ica l C o m p a n y
9240 H u b b e ll A venue
D e tro it ,  M ichigan
F R A N K  W . K E R R  CO M PA N Y
422 Congress S tree t
D e tro i t ,  M ich igan

16. T H E  O R R , B R O W N  8- P R IC E  CO M PA N Y  
S p rin g  & F ro n t S tree ts
C o lu m b u s, O hio

17. H A R S H A W  S C IE N T IF IC
D iv is io n  o f  th e  H a rsh a w  C h em ica l C o m p a n y  
224 M ain  S tree t 
C in c in n a ti 2 , O hio

18. C H IC A G O  A P P A R A T U S  CO M PA N Y  
1735 N . A sh la n d  A venue
C hicago 22, I llin o is
W . M . W E L C H  M A N U F A C T U R IN G  CO M PA N Y  

• 1515 Sedgw ick S treet 
C h icago, Illin o is

19. A . S . A L O E  C O M PA N Y  
1819-1823 O live S tre e t  
S t. L ou is, M issouri

20. G E O R G E  T . W A L K E R  C O M PA N Y  
324 F if th  A venue Sou th  
M in n eap o lis , M inneso ta

21 . A . J .  G R IN E R  C O M P A N Y  
1827 M cG ee A venue 
K an sas  C ity  8, M issouri

22 . C H E M IC A L  P R O D U C T S  IN C .
501 W est F irs t  S tree t
T u ls a  3 , O k la h o m a

23. G R E E N E  B R O T H E R S  IN C .
1812 Griffin S tree t
D a lla s ,  T exas

24. SO U T H W E S T  S C IE N T IF IC  C O R P .
122 S o u th  S t. F ran c is  S tree t 
W ic h ita  12, K ansas

25. W A SA TC H  C H E M IC A L  C O M PA N Y  
2225 S o u th  F if th  E ast
S a lt L ake  C ity  5 , U ta h

26. T H E  C. M . F A S S E T T  CO M PA N Y  
W est 19-21-23 M ain  A venue  
S p o k an e , W ash in g to n

27. SH A W  S U R G IC A L  C O M PA N Y  
Y a m h ill  & N in th  A venue
P o r tla n d , O regon

28. U N IV E R S IT Y  A P P A R A T U S  C O M PA N Y  
2229 M cG ee A venue
B erke ley  3 , C a lifo rn ia

29 . C A L K IN S D IV IS IO N
L os A n g e les  C h em ica l C o m p a n y
934 S o u th  M ain  S tree t
Los A ngeles 15, C a lifo rn ia
T H E  W H O L E S A L E  S U P P L Y  CO M PAN Y
1047 N o rth  W ilcox A venue
Los A ngeles 38, C a lifo rn ia

ALW AYS SPECIFY 
MALLINCKRODT REAGENTS 

IN O RIGIN AL PACKAGES

You are cordially invited to visit M allinckrodt’s Booth N o. 18 in the Chicago Coliseum at the 
1946 National Chemical Exposition/ September 10-14.
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A. H. T . CO . M O D EL H-1

An improved execution of a tim e-tested, simplified design, for use in quantitative analysis 

AVAILABLE FOR IMMEDIATE SHIPMENT FROM OUR STOCK

ARTH UR H. TH O M A S COM PANY
R E T A IL — W H O L E S A L E — E X P O R T

LABO RATO RY APPARATUS AND REA GEN TS
W E S T  W A SH IN G TO N  S Q U A R E , P H IL A D E L P H IA  5, PA ., U .S .A .

Cable Address “Balance” Philadelphia

ANALYTICAL BALANCE, A. H. T. Co. Model H-1. An improved execution of a time-tested, 
simplified design, without drawer in base, intended for use in industrial or educational laboratories 
for quantitative analysis. Especial attention has been given to the design of the beam, beam support, 

.stirrups and stirrup rests, so th a t erecting and cleaning can be accomplished quickly and with minimum 
danger of damage to the delicate parts such as agate knife edges, etc.
Sensitivity— 0.1 milligram w ith full load. A djusted so th a t 

th e  change of w eight of 1 mg on the pan deflects th e  ■ 
pointer on the scale a t  least 2 A  divisions w ith full load.

Capacity—200 grams in each pan.
Case—Of mahogany, w ith  counterpoised front door, circular 

level and leveling screws, b u t w ithout drawer in base.
Over-all dimensions, lGJ^ inches wide x 1G inches high x 
9 A  inches deep.

Central P illa r— Of D uralum in, oxidized black, % -inch 
diam eter.

Beam—Of hardened alum inum , 6 inches long, w ith  oxidized 
black finish. G raduated in w hite on both sides of central 
knife edge from 0 to  5 mg in 1/10 mg divisions, using a 5 
mg rider.

R ider Carrier—M ounted on a  slotted rod of D uralum in; 
will pick up and accurately ad just rider w ithout striking 
the beam.

Knife Edges and P lanes—Of agate throughout.

Release and Arrest—The beam and hangers are released 
by a  single action device making th e  contact of the central 
knife edge simultaneous w ith th e  contact .of the  end knife 
edges and bearings. T he construction of the  arresting 
device is simple and rugged, engaging and supporting the 
beam  and hangers free of any contact w ith  the knife edges 
and bearings, th u s preventing any possible damage while 
loading and unloading the pan.

Pointer Scale—O f ivory, recessed so th a t the end of the 
pointer moves in  th e  offset in  the same vertical plane as 
th e  division on the  scale, thus avoiding errors of parallax.

Pan Arrest— Of th e  self-locking, adjustable push-button 
type.

Pans—Of polished Duralum in, “¿ A  inches diam eter.
Arches—Of polished D uralum in, height 7 A  inches, spread 

4 inches.
R iders—E ach balance is furnished w ith two 5-mg aluminum 

riders.

1812. Balance, Analytical, A .H .T . Co. M odel H -1, as above described, w ith  tw o 5-mg alum inum  riders b u t w ithout
weights....................  $82.50
Code W ord...........................................................................................................................................................................  Aoant

5%  discount in  lots of 6
12 or more
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Infrared spectroscopy provides a valuable tool for the chemical 
characterization of technical DDT, including detection of the several 
isomers and impurities and quantitative estimation of DDT content. 
This technique' has been applied in establishing the purity of com
mercial samples for use in formulation studies and in determining low 
concentrations of DDT in residues and dispersions.

UT IL IZ A T IO N  of dichlorodiphenyltrichloroethane (D D T) 
by the arm ed forces and  increasing in terest in potential 

postwar agricultural and  domestic applications have focused 
atten tion  on new m ethods for the identification and quan tita tive  
estim ation of D D T . Various analytical m ethods have been de
vised for the quan tita tive  determ ination of p ,p ’-D D T  together 
with its  isomers. W inter (10), H all et al. (5), and  Fahey (3) have 
employed m ethods of analysis depending upon the determ ination 
of halogens in organic compounds. N eal et al. (7) and G unther
(4) have described m ethods for determ ining D D T  based upon de- 
hydrohalogenation w ith alcoholic alkali and  determ ination of the 
resulting IIC1. Colorimetric m ethods have been reported by 
Schechter et al. (8, 9) and  Bailes (1). Cristol, Hayes, and H aller
(2) have described a m ethod for the determ ination of p ,p '-D D T  
in technical D D T  by recrystallization from sa tu ra ted  solutions 
of pure p ,p '-D D T  in aqueous ethanol.

Such m ethods are very useful b u t there is still a  recognized 
need for a technique which will identify the several isomers of 
D D T and avoid complications arising when D D T  is associated 
with o ther chlorine-containing compounds.

The term  D D T  is employed here in accordance w ith term inol
ogy in common usage in current literature  publications: “The 
symbol ‘D D T ’ is a contraction for dichloro-diphenyl-trichloro- 
ethanc, the generic nam e of the active insecticidal principle. 
Theoretically there are forty-five possible dichlorodiphenyttri- 
chloroethanes. However, the term  ‘D D T ’ is confined to  the prod
uct obtained on condensation of chloral (or its  alcoholate or hy 
drate) w ith chlorobenzene in  the presence of sulfuric acid” (6). 
When referring to  specific isomers of D D T , for example, p ,p '-  
D D T isu sed  to designate l,l,l- trich lo ro -2,2-bis(p-chlorophenyI)- 
ethane and o ,p '-D D T  for l,l,l-trichloro-2-o-chlorophenyl-2-p- 
chlorophenylethane.

In  th is laboratory, absorption spectroscopy has been success- 
fully'applied to  the chemical characterization of D D T  in connec
tion w ith the developm ent of special form ulations for use by  the 
armed forces. I t  has been shown th a t  infrared spectroscopy 
provides a  means of determ ining bo th  the pu rity  of D D T  and 
the presence of relative proportions of the  isomers and im purities 
which m ay occur along w ith p ,p '-D D T .

I t  is well known th a t certain chemical struc tu ra l units possess 
characteristic, isolated, infrared absorption frequencies. By 
study of reference samples of D D T  and  selected isomers, absorp
tion bands m ay  be assigned to  th e  D D T  molecule and to  th e  iso
mers and by-products associated w ith commercial D D T . C riti
cal examination of the absorption spectrum  makes it possible to

. determ ine qualitatively the pu rity  of a given sample of D D T  and 
also the natu re  of the im purities. A quan tita tive  analytical 
m ethod for D D T  pu rity  and  concentration m ay be devised on 
this basis. B oth procedures have been used in  th e  current re
search for characterizing commercial D D T ’s and  for estim ating 
D D T  in spray compositions.

A P P A R A T U S

The infrared spectrograph used in th is work was built in 1040 
in  the physics shops of the U niversity of M ichigan under the 
supervision of H. M. R andall. I t  is a  rock sa lt prism  spectrom 
eter of conventional optical design, using a  15-cm. rock sa lt prism 
and an off-axis parabolic m irror of 1-meter focal length. A 
record of per cent transm ission versus wave length is recorded 
directly by m eans of a periscopic beam -splitting device and  a re
cording potentiom eter.

The spectrograph is calibrated in term s of wave lengths by 
running the spectra of standard  substances such as ammonia 
(Figure 1), carbon dioxide, and w ater vapor. T he instrum ental 
quality  perm its a  precision in  m easuring wave lengths of absorp
tion  bands of —0.01 micron or better, although the  practical 
accuracy in assigning wave lengths in routine work is usually 
no t greater than  ± 0 .1  micron. All wave lengths except those in 
Figure 1 are therefore expressed in  the nearest 0.1 micron.

In  studying D D T , carbon disulfide was used as the solvent. 
Rock sa lt cells, 5 or 20 mils thick, were used to  hold th e  D D T  
solutions.

T he volume of D D T  solution prepared was usually abou t 5.0 
ml., bu t less than  0.2 ml. is required to  fill th e  absorption cell. 
The infrared absorption spectrum  can be obtained from as little 
as 1 mg. of D D T  if the volume of the solution is restricted to 0.2 
ml.

A bout 45 m inutes are required to  record the complete spectrum  
over the range 1 to  15 microns. I f  only the range 7 to  12 microns 
is examined, a  record can be m ade in  about 10 minutes.

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

P u r e  p ,p '-D D T  (m.p. 108.6-109.5° C. corrected). U. S. 
Public H ealth  Service; a  sample purified by M erck & Co. for the 
Insect Control Com m ittee of the Office of Scientific Research.and 
Development.

0 ,p '-D D T  (m.p. 73-74° C.). Grasselli Chemicals D epart
m ent, E . I. du P on t de Nemours & Company, Cleveland, Ohio.

m ,p '-D D T  (liquid a t  room tem perature). B ureau of E n 
tomology and P lan t Q uarantine, U. S. D epartm en t of Agricul
ture, Beltsville, M d.; a  sample furnished by M. S. Newman, 
Ohio S ta te  University.

1 ,1 -D ich lo ro -2 ,2 -b is (p -c h lo ro p h e n y l)e th y le n e  (m.p. 88- 
89° C. corrected). Prepared in  th is laboratory.

Bis(p-CHLOROPHENYL)sur,FONE (m.p. 148-149° C. corrected). 
Prepared in this laboratory.

2 ,2 ,2 -T richloro- 1 - (o- chlorophenyl)f.th yl- /j - chloroben- 
zenesulfonate (m.p. 105-106° C.). Bureau of Entomology 
and P lan t Q uarantine, U. S. D epartm ent of Agriculture, Belts
ville, M d.; a  sample from P. D . B artle tt, H arvard  University.

1, 1-D ichloro-2,2-b is (p -chlorophenyl) ethane (p ,p '-D D D ) 
(m.p. 108-109.5° C .). B ureau of Entom ology and P lan t Quar
antine, U. S. D epartm ent of Agriculture, Beltsville, M d.; a 
sample furnished by H . S. Mosher, Pennsylvania S tate College.

These reference compounds were studied w ithout purifying to 
constancy of infrared spectrum .
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Tabic I. Key Infrared Absorption Bands for DDT and Related 
Materials

W ave Length ,
F igure  Com pound M icrons

1 p ,p '-D D T  9 . 1 ,9 . 8 ,1 2 . 9
2 o ,p '-D D T  9 .6 ,1 3 .3

. 3 m ,p '-D D T  10.9
4 l,l-D ich lo ro-2 ,2 -b is(p -ch lo rophenyl)ethy lene 10 .2
5 B is(p-chlorophenyl)sulfone 8 .6
6 2,2,2-T richloro-1 - (o-cblorophenyl) ethyl-p-chloro-

benzcnesulfonate 8 .4 ,1 0 .1
11 p-C hlorophenyl group 9 .0 ,  9 .1
12 o-C hlorophenyl group 9 .4 , 9 .6

S P E C T R O S C O P IC  ST U D IES  O F  D D T  A N D  R E L A T E D  C O M P O U N D S

The characterization of absorption bands by assignm ent -to 
struc tu ra l units frequently occurring in  commercial D D T  was 
accomplished by the study of a  group of reference compounds 
structurally  related to  D D T . T he spectra of pure p,p -D D T , 
the o,p '- and m,p'-isomers, and by-products encountered in com
mercial D D T  are discussed in the following sections. A sum

m ary tabulation  of key absorption bands for each compound is 
given in T able I.

P oee p .p '-D D T . A sample of l,l,l-trichloro-2,2-bis(p-chloro- 
phenyl)etnane, purified by  recrystallization by  M erck and .C o. 
and selected by the  Insect C ontrol Com m ittee as a  comparison 
standard  for purity , was examined spectrographically. T he in
frared absorption curve from 7 to  14.5 microns is shown by the 
tracing of the original record in  Figure 1. The spectrum  of the 
solvent, carbon disulfide, and the position of the am m onia absorp
tion  bands are also included for reference. Intense absorption 
bands were recorded a t  9.1 and 9.8 microns which were later found 
to  be bands common to  the  D D T  isomers and  im purities contain
ing a p-chloro substitu ted  phenyl grouping. The bands a t  9.1 and
9.8 microns were assigned to  th e  p-chlorophenyl groups by com
parison w ith p-chlorotoluene (Figure 11). A th ird  intense band 
a t  12.9, when resolved a t  low concentrations, proved to  be a 
doublet.

o,p'-IsoMEn o f  D D T . T he absorption spectrum  of 1 ,1 ,1 - t r i-  
chloro-2-o-chlorophenyl-2-p-chloro phenylethane is shown in 
Figure 2. In  addition to strong absorption bands a t  9.1 and 9.8 
microns, there is a  band of similar in tensity  a t  9.6 which is not 
present in  pure p ,p '-D D T . This band is assigned to  the o- 
chlorophenyl group b y  comparison w ith  o-chlorotoluene (Figure
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12). A strong band a t  13.3 microns also characterizes this com
pound.

to,P '- I som!e r  o f  D D T . Strong absorption a t  10.9 microns 
was the outstanding characteristic of l,l,l- trich lo ro -2-m-chloro- 
phenyl-2-p-chlorùi3henyIethane (Figure 3). M ajor absorption 
bands for the p-chlorophenyl group occurred a t  9.1 and 9.8 mi
crons. Bands a t  9.6 and 13.3 suggest the presence of some ortho 
isomer as an im purity  in this sample.

E t h y l e n e  A n a l o g  o f  D D T . One of the more probable prod
ucts of degradation of p ,p '-D D T  is the dehydrohalogenation 
compound, l,l-dichloro-2,2-bis(p-chlorophenyl)ethylene. The 
infrared absorption spectrum  of th is m aterial (Figure 4) showed 
an intense band a t  10.2 microns in addition to  the bands a t  9.1 
and 9.8 microns.

C o m m e r c ia l  B y-p r o d u c t s  o f  D D T . An im purity  found in 
commercial D D T  which arises as a by-product in  the m anufac
turing process is bis(p-chlorophcnyl)sulfone. The infrared 
spectrum  of this praterial (Figure 5) showed -intense bands a t 
7.5 and 8.6 microns and an-absorption band of lesser intensity 
a t  7.8 microns. M inim a a t  9.1 and 9.8 were also present.

The absorption curve of 2,2,2-trichloro-l-(o-chlorophenyl)- 
ethyl-p-chlorobenzenesulfonate, another by-product in  D D T  
m anufacture, showed m inim a a t  9.1, 9.6, and 9.8 microns 
(Figure 6). O ther absorption bands are a t  8.4 and 10.1 microns.

The spectrum  of l,l-dichloro-2,2-bis(p-chlorophenyl)ethane

(p ,p '-D D D ) was very similar to  th a t of pure p ,p '-D D T  except 
for displacements of some of the bands (Figure 7).

B A S IS  F O R  A S S IG N M E N T S

The designation of certain  strong absorption bands as key ab
sorption bands for the compounds involved was made on the basis 
of a  direct comparison of the spectra of the compounds. T he 
assignm ent of the band a t  9.1 microns to  the p-chlorophenyl 
group and  the band a t  9.6 microns to  the  o-chlorophenyl group 
is based solely on the spectra of p-chlorotoluene and o-chlorotolu- 
ene. A lthough these assignments seem reasonable and consist
ent, they  are ten ta tive  and  should be restricted  to  the D D T  sys
tem and no t applied to  p ara  and ortho configurations generally 
w ithout further evidence.

S E N S IT IV IT Y

The lim iting sensitivity  of the m ethod to  p- and o-chlorophenyl 
groups is abou t 0.5 mole per cent under the conditions used— 
namely, 1-gram sam ple in 5 cc. of carbon bisulfide in a  5-mil cell. 
If  higher sensitivity  for the determ ination of o ,p '- or p ,p '-isom ers
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is desired, i t  can readily be a tta ined  by using a  thicker cell or by 
using the bands a t  12.9 and 13.3 microns.

A P P L IC A T IO N S  O F  IN F R A R E D  T E C H N IQ U E

The practical value of the infrared absorption m ethod for the 
study of D D T  is illustrated  by several applications.

The purity  of laboratory recrystallized D D T  has been con
firmed b y  the  use of th e  infrared absorption technique. Com
parison of the spectra of th is m aterial and  the standard  D D T  
showed by  the absence of bands a t 9.6 and  13.3 microns th a t the 
rccrystallized m aterial was free of o-isomer (Figure 8).

Two commercial D D T  samples of a  special grade from the same 
m anufacturer gave m elting points of 106-107°and 102.5-104.5° C. 
The higher m elting sample, when subjected to  a  high-tem- 
perature te s t for caking tendency, stood up under these conditions 
while the lower m elting D D T  in the same system  failed com
pletely. T he question arose as to  w hether the caking tendency 
of the la tte r was due to  residual solvent, the  presence of which 
was indicated by  strong odor, or to  o ther im purities in the D D T .
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Spectrographic exam ination requiring less th an  30 m inutes 
showed the presence of the o,p'-isomer. T he presence of the 
o,p '-isomer in  the low' m elting sample (Figure 10) is shown by 
definite absorption a t  9.6 and 13.3 microns, while the higher 
m elting sample (Figure 9) show's only trace absorption a t  these 
W'ave lengths.

T he application of the infrared absorption m ethod of determ in
ing qualitatively  the pu rity  of D D T  was fu rther dem onstrated 
by exam ination of a group of commercially available D D T  
samples discussed in the following section. The transmission 
curves of these samples, on the basis of the absorption bands as
signed to  the isomers and  by-products, indicate the relative 
prominence of the known im purities.

‘  C O M M E R C IA L  D D T  S A M P L E S  •

As an illustration  of the applicability  of th e  m ethod in  assay
ing the  pu rity  of commercial samples, absorption coefficients 
taken from the recorded spectra  of a  num ber of commercial 
samples are tabu la ted  in Table II . The isomers and im purities

F IG .  5
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Table II. Absorption Coefficients for Impurities in Commercial 
Samples of DDT

Sam ple“
o,p

9 .6
-D D T

13.3

2,2,2-T richloro-l-(o-
ehlorophenyl)ethyl-p-

chlorobenzenesulfonate,
8 .4

Bis (p- 
chloro- 

phenyl)- 
sulfono, 

8 .6

A 0.15 0 .0 5 0 .0 6
B 0.17 0.11 0 .01
C 0 .15 0.09 0.01
D 0.01 , . . 0 .0 0 0.00
I 0 .1 4 0 .08 0.02

II 0 .14 0.09 0.02
IIIA o !04 0 .03 0 .0 0
IIIB O'. 03 0 .2 0 0.04 0 .0 0
IV 0 .1 5 0.09 0 .0 0
V 0.15 0.07 0 .01

VI 0 .06 0 .06 0 .1 2
VII 0 .1 2 0 .06 0 .0 3

V III 0 .1 5 0 .1 6 0 .0 2
IX 0.11 0 .09 0 .0 0
X 0.14 0 .07 0 .0 2

X I ©.13 0 .1 8 0 .03

° F rom  various m anufactu rers . D , II IA , and  I I IB  are  d ifferen t lots of 
a special g rade from  one p roducer; A an d  V II, B and  V, and  C an d  X I  rep 
resent pa irs  from  th ree  d ifferen t producers.

most commonly encountered in technical D D T , in addition  to 
p/p '-D D T , are (1) the o,p-isomer, (2) bis(p-chlorophenyl)sulfone, 
and  (3) 2 ,2,2-t nehloro-l-(o-chlorophenyl)cthyl-p-chlorobenzene- 
sulfonate, w ith a  trace of the m ,p  '-isomer in some samples.

T he absorption coefficient, expressed in Table I I  as logm h /1  
where h  — transm itted  radiation  a t  zero concentration and  I  = 
transm itted  radiation of the sam ple a t  the given wave length, is a 
linear m easure of the concentration of the im purities present and 
may be calibrated in term s of mole per cent by studying known 
mixtures.

An exam ination of these da ta  shows th a t there are obvious 
differences, apparen t from a  qualitative study  of the original 
records, in  th e  relative concentrations of the various im purities 
in the several samples. F o r example, samples D  and IIIA  ap
pear to  have the least am ounts of the three im purities listed above. 
Sample X I has a  high content of 2,2,2-trichIoro-l-(o-chloro- 
phenyl)ethyl-p-chlorobenzcnesulfonate, while sam ple VI is high, 
in bis(p-chlorophenyl)sulfone content. F o r 'a  finer distinction 
between samples low in o-isomer, such as IIIA  and IIIB , the band 
a t  13.3 microns was used.
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Q U A N T IT A T IV E  D E T E R M IN A T IO N  O F  D D T

Infrared absorption provides the basis for an analytical proce
dure for determ ining concentration of D D T , which has the follow
ing advantages: (a) rapidity  of analysis, results available in  less 
than  30 m inutes; (b) analysis of samples too small for gravi
m etric or volum etric methods; (c) preservation of sample.

T he m ethod has been used experim entally in  this research in 
analyzing dilute aqueous suspensions of D D T  used in tests against 
insects. The suspensions were prepared in such a  m anner th a t 
calculation of composition was not possible; the infrared method 
was therefore utilized. A quan tity  of suspension sufficient to  
yield 10 to  100 mg. of D D T  was evaporated to  dryness. T he resi
due was dissolved in sufficient carbon bisulfide to  give a solution 
containing from 0.2 to 1.2% D D T . T he concentration of D D T  
in the carbon bisulfide was determ ined accurately by infrared 
absorption, and from th is figure th e  concentration of D D T  in the 
original w ater suspension was calculated. I t  is necessary, of 
course, in  such cases to  prepare a standard  curve of transmission 
versus concentration by which transmission of the unknown 
sample can be related to its  concentration.

The same procedure can be used to  analyze spray residues re
covered from leaf surfaces, fru its, etc. Thus, in this investiga
tion, concentration of residual spray on walls has been deter
mined by washing D D T  from the surface and analyzing for D D T
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spectroscopically. In  such cases i t  is desirable to  run  a “ blank” 
consisting of the solvent ex tract of unsprayed surfaces like those 
being examined to ensure th a t  interfering substances are not 
being extracted from these surfaces.

In  carrying ou t these analyses, a  D D T  of predeterm ined com
position was used and its  trea tm en t and  exposure were such th a t 
the composition was no t altered. T he only object was to learn 
the am ount of such D D T  present in a given sample. For such 
work, the 9.8-micron band was used and only the transmission 
a t  this single band was required for analysis of the samples.

A more complicated situation  will be m et in some cases. D D T  
of unknown history or m aterial subjected to  conditions possibly 
causing chemical change m ay be subm itted. The quantita tive 
determ ination of such m aterials will require more tim e and re
sults wall be less accurate than  in the simple case cited above. 
I t  is necessary first to obtain the infrared absorption spectrum 
of the sam ple in order to  determ ine w hether im purities—e.g., 
isomers, by-products, or degradation products—are present. 
I t  has been shown previously th a t these extraneous m aterials 
have characteristic absorption bands. By means of standard  
transmission versus concentration curves prepared for the ex
traneous m aterials, their concentration in a particu lar sample 
can be determ ined. Likewise the to ta l concentration of m aterial 
showing absorption a t  9.8 microns can be m easured. The con
centration of p ,p '-D D T  in the sam ple can be determ ined by  dif-
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ference. The same procedure is useful for determ ining the pro
portions of the several isomers in D D T . By use of standard 
curves prepared from pure samples of the isomers, the concentra
tion of m ,p '-D D T  or o ,p '-D D T  in the sample can be measured. 
T he concentration of the p,p'-isom er will then  be calculated by 
difference, using the 9.8-micron band for determ ining to tal D D T  
in the sample.

S T A T U S

Although m ethods based on infrared absorption have proved 
valuable for research purposes in this investigation, their develop
m en t has no t been carried to the poin t of setting  up detailed pro
cedures which can be applied directly in control. I t  is believed 
th a t the basis for developm ent of such procedures has been laid by 
the work described above.
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Routine Analysis of Sodium-Potassium A lloys
S. L . W A L T E R S  a n d  R. R. M IL LE R  

Naval Research Laboratory, Office of Research and Inventions, Anacostia Station, Washington, D. C.

A  volumetric method for the determination of potassium in sodium- 
potassium alloys is described. A  sample of the alloy is obtained 
in an ampoule in such a way that contact with moisture and oxygen 
is prevented. The sample thus obtained is reacted with absolute 
alcohol under neohexane and subsequently titrated with standard 
acid. A llo ys  of higher than 9 2 %  potassium content are solid at 
room temperature and are analyzed by means of their freezing 
points. A n  equation is given for the freezing point curve. Accuracy  
of =**0.1% potassium is readily obtainable. Liquid alloys can be 
analyzed in less than 1 hour and solid alloys in about 5 minutes.

IN A problem involving the production of m etallic potassium , 
an  urgent need arose for a m ethod of determ ining potassium 

when alloyed w ith sodium, which could be used for routine con
trol analyses. The usual gravim etric methods involving the 
formation of th e  ehloroplatinnte, cobaltinitrite, or perchlorate 
were investigated and found sufficiently accurate, b u t too slow. 
These m ethods were used only when im purities were such th a t 
the volum etric m ethod described below was inapplicable.

The m ethod reported here was designed for alloys of sodium 
and potassium  w ith little  or no im purities. In  the presence of 
foreign elements results are v itia ted  by m ultiplied errors in  cal
culations. T he alloys analyzed in this laboratory contained over 
99.9% sodium and potassium.

A P P A R A T U S  A N D  P R O C E D U R E

The m ost difficult p art of an  alloy analysis of th is  type  is ob
taining a  clean, oxide-free sample of known w'eight. The appara
tus shown in Figure 1 was developed to enable a  weighed sam ple 
of clean alloy to  be taken, avoiding contact w ith oxygen or 
moisture.

A sample (approxim ately 30 grams) of the alloy was draw n 
in to  the sample bulb by evacuating through the stopcock and 
drawing the alloy from the original container in to  th e  sam ple 
bulb through a glass tube  fitted w ith a ground joint. T he sample 
bulb was then fitted to  the sam pling device, which was clamped 
in such a  position th a t  it  could be ro tated  to raise either end. A 
weighed th in  glass ampoule wras placed in the sam pler; the 
system  was evacuated through stopcock A  and  filled w ith  n itro 
gen through stopcock B. T he nitrogen was purified by  passing 
over copper turnings m aintained a t  425° C. and a  drying tube 
filled w ith  Anhydrone. T he sam ple bulb and sam pler were 
warmed w ith' a flame to  perm it free flow' of th e  alloy. T he ap
paratus wras then  tipped so th a t  th e  alloy could flow from the 
sample bulb in to  th e  capillary. A slight vacuum  was applied to  
draw' the desired w eight of sam ple (approxim ately 1 gram) into 
the alloy ampoule. N itrogen was adm itted  to  force th e  excess 
alloy ou t of th e  capillary back in to  the sample bulb. T he sam pler 
was returned to  the horizontal position and  th e  alloy ampoule 
was removed, quickly sealed in  a gas flame, then  cooled, and 
weighed. In  th is m anner an  accurate w'eight of clean, oxide-free 
alloy was obtained.

T he weighed ampoule of alloy was placed in  a 32 X 300 mm. 
test tube  and covered w ith  neohexane. The neohexane used w'as 
purified by washing first w ith sulfuric acid, then  w ith alkali, 
and distilling over sodium. The ampoule was broken w ith a  
glass rod  and absolute alcohol added dropwise to  th e  hexane, 
decomposing the sample. T he alcohol wras added slowiy to  avoid 
loss of sam ple by  entrninm ent in  the hydrogen evolved. The 
decomposition tube wras kept in  a  w ate l b a th  to  minimize over
heating.

W hen the sample had been completely decomposed i t  was 
w ashed ou t w ith distilled w ater in to  a  250-ml. Erlenm eyer flask 
and titra te d  w ith  1 N  hydrochloric acid, using phenolphthalein 
as indicator. A t the end point the  hexane was evaporated on a 
ho t p late and th e  titra tio n  continued to  the  m ethyl orange end 
point. T he use of phenolphthalein reduces danger of overstepping 
the m ethyl orange end point and speeds th e  titra tion .

C A L C U L A T IO N S

Calculations w'ere made in the following m anner:

Let
x  =  ’ w'eight of potassium in sample in grams
w =  w'eight of sample in  gram s
M E  = milliequivalents of hydrochloric acid

M E /1000 =  z/39.1 +  (w -  x) /23

Solving the equation for x  gave

x  =  2.43 w  -  0.0559 M E

An operator w'ith a little  practice can analyze an  alloy in less 
than  an hour w ith an  accuracy of =*=0.1% potassium . Consider
able care m ust be exercised in  following the procedure to  obtain 
this precision. T he m ost frequent errors are those caused b y  im 
pure hexane, oxide film, and loss of sample in transferring. Be
cause of the hazardous natu re  of the m aterials involved, safety 
goggles should be worn a t all tim es during sampling and decom
position of the alloy.

S O L ID  A L L O Y S

Alloys containing m ore th an  92%  potassium  are solid a t  room 
tem perature; therefore a  rapid and convenient m ethod of de
termining their composition is by  their freezing points. Since 
the published data  are no t w'ell defined in th is region (2, 8), this 
p a rt of the freezing point curve has been determ ined a t this 
laboratory.

Freezing points were taken directly in  th e  sample bulb (Figure 
1) by inserting a  calibrated therm om eter graduated in  0.2 ° C. 
The alloy was w'armed un til liquid, and th e  bulb placed in  a 
beaker of magnesia and  allowed to  cool slowly. T he first therm al 
arrest was noted, the therm om eter removed, and  the sample 
analyzed as described above. W hen per cent potassium  was 
plotted against tem perature of the freezing point a  stra igh t line 
was obtained in  the region from 92 to  100% potassium  (by 
w'eight). The equation of this line can be represented by th e  re
lationship

y  = 0.259 t +  83.5

where y  is weight per cent potassium  and t is the  corrected tem 
perature in  degrees Centigrade.

The freezing point m ethod of analysis is no t readily extendable 
to  alloys below 92%  potassium  because of th e  decreased sharp
ness of the first therm al arrest.

T he freezing point of pure potassium  was found to be 63.7 0 C. 
T his value is 1.2° higher th an  the usually reported value, b u t is

ro N.
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in good agreem ent w ith the v a lueo f 63.65° reported by Edmond
son and Egerton (1). A considerable am ount of potassium has 
been made in  this laboratory which analyzed 9 9 .9 + %  potas
sium and gave a  corrected freezing po in t of 63.7° C.

S U M M A R Y

A rapid method for the routine analysis of alloys of sodium and 
potassium is presented. Alloys of greater than  92%  potassium  
can be analyzed in less than  5 m inutes while those under 92% 
can bo analyzed in  less th an  an  hour. W ith th e  exercise of rea
sonable care results should be accurate to w ithin ± 0.1%  potas
sium. The freezing point of molten potassium has been deter
mined as 63.7° C.
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Determination of Ethylene Chlorohydrin
K A R L  U H R IG , Beacon Research Laboratory, The Texas Company, Beacon, N . Y.

A C O N V E N IE N T  m ethod for determ ining ethylene chloro
hydrin  in binary  m ixtures is the refractom etric procedure 

as proposed by B erry  (I) and  by  Gomberg (0). T his m ethod, 
however, is no t specific for ethylene chlorohydrin and is, there
fore, unsuitable in  certain  cases. O ther methods m entioned in 
the literature , such as the colorimetric procedure of Sapadinsky
(4) or one m entioned in  B erry’s (1) paper w ithout reference or 
details and involving reflux of the sam ple w ith silver n itra te  in 
nitric acid "solution, were found too unreliable. M iller and 
Denny (3) used a m ethod in which the ethylene chlorohydrin is 
hydrolyzed by barium  hydroxide on standing overnight, and  th e  
chlorine in the resulting barium  chloride is determ ined as an  indi
cation of the ethylene chlorohydrin concentration.

I t  is a  well-established fact th a t  ethylene chlorohydrin can be 
easily hydrolyzed by  refluxing w ith  caustic, and  i t  was thought 
th a t th is reaction m ight be m ade the basis of a  more specific and 
reliable method. W hile i t  was no t possible to  m ake th e  caustic 
consumed a  direct m easure of the ethylene chlorohydrin, deter
m ination of the chloride ion of the alkali chloride which is formed 
proved to  be successful.

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

A pparatus required includes an  electric (or other) ho t plate 
provided w ith a  rack for support- of reflux condensers, reflux con
densers w ith standard-taper ground-glass joints, 300-ml. Erlcn- 
meyer flasks w ith  standard-taper ground glass joints to  fit the 
above condensers, a  50-ml. buret, and assortm ents of volum etric 
flasks and pipets.

The reagents are 5%  aqueous potassium  hydroxide, c .p . nitric 
acid, 0.1 N  amm onium thiocyanate, 0.1 N  silver n itra te , and 
ferric amm onium sulfate indicator (3.5 gram s of ferric ammonium 
sulfate, 10 ml. of w ater, and 2 ml. of 6 .V nitric acid).

P R O C E D U R E

From  3 to  5 grams of sample are weighed accurately in to  a 100- 
ml. volum etric flask and dilu ted  w ith w ater to  100 ml. From  
this solution aliquots are m easured in to  300-ml. Erlenm eyer 
flasks. The volum e of the aliquots should be such th a t  they  do 
not contain more th an  350 mg. of ethylene chlorohydrin. The 
aliquots are refluxed w ith  50 ml. of 5%  potassium  hydroxide 
solution for one hour. T he contents of th e  Erlenm eyer flasks are 
then cooled to  room  tem perature, and 10 ml. of concentrated nitric 
acid, followed by 50 ml. of 0.1 N  silver n itra te  solution, are added. 
After addition of 2 ml. of ferric am m onium  sulfate indicator, the 
unreacted silver n itra te  is titra ted  w ith am m onium  thiocyanate. 
The reacted silver n itra te  is a  m easure of the ethylene chlorohy
drin in the aliquot. One milliliter of 0.1 N  silver n itra te  is 
equivalent to  8.05 mg. of ethylene chlorohydrin. A blank is run 
on 50 ml. of 5%  potassium  hydroxide solution, om itting  th e  re- 
fluxing.

I f  the sample should be dissolved in a  nonaqueous, w ater- 
insoluble solvent, the  sam ple w eight should be such th a t no t 
more th an  350 mg. of chlorohydrin are actually  present and the 
entire sample should be refluxed. T his am ount of ethylene chlo

rohydrin (350 mg.) is the safe maximum am ount which can be 
determ ined w ith 50 ml. of 0.1 N  silver n itrate .

Solvents and  compounds which contain loosely combined 
halogens interfere w ith  the determ ination of chlorohydrin. In 
case any  of these compounds are present, it  is suggested th a t  the 
chlorohydrin be ext racted w ith two equal volum es of w ater 'and 
be determ ined in each extract. If  Ai and X 2 represent the grams 
of ethylene chlorohydrin found in the respective extracts, the 
gram s of ethylene chlorohydrin in the original sample, X ,  can be 
calculated from

AVX  =
X i  -  A  2

Some chlorinated solvents have an appreciable solubility in 
w ater. Since these are  usually  highly chlorinated, even a  rela
tively low solubility m ay introduce considerable errors. Chloro
form belongs in this class. In  such instances distillation will 
probably be the  best m eans for separating  ethylene chlorohydrin 
from the interfering substances.

If  ethylene chlorohydrin is to  be determ ined in  presence of in
organic chlorides, d istillation  will also be the m ost convenient 
m eans for separation. C are m ust be taken  th a t sufficient w ater 
be present or be added, so th a t  the constant-boiling m ixture 
(42.5%  ethylene chlorohydrin, 57.5%  w ater; boiling po in t 96° C. 
a t  760 mm.) will carry  over th e  ethylene chlorohydrin w ith the 
first portions of the distillate.

T he accuracy and  reproducibility of the m ethod described 
are evidenced by T able I, which shows a  few of th e  m any results 
obtained on aqueous and  nonaqueous solutions of ethylene chloro
hydrin.

Table I. Ethylene Chlorohydrin
F ound , M g. P resen t, M g. Solvent

26 .4 27 .0 W ater
59 .5 59 .4 W ater

117.3 118.3 W ater
177.7 178.0 W ater
235 .5 237 .0 W ater
357 .8 357 .6 W ater
196.3 195.9 X ylene
322 .5 324 .0 X ylene
355 .9 359 .0 C arbon  te trach lo ride

plus xylene 1 to  1
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Colorimetric Determination of Local Anesthetic Compounds
F. J. B A N D E L IN  A N D  C. R. K EM P 1, Research Laboratories, Flint, Eaton and Co., Decatur, III.

A N U M B E R  of esters of p-aminobenzoic acid are employed 
in  therapeutics as local anesthetic agents. Since- these 

compounds contain a  diazotizable ary l amine group, the authors 
have adapted  the B ra tton  and M arshall m ethod (2) of deter
m ining sulfanilamide- derivatives to  the colorim etric determ ina
tion of these anesthetic agents. In  th is method, the prim ary  aryl 
am ine is diazotized and coupled w ith iV -(l-naphthyl) ethylenedi- 
am ine to yield a  colored azo dye. Use of th is coupling component 
results in a simpler and more sensitive m ethod th an  when fl- 
naphthol is employed as described by W illstadt (7") and  Eissner
(3). A lthough the m ethod is no t specific when two or more p ri
m ary ary l amines are present as a  m ixture, such m ixtures are 
seldom encountered in practice, and  the diazotization procedure 
is generally m ore specific and  sim pler th an  the brom ination 
m ethods used for assay of local anesthetic agents (1, 5, 6).

The official U .S.P. X II  drugs, benzocaine, procaine hydrochlo
ride, butacaine sulfate, and  bu ty l aminobenzoate were chosen for 
investigation, although o ther local anesthetic agents, such as 
larocaine, tutocaine, monocaine, and panthesine m ay be deter
mined in a  sim ilar m anner. Cocaine, metycaine, alypinc, sto
vaine, diothane, nupercaine, and  phenacaine do n o t yield azo 
dyes and hence do no t interfere in  the determ ination. Likewise, 
epinephrine and  ephedrine, which are often used in conjunction 
with local anesthetic agents, do no t interfere.

R E A G E N T S

S tandard  solutions of anesthetic compounds.
0.001%  solutions of benzocaine, procaine hydrochloride, 

bu tyn  sulfate, and  butcsin in  distilled w ater were prepared w ith 
the aid of a m inim al quan tity  of dilute hydrochloric acid if 
necessary.

10% amm onium hydroxide solution.
4 N  sulfuric acid.
Chloroform, reagent grade.
All other reagents necessary were prepared according to  the 

specifications of B ra tton  and M arshall (8 ) w ith  the exception 
of ammonium sulfam ate which was replaced w ith undenatured 
95%  per cent ethanol as recommended by Lee, H annay, and 
H and (4).

D E V E L O P M E N T  O F  C O L O R

P ipct 1, 2, 3, 4, and 5 cc. of th e  respective standard  solutions of 
the anesthetic compounds into 50-cc. volum etric flasks each con
taining 5 cc. of 4 N  sulfuric acid. Add 1 cc. of 0 .1%  sodium ni
trite  solution to each flask and allow to  stand  3 m inutes, then add 
5 cc. of 95%  ethanol and allow to  stand  for 2 m inutes. Add 1 
cc. of 0.1%  Ar-(l-naph thy l) ethylcnediam ine solution, shaking 
after each addition, and make up to  volume w ith distilled water. 
The color is developed rapidly and m ay be read  in  a  photoelectric 
colorimeter after several m inutes.

P H O T O M E T R IC  M E A S U R E M E N T S

A bsorption curves w ith a single peak absorption a t  545 m/a, 
using a Coleman M odel 10-S spectrophotom eter, were noted.

Per cent transm ittances of the solutions were determ ined w ith 
an elcctrophotom eter (Fisher Elcctrophotom eter, Fisher Scien
tific Co., P ittsburgh, Pa.), using a  filter transm itting  a t  525 m/a 
and plotted against concentration on semilog paper. A plot of the 
per cent transm ission thus obtained resulted in  a  sm ooth curve 
which was essentially a  stra igh t line in conform ity w ith B eer’s 
law.

A Q U E O U S  A N D  IN JE C T A B L E  S O L U T IO N S

D ilute the solution w ith distilled w ater so th a t  the final dilu
tion contains approxim ately 10 micrograms of p-aminobenzoic 
acid ester per cc. Use a  5-cc. aliquot of th is dilution for the de
velopment. of color. Read the per cent transm ittance on a photo
electric colorimeter and determ ine the concentration from the 
standard  curve.

1 P resen t address, D e p artm en t of In te rn a l M edicine, U n iversity  H ospitals, 
S ta te  U niversity  of Iow a, Iow a C ity , Iow a.

O IN T M E N T S

Weigh accurately a  sample of o in tm ent calculated to contain 
approxim ately 0.1 gram of p-aminobenzoic acid ester. Dissolve 
in 50 cc. of petroleum  ether and ex tract w ith five 10-cc. portions 
of 1% sulfuric acid. F ilte r the combined acid extracts through 
a moistened filter paper in to  a 100-cc. volum etric flask and add 
sufficient distilled w ater through the filter to  bring the volume to 
100 cc. T ransfer 5 cc. of th is solution to  a  500-cc. volumetric 
flask and m ake up to  volum e w ith distilled w ater. Use a  5-cc. 
aliquot of this dilution for th e  developm ent of color. R ead the 
per cent transm ittance on a  photoelectric colorimeter and de
term ine the concentrations from the standard  curve.

C O M P R E S S E D  T A B L E T S

Reduce 10 or 20 tablets, whichever is m ost convenient, to  a 
fine powder by  grinding in a  m ortar. Accurately weigh a portion 
of th is powder calculated to  contain approxim ately 0.1 gram  of 
the p-aminobenzoic acid ester. Suspend or dissolve the powder 
in 50 cc. of distilled w ater in  a separatory funnel, make slightly 
alkaline w ith 10%  amm onium hydroxide, and ex tract w ith five 
10-cc. portions of chloroform. Pass the combined chloroform ex
tractions through a funnel containing a small pledget of cotton 
previously m oistened w ith  chloroform and wash the funnel and 
cotton w ith an  additional 10 cc. of chloroform. E vaporate the 
chloroform on a w ater ba th  w ith the aid of a  gentle air blast 
impinged on the surface of the solution. W hen the chloroform 
solution has reached a  volume of 5 cc., add 5 cc. of e thy l alcohol 
and evaporate to  dryness a t  a  tem perature no t exceeding 50 ° C. 
To the dry  residue add 5 cc. of alcohol and  then  50 cc. Of 1% 
sulfuric acid and w arm  on a w ater b a th  to  50 ° C. T ransfer to  a 
100-cc. volumetric flask w ith the aid of distilled w ater and make 
up to  volume w ith distilled water. T ransfer 5 cc. of th is solution 
to a 500-cc. volum etric flask and make up to volume w ith distilled 
w ater. Use a 5-cc. aliquot of this dilution for the developm ent of 
color. Read the per cent transm ittance on a photoelectric color
im eter and determ ine the concentration from the standard  cuęve.

B L O O D  A N D  S P IN A L  F L U ID

To 4 cc. of trichloroacetic acid in a 15-cc. centrifuge tube, add 
1 cc. of blood, serum, plasma, or spinal fluid dropwise, shaking 
after the addition of each drop. Centrifuge for 3 m inutes and 
transfer 1 cc. of the clear, supernatan t liquid to  a 100-cc. volu
m etric flask. M ake up to  volume w ith distilled w ater and use a 
5-cc. aliquot of this dilution for the developm ent of color. Read 
the per cent transm ittance on a  photoelectric colorimeter and 
determine the concentration from the standard  curve. I f  higher 
concentrations arc expected, o ther suitable dilutions m ay be used.

T his m ethod cannot be used if sulfonamides are present, since 
they  will interfere by giving the same color reaction.

D IS C U S S IO N

T he color produced in this reaction develops rapid ly  and 
reaches its  full in tensity  in from 1 to  2 m inutes. I t  is stable for a t  
least 4 hours, w ith the exception of b u ty n  sulfate, in which case it 
begins to  fade in about one hour. Exposure of the colored solu
tions to  strong ligh t should be avoided, since th is causes fading.

T he best working range for th is m ethod was found to  be from 
10 to 50 micrograms for the elcctrophotom eter used.

A num ber of determ inations carried ou t on known am ounts of 
the compounds investigated indicate th a t a  maxim um  error of 
about 2 %  m ay be expected in  the recom mended working range.

The efficiency of th e  m ethod for pharm aceutical preparations 
depends upon the thoroughness of extraction  and the complexity 
of the m ixture. As poin ted  ou t above, diazotizable ary l amines 
interfere, and  the possibility of the ir presence in  complex m ixtures 
m ust be considered.

S U M M A R Y

A rap id  colorim etric m ethod for the determ ination of local 
anesthetics of the p-aminoben?oie acid ester type consists of
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diazotizing th e  amino group and  coupling w ith A l-(l-naphthyl)- 
ethylenediam ine dihydrochloride. D a ta  resulting from deter
m inations of procaine hydrochloride, benzocaine, b u tyn  sulfate, 
and  butesin  indicate a m aximum error w ithin 2 %.

Procedures for the determ ination of these compounds in  pure 
systems,, in  biological fluid, and  in  various pharm aceutical p repa
rations are given. A rom atic amino compounds, notab ly  sulfona
mides, interfere.
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Molecular W eight and Mercaptan Content of Mixtures of 
Primary Mercaptans
G ravim etric  Determination

H . A .  L A 1 T IN E N , A .  S. O ’BRIEN 1, A N D  J. S. N E L S O N , W . A .  Noyes Chemical Laboratory, University of Illinois, Urbana, III.

The mercaptan sulfur content of a mixture of primary mercaptans is 
determined by titration with silver nitrate, and the weight of silver 
mercaptide formed during the titration is determined. From these 
data the average molecular weight of the mercaptans and the per
centage of mercaptans are calculated. The percentage of non- 
mercaptan material is found by difference.

CO M M ER C IA L m ixtures of prim ary m ercaptans m ay con
ta in  varying am ounts of alkyl disulfides, alkyl halides, 

alcohols, etc., as im purities. A m ethod was desired for deter
mining the average molecular w eight of the m ercaptan fraction 
of the mixture, ra th er than  the average molecular weight of the 
whole m ixture as would be determ ined by  cryoscopic measure
m ents. The percentage of nonm ercaptan m aterial is often of 
in terest in  following the fractionation of mixtures.

Knowing the weight of silver m ercaptide formed from a known 
num ber of moles of m ercaptan (determ ined by silver n itra te  ti
tra tion), the molecular weight of the m ercaptan fraction can be 
calculated.

P R O C E D U R E

Dissolve an accurately weighed sample of 0.3 to  0.5 gram  of 
m ercaptan in 400 ml. of absolute ethanol in a 600-ml. beaker. 
Add 6 ml. of concentrated amm onium hydroxide, and titra te  with 
0.1 N  aqueous silver n itra te  to  an am perom etric end point (7), 
adding the reagent dropwise w ith efficient stirring. If  more than  
0.1 ml. of reagent in excess is added, i t  is advisable to  baek- 
titra te  w ith a  very dilute solution of m ercaptan in  alcohol.

After allowing th e  precipitate to  settle, pour the clear super
n a tan t liquid through a weighed fritted-glass crucible. D o no t 
transfer any precipitate. Pour the suspension of precipitate into 
centrifuge tubes and centrifuge a t  high speed for 3 minutes. 
W ash the precipitate quan tita tively  into the centrifuge tubes 
w ith absolute ethanol, loosening the precipitate w ith th e  aid of a 
rubber policeman. S tir up the precipitate in the centrifuge tubes 
and centrifuge again. R epeat the operation of adding ethanol, 
stirring, and centrifuging until th e  precipitate has been washed 
three times. T ransfer the precipitate in to  the crucible using a 
minim um q u an tity  of ethanol and allow to  drain.

D ry  the precipitate for 2 hours a t  60 0 to  70 0 in  a  vacuum  oven 
and weigh.

C A L C U L A T IO N S

M  = 1000 w
A X A!- -  106.9

P er cent RSH = X
10

1 Present address, Eastm an Kodak Co., Rochester, N. Y.

Per cent nonm ercaptan m aterials =  100 — per cent RSH

where M  = average molecular weight of m ercaptans in  m ixture 
IF =  weight of silver m ercaptide 
A  =  ml. of silver n itra te  used 
N  = norm ality  of silver n itra te  
S  =  weight of sample

D IS C U S S IO N

Because of the difficulty of washing the precipitated silver mer- 
captides, th e  precipitation is carried ou t w ith an exactly equiva
len t am ount of silver n itrate. T he am perom etric m ethod of 
Kolthoff and H arris (7), in which aqueous silver n itra te  is added 
to  an am m oniacal alcoholic solution of m ercaptan, was found 
convenient. The potentiom etric m ethod of Tam ele and Ryland
(2), using alcoholic silver n itra te , could also be used. An acci
dental excess of silver can easily be removed by adding a very 
d ilute alcoholic solution of m ercaptan of known concentration.

In  order to  p revent occlusion of m ercaptan w ith the silver mer
captide i t  was found necessary to  use sufficient alcohol and to 
t i tra te  w ith silver n itra te  of such concentration th a t the final 
composition of the solvents was 95%  alcohol. To prevent local 
excess of water, th e  silver n itra te  should be added slowly w ith 
efficient stirring. The use of alcoholic silver n itra te  (2) m ight be 
advantageous.

Considerable difficulty was encountered in  filtering the silver 
m ercaptide. T he m ercaptide settled readily, leaving a clear 
supernatan t liquid, b u t the precip itate clogged the pores of the 
filter. The best filtering medium found was a  fine fritted-glass 
crucible under efficient suction. Since washing the precipitate 
on the filter was too slow to be practical, centrifuging and de- 
cantation were used.

The precipitate was found to  decompose when dried a t  100° C., 
b u t a t  tem peratures up to  70° C. no change in weight upon pro
longed heating was observed, even though the color darkened 
to  a  deep orange. M ercaptides containing an excess of silver ni
tra te  were less stable th an  carefully washed samples.

T he procedure given above is intended for m ixtures of prim ary 
m ercaptans. W hen applied to  te rtia ry  m ercaptan  mixtures, two 
difficulties were encountered. T he silver m ercaptides of mixed 
te rtia ry  m ercaptans were found to  be soluble in alcoholic solu
tion. By adding enough w ater after th e  addition of silver n itra te  
to  make th e  final solution 75 to  85%  alcohol, the mercaptides 
were precipitated. However, the m ercaptides were liquid a t  room 
tem perature, making the filtering and washing operations very 
difficult. B y carrying ou t the titra tion  a t  0° to  —15° C., the
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Table I. Molecular Weight of Primary Mercaptans
M ercap tan  Sulfur M olecular W eight

M ercaptan Caled. Found Caled. Found RSH
% % %

CsH hSH 21.91 21 .00 146.3 146.5 9 6 .0
C itH nSH 18.39 18.15 174.3 • 175.2 9 9 .2
CnH -iSH 15.84 15.74 202.4 202 .3 99 .3
Ch H mSH 13.91 13.80 230.4 232 .8 100.2
CisHaaSH 12.40 12.35 258.5 260 .5 100.4

m ercaptides were precipitated as solids which could be filtered 
and washed (with 70%  alcohol) w ithout centrifuging. U nfortu
nately, even the low -tem perature technique did no t perm it filtra
tion w ithout centrifuging when applied to prim ary m ercaptans. 
The accuracy of the modified method for te rtia ry  m ercaptans was 
no t established, although the precision was comparable to  th a t  of 
the prim ary m ercaptan method.

A C C U R A C Y  A N D  P R E C IS IO N

A series of straight-chain prim ary m ercaptans containing eight 
to  sixteen carbon atom s per molecule was analyzed. The mercap-

tans were prepared from carefully fractionated alkyl bromides 
which were obtained from alcohols derived from fats. The sam 
ples were believed to  be of the correct molecular weight, bu t it  was 
suspected th a t they contained small am ounts of nonm ercaptan 
impurities.

The results arc given in T able I. Each result is the averag&]of 
a t least three determ inations.

From  the results in Table I it is concluded th a t the method yields 
the correct molecular weight to  an  accuracy of 1 to  2 units of mo
lecular weight (0.5 to  1%).

D uplicate determ inations in general were reproducible to ±1 
un it of molecular weight.

L IT E R A T U R E  C IT ED
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Determination of A c id  in the Presence of Aluminum
R. P. G R A H A M 1, Columbia University, New York, N . Y.

O f the methods proposed for estimation of free acid in aluminum 
salts, probably the most satisfactory are those in which the acid is 
titrated with standard alkali after conversion of the aluminum into a 
stable complex ion. From the Craig procedure, which involves 
the fluoride complex, an accurate method has been developed for 
the determination of acid in solutions in which the concentration of 
acid is high with respect to that of aluminum. A  volumetric method 
for the analysis of hydrous alumina, embodying the improved pro
cedure, is described.

LIT E R A T U R E  arid d a ta  relative to  the determ ination  of 
acid in  the presence of alum inum  salts have been in  exist

ence for nearly a hundred years. [References to  m uch of the 
early literatu re  on the subject are given by Beilstein and Grosset
(I),  Ivanov (10), and Kolthoff and Furm an  (12).] Because of 
the industrial im portance of alum inum  sulfate, m ost of th e  work 
has been devoted to  the study  of m ethods of determ ining free 
acid in samples of this salt.

The direct titra tio n  of the free acid in  alum inum  sulfate by 
means of standard  base has been widely advocated. Indicators 
th a t have been recommended as suitable for use in  such a  ti tra 
tion in the  presence of the sa lt include Congo red (21), m ethyl 
orange (alone, 2, and w ith M artius yellow, 19), thym ol blue (S), 
sodium alizarin sulfonate (17), and the coloring m a tte r of peonies 
(17). Procedures employing differential back-titrations for 
the determ ination of both alum inum  and  free acid in  alum inum  
sulfate have also been suggested (2, 6). In  some of the methods 
the use of titra tio n  reference standards containing pure alum i
num  sulfate a t  the appropriate concentration is recom mended; 
such a  procedure should be regarded as essential because the pH  
of a  solution of a  pure alum inum  s a l t  is dependent on th e  concen
tration  (and on the tem perature and on the natu re  of the  anion). 
T he outstanding disadvantage of methods involving a  titra tio n  
in thé presence of the alum inum  salt is th a t, because of hydrolysis 
of the alum inum  ion, th e  indicator does no t undergo a  sharp 
color change.

O ther procedures, in  which the alum inum  is precip itated  before 
the titra tio n  of the  free acid, have been proposed. In  particular, 
m ethods based on th e  insolubility of am m onium  alum  in  ethyl 
alcohol (1, 11) and on th e  precipitation of alum inum  by  potas

1 Preseat address, M cM aster University, Hamilton, Ontario, Canada.

sium ferrocyanide (10, 25) have been recommended. In  some e f  

these procedures the acid.is ti tra ted  in  the presence of th e  pre
cipitated alum inum ; in others the precipitate is first rem oved by 
filtration. The precipitation methods are troublesom e and 
ra ther inaccurate.

C ertain o ther m ethods th a t have been studied (13, 14, IS , 23) 
are, like the foregoing ones, subject to  criticism on one ground or 
another.

T he m ost satisfactory m ethods for. th is determ ination, and 
the ones th a t have wide applicability to  alum inum  salts in  general, 
achieve rem oval of the interference of alum inum  by combining 
i t  in the form of a complex ion. The free acid m ay then  be deter
mined by titra tio n  w ith  standard  a lkali; the  iodometric method 
has also been proposed (8). Complexes th a t have been suggested 
as sufficiently stable to  prevent significant hydrolysis of the alu
m inum  ion arc those formed w ith oxalate (8, 9) and fluoride ions 
[a m ethod has been investigated (24) th a t  depends on the pre
vention, by th e  use of the citra te  complex, of one th ird  of the 
hydrolysis norm ally arising from alum inum  on titra tio n  with 
hydroxide]. T he technique involving the form ation of a  fluoride 
complex is recommended by, among others, Scott (18), Rosin 
(16), and Thorpe (22).

T he fluoride m ethod for the determ ination  of free acid was 
probably first proposed by Craig (5). T he alum inum  salt is dis
solved in  w ater, potassium  (5, 18), or sodium fluoride (16, 22) 
solution (previously ad justed  to  be neu tral to  phenolphthalein), 
is added in  sufficient excess to  convert th e  alum inum  into  the 
hexafiuoalum inate complex, and the free acid is then  titra ted  by 
m eans of standard  alkali to  a  phenolphthalein end point. Bromo- 
thym ol blue has also been used (7) as an indicator in connection 
w ith the fluoride method. A m ethod for the sim ultaneous deter
m ination of free acid and alum inum  ion, m aking use of the fluo
ride complex, has been proposed recently (20).

M O D IF IC A T IO N  O F  F L U O R ID E  M E T H O D

In  the course of a study  of the reactiv ity  of hydrous alumina 
tow ard acids,.it was necessary to  determ ine th e  decrease in the. 
norm ality  of a num ber of acid solutions th a t  had been in contact 
w ith hydrous alum ina for various periods of time. The alum i
num  concentration of th e  solutions to  be analyzed varied from . 
0 to  a maximum value of approxim ately 0.03 M , whereas the acid
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Table I. Accuracy of Conventional0 Fluoride Method
Concn. of 

Al + + +, 
M oles/L iter

Concn. of F “ ,
M o lcs /L itc r M olar ra tio . T ite r  of HC1

Recovery 
of Acid

X 10< X 102 f - / a i  + + + (± 0 .0 0 0 1  N ) (± 0 .1 % )
42 12 .5  30 0 .0939 9 8 .0
83 25 30 0.093G 97 .7

100 30 30 0.0921 96 .1
0 "C o n v en tio n a l” m eans a  m ethod in  w hich th e  fluoride is added  before 

th e  s ta r t  of th e  t i tr a tio n . D etails  of such a  m ethod— e.g., concen tration  of 
base em ployed fo r th e  t itra tio n — v a ry  from  one w orker to  a n o th e r (<5,1 6 ,1 8 )

Table II. Accuracy of Improved Fluoride Method
Concn. of E x te n t of

Al + + \ M olar N eu tralization
M oles/L iter R atio . W hen K F  A dded T ite r  of HC1 R ecovery of

X 10« F - /A 1  + + + (± 0 .1 % ) (± 0 .0001  N ) Acid (± 0 .1 % )
111 30 ' 9 7 .0 0 .0947 ‘ 9 8 .9
111 30 98 .5 0.0953 99 .5
111 30 9 9 .5 0.0959 100.1
67 60 99 .5 0.0959 100.1
67 30 ' 99 .5 0 .0958 100.0
67 15 99 .5 0.0959 100.1

concentration, in  general, ranged from initial values of 0.2 or 
0.1 N  to  norm alities little  more th an  half of these figures. Thus, 
although qualitatively  the problem was sim ilar to  th a t of deter
mining free acid in alum inum salts, the  concentration ratios of 
acid to  alum inum encountered in  th is work were relatively high.

Experim ents using sulfuric, hydrochloric, nitric, or oxalic acid, 
together w itli dissolved alum inum  chloride, showed th a t  the con
ventional fluoride m ethod (in which the fluoride is added before 
the alkalim etric titra tion ) is no t quantita tively  accurate when the 
concentration of acid is high w ith respect to  th a t of alum inum . 
For example, w ith an  acid concentration of 0.07 N , an  aluminum 
concentration of 5.6 X 10~3 M , and a potassium  fluoride concen
tra tion  of 1.7 X 10-1 M , the  acid recovery was found w ith these 
acids to  vary  from 97.6 to  98.6% . T he d a ta  in  T able I  fu rther 
illustrate th e  degree of inaccuracy encountered. (The mole ratio  
of acid to  aluminum in these experiments was several hundred 
times th a t encountered in alum inum salts where the mole ratio 
of free acid to  aluminum may be of the order of 0 .01.)

The solutions used in  these titra tions were prepared by adding 
to 20.00 ml. of standard  hydrochloric acid solution sufficient 
alum inum chloride hexahydrate (recrystallized from an analyzed 
grade salt) and 1 M  potassium  fluoride solution (previously ad
justed so as to  give a very fain t pink shade in .th e  presence of 
phenolphthalein—i.e., neu tral to  phenolphthalein—and then 
stored in  a  wax-lined bottle) to  give the concentrations noted in 
the table. The solutions were titra ted  in a paraffined beaker by 
means of standard  0.1 N  sodium hydroxide solution to  a phenol
phthalein end point. The indicator blanks on w ater, potassium 
fluoride, and alum inum  chloride plus potassium  fluoride were 
identical. T he concentration of hydrochloric acid in  th e  20.00- 
ml. sam ple (determ ined in both  th e  absence and presence of po
tassium  fluoride) was 0.0958 =<= 0.0001 N.

Although the molar ratio  F ” /A1+++ was constant in these ex
periments, the percentage of acid recovered decreased w ith in
creasing concentration of alum inum . T his effect is very possibly 
due to  increased occlusion of acid by  the larger am ount of alkali 
fluoaluminate precipitate a t  the higher alum inum  concentrations. 
T h a t th e  percentage recovery of acid is also a function of the 
molar ra tio  F ~ /A l+4'+ was shown in a series of sim ilar experi
m ents; w ith th is ra tio  varying from 7 to  30, and w ith the con
centration of alum inum  0.01 M , th e  recovery varied from 99.1 to  
96.1%.

If  the low values obtained for acid in  the presence of alum inum 
are due to  losses by  occlusion, th is effect should be greatly  lessened 
by adding th e  potassium  fluoride, n o t a t  th e  beginning of th e  ti
tration, b u t a t  a  stage corresponding to  alm ost complete neu
tralization of th e  acid. T his modification of the  m ethod leads 
to  accurate determ inations of free acid in  th e  presence of alum i
num, as shown by th e  da ta  in T able II.

A t least w ith th e  concentrations used in the above experiments, 
the efficiency of the acid recovery is independent of the molar 
ratio  F _ /A1+++ when th e  potassium  fluoride is added a t  a  stage 
of the titra tio n  corresponding to  99.5% neutralization. (A 
minimum m olar ra tio  of 6 is ,'o f course, necessary to  convert the 
alum inum ion to  AlFt .)

O ther experiments—for example, w ith oxalic acid and alum i
num  chloride—have confirmed the above finding th a t  quan tita 
tive determ inations of the acid m ay be carried ou t in  the presence 
of alum inum , if addition of th e  potassium  fluoride solution is de
layed un til neutralization is w ithin a  few ten ths of 1%  of com
pletion.

In  practice, one or two trial determ inations will be necessary 
in order to  ascertain  the poin t a t  which th e  neu tral potassium 
fluoride solution should be added. The w riter has found it  con
venient to  add th e  potassium  fluoride a t  the s ta r t of the first trial 
titra tio n  (titra tions are carried ou t in  paraffin-lined beakers), and 
from th e  value obtained for the acid titer, ten tatively  assuming it 
to  represent 98%  of th e  true  tite r, to  calculate the volum e of al
kali corresponding to  99.5%  neutralization. T he potassium 
fluoride is added after the addition  of th is volum e of alkali in  the 
titra tion  of the second aliquot, and if the end point is no t ob
tained w ithin 0.5%  of th is value, the potassium  fluoride point of 
addition is fu rther adjusted before titra tin g  rem aining aliquot 
samples.

V O L U M E T R IC  A N A L Y S IS  O F  H Y D R O U S  A L U M IN A

W hen hydrous alum ina is prepared by precipitation from an 
alum inum  salt, i t  is norm ally contam inated w ith th e  anion of the 
sa lt used. No such anion, however, is present in  alum inas pre
pared by the in teraction  of am algam ated alum inum  m etal with 
distilled w ater. I f  a weighed quan tity  of such a  pure hydrous 
alum ina is dissolved in  an  excess of standard  acid, and the excess 
determ ined using the fluoride m ethod to  elim inate th e  interfer
ence of the alum inum , then  the  equivalents of alum inum  present 
are given by  th e  equivalents of acid neutralized. [For volumetric 
m ethods for alum inum , m aking use of the fluoride complex, see 
Snyder {20) and the references given by him, and the paper by 
Chernov and N ekrasov (4).] From  the alum inum  content, the 
composition of the alum ina in term s of ALOi.zHjO is readily deter
mined. T he calculation is facilitated by the use of the readily 
derived relationship:

„ 6000 w
h M - =  { x - y ) N

where F .1F. =  form ula weight of AI2O3.XH2O
w  =  weight of hydrous alum ina sample
N  — norm ality  of standard  alkali used
x  = ml. of standard  alkali required to  ti tra te  volume

of acid used for dissolution of sample 
y = ml. of standard  alkali required to  ti tra te  excess 

acid a fter complete dissolution

T he following procedure was used:

A 0.23-gram sam ple of powdered pure hydrous alum ina was 
weighed to  =*=0.1 mg. and transferred to  a  125-ml. Erlenm eyer 
flask, 50.00 ml. of standardized 0.4 N  sulfuric acid were added, 
and  the m ixture was boiled gently until solution was complete. 
D uring th e  dissolution period, which required 2 to  3 hours, the 
volume of th e  acid solution was m aintained essentially constant 
(by additions of w ater), un til tow ard the end when i t  was allowed

Table III. Sodium Hydroxide Required to Titrate Sulfuric A c id  
after Various Treatments

T itra tio n  a fte r A ddition  ol 
AlCIi equivalent

D irec t T itra tio n  a fte r Boiling oJ neu tra l AliOi and  15 ml.
T itra tio n  2 hours 3 hours 2 M  K F  . of 2 M  K F

3 2 .6 6  3 2 .6 5  32 .63  32 .65  32 .68
32 .64  3 2 .6 5  32 .63  3 2 .6 7  32 .67
32 .66  32 .63
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to  decrease to  approxim ately 25 ml. The solution was cooled to  
room tem perature and the excess sulfuric acid present was t i 
tra ted  by m eans of standard  alkali according to the improved 
fluoride method, using 15 ml. of 2 M  potassium  fluoride solution 
(neutral to  phenolphthalcin).

Table IV . Analyses of Hydrous Aluminas by Volumetric and 
Gravimetric Methods

Sam ple 1 
G rav im etric  V olum etric

Sam ple 2 
G rav im etric  V olum etric

Fo rm ula  weights

A verage form ula 
w eight 

A verage x  in A ljO j. - 
*H2Ö

'156 .7 157.3 142.7 143.7
157.1 157.5 142.2 143.7
156.7 157.4 142.2 143.7

.156.9 142.3 143.9

156.9 157.4 142.4 143.8

3 .1 3 .1 2 .2 2 .3

T ests showed th a t quan tita tive  acid recovery was obtained for 
conditions similar to those of an  analysis. In  these control ex
perim ents, a  constan t volum e of 0.3930 N  sulfuric acid, diluted 
to  35 ml., was titra ted  by means of approxim ately 0.3 N  sodium 
hydroxide after the treatm ents noted in  Table I I I  (the figures in 
th is table refer to  th e  num ber of milliliters of sodium hydroxide 
solution required).

A comparison of the  results obtained using the volum etric 
m ethod outlined above w ith those given by the gravim etric pro
cedure (ignition to  constant w eight in  platinum , using a F isher 
blast burner) is given in  Table IV . B oth  alum ina samples had 
been prepared, one (sample 1) a t  room tem perature and the other 
a t  an  elevated (95° to  100° C.) tem perature, by the in teraction  of 
am algam ated alum inum  w ith distilled w ater. The filtered hy
drous oxide was allowed to  stand  for a  few days, then  pulverized, 
and finally dried to  constant weight in a ir a t  25° C.

T he precision of the  volum etric m ethod is excellent, and the

values obtained are in very  good agreem ent w ith those given by 
the standard  gravim etric ignition procedure.
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Colorimetric Determination of Cobalt in Metallurgical 
Products with Nitroso R Salt

R. S. Y O U N G , E. T. P IN K N E Y , a n d  R. DICK 

Nchanga Consolidated Copper Mines, Ltd., Chingola, Nprthern Rhodesia

TH E  routine determ ination of sm all quantities o f-cobalt in 
m etallurgical products by the standard  a-nitroso-P-naplithol 

gravim etric method is unsatisfactory. For m aterials ranging in 
cobalt content from 0.005 to  0.2% , the large in itial sam ple and 
the resulting separations involving several reprecipitations 
render the gravimetric procedure exceedingly time-consuming 
and subject to  th e  errors inherent in  all lengthy analytical 
m anipulations.

A colorimetric procedure based on th e  red color formed by 
nitroso R  salt in the presence of cobalt under certain conditions 
has been used in recent years for determ ining very small quanti
ties of th is elem ent in  biological materials (3). Haywood and 
Wood (I) have described a  photom etric m ethod for cobalt in 
steels, using nitroso R  salt. These procedures are based on the 
fact th a t the colored complexes formed by most of tho common 
elem ents w ith  nitroso R  salt, except cobalt, are destroyed by 
nitric acid. T he full developm ent of the color w ith cobalt is 
a tta ined  in th e  presence of sodium acetate, and such variables as 
qu an tity  of nitric  acid and of nitroso R  salt, tim e of boiling, etc., 
have an influence on the developm ent of the color.

In  th is laboratory several im portant modifications have been 
introduced to  su it the  requirem ents of complex ores and m etal
lurgical products, to  widen the applicability of the previous m eth
ods, and to  save tim e and material. While th e  details of this pro

cedure were worked ou t for final color m easurem ents in a Spekkcr 
photoelectric absorptiom eter, any o ther colorimetric m eans of 
determ ining concentrations in  solutions, by  photoelectric or 
visual colorimeters or Nessler tubes, can be employed.

P R O C E D U R E

R e a g e n t s . C obalt sulfate, 0.2385 gram  of cobalt sulfate 
hep tahydrate  dissolved and m ade up  to 1 lite r w ith water.

N itroso R  salt, 1 gram  dissolved in w ater and  m ade up  to  500 
ml.

Spekker acid, 150 ml. of phosphoric acid (sp. gr. 1.75) and  150 
ml. of sulfuric acid (sp. gr. 1.84) made up to 1 liter w ith water.

Sodium acetate, 500 gram s of sodium acetate  .trihydrate dis
solved and  made up to  1 lite r w ith water.

C a l ib r a t io n  G r a p h . T o 0, 1, 2, 3, etc., up to  11 ml. of 
standard  cobalt sulfate solution are added 2 ml. of Spekker acid, 
10 ml. of nitroso R  sa lt solution, and 10 ml. of sodium acetate 
solution. A blank is m ade by adding 2  ml. of Spekker acid and 
10 ml. of sodium acetate solution b u t om itting  the nitroso R  salt. 
The b lank and  the standard  solutions are brought to  the boil on a 
ho t plate, 5 ml. of n itric acid are added, and the solutions are 
boiled for a t  least 1 m inute and no t more than  2  m inutes. The 
standards and blank are then cooled and diluted to  100 ml. w ith 
water.

The absorption of the standards is m easured on the Spekker

Ehotoelectric absorptiom eter using 1-cm. cells and Hilger blue 
Iters No. 6 . T he blank is set on 1.0 and the differences ob

tained are plotted against the weights of cobalt taken.
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Table I. Comparison of Analytical Procedures
S tandard N itroso  R  salt

Sam ple G ravim etric O pera to r A O perato r B

%  Co %  Co %  Co
Mill feed 0 .14 0.136 0.134
M ill tail 0 .06 0.056 0.062
Oxide ore 0 .55 0.55 0 .5 5
C obalt reverbera to ry  slag 0 .63 0 .6 6 0.62
C opper concen trate 0 .64 0 .63 0 .6 0
C opper reverbera to ry  slag 1.47 1.45 1.40
C opper reverbera to ry  m atte 1 .86 1.80
B lister copper 0 .0104 0.ÓÍÓ2
Refined copper 0.0001 0.0001

D e t e r m in a t io n . For samples containing 0.01 to  0.20%  of 
cobalt use a  0.25-gram sample. W ith higher grade m aterials 
take a  0.5-gram sample and after decomposition dilute to  volume 
and take a  suitable aliquot containing 0.01 to  0.5 mg. of cobalt 
for analysis. For very  low cobalt contents, as in refined m etals 
w ith few im purities, larger aliquots representing 1 to 20 grams 
m ay be taken. The m aximum quan tity  of cobalt permissible 
in a  sample is 0.5 mg., as above this concentration the solution 
no longer appears to  obey B eer’s law.

Decompose w ith n itric  acid, hydrochloric acid, and bromine, 
add 5 to 7.5 ml. of 1 to 1 sulfuric acid, and  evaporate to strong 
fumes. Some products will require the use of hydrofluoric acid 
for complete decomposition. Caro should be taken  in the addi
tion of reagents, as an excessive concentration of salts in th e  final 
solution will increase the absorption.

Cool, dilute to  about 30 ml., add 2 ml. of hydrochloric acid, 
and boil to  solution of soluble salts. Pass a brisk current of 
hydrogen sulfide through the solution for 10 m inutes and filter 
through a  W hatm an No. 40 filter paper, washing well with 
acidulated hydrogen sulfide wash water. Boil off hydrogen 
sulfide, add 5 ml. of n itric  acid, and take to fumes of sulfur tr i
oxide. For products like blister or refined copper, determine' 
cobalt on the solution obtained after the electrolysis of copper. 
Evaporate this solution to  fumes of sulfur trioxide, and  continue 
heating un til only a  sm all am ount of sulfuric acid remains.

Cooi, dilute to about 25 ml. w ith water, and boil to solution of 
salts. Cool and carefully neutralize w ith 20%  sodium hydroxide 
to  a point where the solution becomes a  deep wine red. Should 
there be little  or no iron present, add 2 drops of phenolphthalein 
and take to  the first fa in t pink. Im m ediately add 2 ml. of 
Spekker acid, then 10 ml. of nitroso R  sa lt solution and 10 ml. of 
sodium acetate solution. Bring to  a  vigorous boil, add 5 ml. of 
nitric acid, and boil for a t  least 1 m inute bu t no t more than  2 
minutes. Cool and dilute to  100 ml. w ith water.

A t the same tim e carry  out a  blank exactly as was done in 
calibrating the graph. M easure the absorption of the sample 
in the same m anner as were the standards w ith the b lank setting 
a t  1.0. The drum  reading obtained for the sample is subtracted  
from 1.0 and this difference is m easured off on the calibration 
graph to  obtain, the weight of cobalt present.

R ES U L T S

Table I  compares results obtained by th is procedure w ith those 
secured by careful work w ith  standard  gravim etric m ethods on 
specially prepared sam ples of typical metallurgical products.

For mill feed and tail 0.25-gram samples were used directly; 
for oxide ore, cobalt revcrbcratory  slag, and copper concentrate,
0.5-gram samples were taken, diluted, and  aliquots equivalent to
0.05 gram of original sample were w ithdrawn. In  copper rever- 
beratory slag and copper reverberatory m atte  0.5-gram samples 
and aliquots equivalent to  0.025 gram  were taken.

To th irteen  0.25-gram portions of a  complex ore containing 
4.95% copper and  3.00%  iron, which was known to  contain very 
little cobalt, varying quantities of standard  cobalt solution were 
added. These together w ith another 0.25-gram portion of the 
ore to  which no cobalt had been added were analyzed according 
to the foregoing procedure. T able I I  gives the results obtained.

D IS C U S S IO N

I n t e r f e r in g  E l e m e n t s . I t  was found th a t  even small 
quantities of copper prevented or masked the full developm ent 
of the red cobalt complex. T his confirms observations m ade by 
previous workers on biological m aterials (S), b u t no t brought out 
by Haywood and Wood working w ith steels.

As it  was necessary to remove copper and all the products' on 
which the au thors worked contained this element, a  separation 
w ith hydrogen sulfide was m ade on all samples. W ith th is modi
fication, taking the usual precautions, silver, m ercury, lead, 
copper, bism uth, cadmium, arsenic, antim ony, tin , m olybdenum , 
selenium, tellurium , gold, platinum , and  palladium  are removed. 
T o 0.25-gram portions of a  sample of known cobalt content 
(0.18%) the following elements were added as soluble salts: iron, 
alum inum , zinc, titanium , thorium , uranium , zirconium, tung
sten, barium , strontium , calcium, and magnesium. T he quan ti
ties added were sufficient to  give a t  least 20%  of each elem ent 
relative to the sam ple; in the case of iron, enough ferric chloride 
was added to  bring the iron content to  50%.

Cobalt was determ ined as usual and in no case was there ob
served any significant difference in  cobalt recovery. N aturally  
some of the added elem ents were rem oved during the course of the  
analysis. Barium , for instance, would all be rem oved as sulfate. 
T itanium  and thorium  were troublesome, as hydrolyzed salts 

’ continued to  bo precipitated in the solution after the  color had 
been developed. F iltration  through a dry  filter paper a t  th is 
stage removed th e  tu rb id ity  and the  cobalt recovery was no t 
affected.

As no pure vanadium  salt was available, a  vanadium -bearing 
ore free of cobalt was added to  a  known cobalt sample, the va
nadium  content of the final sample being 5% . The cobalt recov
ery was unaffected. T o the same sample varying quantities of 
manganese were added; up to  10% m anganese there  was no in
terference, b u t quantities above this had to be removed. Like
wise chromium and nickel were found to  be w ithout effect up to  
3 and 5% , respectively, b u t above these concentrations rem oval 
is indicated.

The addition of large quantities of certain of th e  above ele
m ents necessitated slight alterations in  proceduro which are 
comm ented upon in the subsequent sections.

Table II. Recovery of Added  Cobalt in Ores
Sam ple No. C obalt A dded C obalt Found R ecovery

M g. M g. %
1 Nil 0 .01
2 0 .0 2 0 .03 ÍÓÓ
3 0.05 0 .06 100
4 0 .1 0 0.11 100
5 0 .16 0.165 103
6 0.21 0.225 102
7 0 .25 0.26 100
8 0 .3 0 0.315 101
9 0 .3 4  . 0 .35 100

10 0 .37 0.385 101
11 0 .4 0 0 .41 100
12 0 .44 0 .45 100
13 0 .49 0 .5 0 100
14 0 .53 0 .54 100

E f f e c t  o f  V a r ia b l e s  in  P r o c e d u r e . Like all colorimetric 
procedures i t  is desirable th a t conditions be standardized as far 
as practicable and the quantities and  directions given in the 
procedure should be adhered to  as closely as possible.

Spekker Acid. Haywood and Wood used Spekker acid for the 
decomposition of steels. Since their reasons for using this acid 
did no t apply to  the au thors’ procedure, they  tried  dilute sulfuric 
acid to acidify the sample after neutralization w ith  sodium 
hydroxide. T hey found, however, th a t when m uch iron was 
present low results were obtained, owing to  the developm ent of 
a decided brown tinge in  the solution. As phosphoric acid de
colorizes iron, an a ttem p t was m ade to  use this acid alone, bu t it 
proved unsatisfactory for m ost m etallurgical samples. T he 
familiar combination of phosphoric and sulfuric acids known as 
Spekker acid was finally tried  and found successful. Varying 
quantities of this acid were added to  known ores and to  synthetic 
solutions. I t  was found th a t the Spekker acid could be varied 
from 0.5 to  3.0 ml. w ithout affecting the color development. Any 
addition above 3 ml. caused a lessening of the depth  of color.

N itroso R  Salt. T he m easurem ent of nitroso R  salt should be 
accurate, b u t no appreciable difference was observed w ith 
quantities of nitroso R  sa lt varying between 10 and  15 ml. The 
result was low w ith less than 10 and high w ith more than  15 ml. 
of nitroso R  salt solution. The solution is perfectly stable after
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standing 2 days, b u t it  is probably advisable to  m ake up only 
sufficient for the day ’s requirements.

Sodium Acetate. W ith local ores the essential minimum was 
5 ml. of sodium acetate solution. T he quan tity  of sodium acetate 
necessary would vary  w ith different products and it was decided 
th a t a safe addition was 10 ml.

N itric Acid. I t  is essential to  add sufficient n itric  acid to dis
solve any  precip itate formed w ith sodium acetate and to  destroy 
color complexes formed w ith m etals other than  cobalt. I t  was 
found th a t the nitric acid could be increased to  15 ml. w ithout 
affecting the color development, when 10 ml. of sodium acetate 
were used. The presence of certain elem ents necessitated 
alterations in procedure. Very high iron, manganese, etc., re
quired more than  the standard  addition of 5 ml. of n itric  acid to 
clear the precipitate formed w ith sodium acetate.

Tim e of Boiling, T he final boiling had to  be carefully con
trolled. The solution m ust be brought to  a  vigorous boil, nitric 
acid added, and the boiling continued for from 1 to 2 minutes. 
The extension of the boiling tim e to  3 m inutes caused little 
change, bu t any further extension resulted in a definite bleaching 
of the cobalt color. On the other hand, any decrease in boiling ' 
tim e prevented the full developm ent of the red color. This con
firms the work of previous investigators (I).

Fading of Color on Exposure to  Light. Samples perm itted  to 
stand  for 24 hours in Erlenm eyer flasks fitted w ith loose covers 
were practically unchanged. On standing for a  fu rther 24 hours 
there was an  observable lessening of color. T he flasks were ex
posed to  diffused sunlight for half of this period. The effect of 
exposure to light, although slight, is apparently  more pronounced 
than  experienced by Haywood and Wood. This is probably due 
to  the more intense sunlight prevailing in Africa.

I t  would appear th a t when dealing w ith quantities of cobalt 
between 0.01 and 0.50 mg. the control of conditions need n o t be so 
critical as described by Kidson-and Askew (S), who were working 
with quantities of cobalt as low as 0.0001 mg. While Haywood 
and Wood (I) report good results w ith very high cobalt-contain
ing steels, the authors have found th e  greatest range of usefulness

of this method to lie in the lower concentrations of cobalt in 
mining and m etallurgical products.

S U M M A R Y

A modification of the nitroso R  sa lt method for cobalt is de
scribed which should have wide adap tab ility  for th e  determ ina
tion of sm all quantities of this elem ent in m etallurgical products 
and sim ilar m aterials. R esults compare very favorably in accu
racy and precision w ith those obtained by the longer standard 
gravim etric procedures, and the recovery of added cobalt is 
complete.

A comprehensive review of the effect of other elements and of 
varied conditions is given. T he determ ination is best carried out 
on a  sample or aliquot containing 0.01 to  0.5 mg. of cobalt. 
A part from the elem ents rem oved w ith hydrogen sulfide in  the 
course of the determ ination, this work to  date shows th a t the 
final color comparison can be made ir> the presence of a t  least 
1000 tim es as m uch iron, 100 tim es as much alum inum , zinc, 
titanium , thorium , uranium , zirconium, tungsten, barium, 
strontium , -calcium, and magnesium, and 25 tim es as much 
vanadium . Q uantities of manganese in excess of 50 times, 
nickel beyond 25 times, and chromium in excess of 15-fold the 
cobalt present, interfere and m ust be removed.

Although details are presented for the  final determ ination of 
cobalt in the Spckker absorptiom eter, the m ethod is adap ted  for 
any other means of photoelectric or visual color comparison.
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Radioactive Studies
Utilization of the Radioactive Isotope Dilution Procedures for Special T ypes  

of Chemical Problems. Quantitative Determination of the Three Individual  

Components of M ixtures of D ib en zyl Sulfide, Sulfoxide, and 

Sulfone as an Illustrative Example

F. C. H E N R IQ U E S , J r . 3,  a n d  C H A R L E S  M A R G N E T T I3 

Chemical Laboratories and Medical School, Harvard University, Cambridge and Boston, Mass.

ALTH O U G H  certain highly specialized instrum ents, such as 
spectrom eters (infrared, mass, etc.) and polarographs en

able th e  analysis of certain individual com ponents of m any 
multicom ponent system s, there are still numerous types of mix
tures, th a t  cannot be quantitatively  analyzed by  m eans of these 
apparatus.

I t  has been known for some tim e th a t  the isotope dilution 
method is applicable in principle to  any  analytical problem (5). 
Recently Foster, R ittenberg, and others (1, 3, 7) have begun 
to  use stab le  isotopes in  th e ' determ ination  of the  amino acid 
content of proteins. In  th e  case of radioactive isotopes, th e  

«.usual analytical errors of 10 to  15% prevented their usage in the 
isotope dilution m ethod (9). Since recent studies (S, ,() have 
shown th a t  some of th e  radioactive tracers m ost difficult to  quan-

1 T h is  is  the  fifth in a  series of artic les  on R ad ioactive  Studies. Previous 
articles a rc  found in  Ju n e  an d  J u ly  issues.

5 P resen t address, R ad ia tio n  L ab o ra to ry , U n iversity  of C alifornia, B erke
ley, Calif.

* P resen t address, M assachuse tts  D e p artm en t of Pub lic  Safety , B oston. 
M ass.

ti ta te —namely, long-lived sulfur, arsenic, carbon, and hydrogen— 
can be analyzed to  w ithin 2 % , th e  accuracies of the isotope dilu
tion m ethod, w ith either stable or radioactive isotopes, are es
sentially identical. T his comm unication indicates th e  full scope 
of the radioactive isotope dilution m ethod as applied to  chemical 
problems and gives a specific experim ental example, using S35 of 
87-dav half-life.

G E N E R A L  C O N S ID E R A T IO N S

L et P  be a nonradioactive compound. L et P*  be the same 
compound in  which a  m inute fraction of th e  molecules contain a 
tracer elem ent in a stable position, and  le t th e  radioactivity  per 
milligram of th is compound be denoted by (ad /m g)p*. Let 
P.P*  denote th e  chemically indistinguishable m ixture of P  and 
P*, and let the radioactiv ity  per milligram of th is m ixture be 
denoted by  (act/mg)p.p*. L et th e  ratio  of the specific activities, 
{act/mg) p*/(act/mg) p. p*, be defined as R. _ •

There are two general procedures in applying the  isotope dilu
tion method.

P r o c e d u r e  I. The am ount of P  in a  m ulticom ponent system 
is unknown. If a  known quan tity  of P*  is added to  and dispersed 
uniformly throughout th e  mixture, th e  am ount of P  can be de
term ined. provided th a t a  weighable aliquot (> 0 .05  mg.) of P -P
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The radioactive isotope dilution method is a powerful tool which 
is applicable to analytical problems that cannot be solved readily 
by any other mean;. There are two general variations to this method/ 
one is best suited to the analysis of the individual constituents of 
multicomponent systems, and the other is useful in the investigation 
of mechanisms and/or yields of reactions. A s  an illustrative example 
utilizing long-lived radioactive sulfur, S35, quantitative data are 
presented for the analysis of the three individual components of 
mixtures of dibenzyl sulfide, sulfoxide, and sulfone. These data 
show that these analyses, if done in triplicate, can be made with 
an average error of less than 1 %  and a maximum error of less than 2 % .

can be isolated in a  pure sta te . This relationship is given by 
E quation 1:

jngp = mgP* (R  -  1) (1)

P r o c e d u r e  II . The am ount of P*  in a m ulticom ponent sys
tem containing other radioactive compounds is unknown. The 
addition of a predeterm ined am ount of P  sufficient to  isolate sub
sequently a weighable quan tity  of P .P*  in a pure sta te , followed 
by complete mixing of the active and inactive species, will enable 
the analysis to  be made. E quation  2 gives this relationship:

mgp* = mgP [1/(R  -  1) ] (2)

F or bo th  Procedures I  and II , th e  specific ac tiv ity  of P*  can 
be predeterm ined to  m ake R)$> 1 and to  m ake each radioactive 
m easurem ent w ith a  maximum error of 2 % ; thus the maximum 
uncertain ty  of an individual analysis by the radioactive isotope 
dilution m ethod is 4% .

Procedure I  is best suited for any problem involving the analy
sis for the individual components of a  m ulticom ponent system, 
provided th a t  sufficient P  is present to  enable th e  isolation of a 
weighable am ount of PP*. T hus i t  cannot be used for th e  de
term ination of traces of substances.

Procedure I I  is useful in th e  investigation of the mechanism 
an d /o r yield of reactions. T his is m ost readily shown by con
sidering a  specific example—namely, th e  following hypothetical 
polym erization:

N
A  +  P  = A lP  +  A ,P  +  A iP  +  . . .  =  (3)

l

where A  polymerizes in  th e  presence of th e  catalyst, P , to A jr and 
the polym erization is term inated  by the addition of P  to  the 
polymer. I t  is essential th a t  th e  polymers, A k P , can be ob
tained in  pure form—e.g., be reacting large quantities of A  and  P  
and subsequent fractional distillation an d /o r crystallization. 
Then th e  synthesis of P *  and  th e  use of this compound instead of 
P  in  reaction 3 enables the determ ination of th e  exact am ount of 
each A k P *  formed, since (act/mg)akp*  can bo computed stoi- 
chiometrically from (act/mg)p*, and (act/mg) ak p-ak p* is experi
m entally determined.

M ethods sim ilar to  those outlined above are applicable to  any 
reaction. Unlike Procedure I, Procedure I I  enables th e  analysis 
of traces of substances; in fact, since m ost radioactive isotopes 
can be obtained in high millicurie strength , i t  is possible to  analyze 
quantitatively  for less th an  0.001 microgram of m any com
pounds—e.g., A kP *—by th e  isotope dilution m ethod. I t  is here 
th a t radioactive isotopes come into then- own, since th e  allowable 
dilution factors are m uch greater th an  those of stable isotopes.

Utilizing radioactive sulfur, S 3S, th e  authors have used both 
Procedures I  and I I ;  the  former is considered in th e  next section 
and the la tte r has been used to  investigate the mechanism of 
m ustard gas vesication (5 ). T he procedures are interdependent 
and the  accuracy to be expected from either isotope dilution 
method is essentially identical.

I L L U S T R A T IV E  E X P E R IM E N T A L  E X A M P L E

In  order to  evaluate th e  radioactive isotope dilution m ethod as 
a  quan tita tive  analytical procedure, an  illustrative example of

Procedure I  will be considered in detail—th e  analysis of th e  three 
individual components of m ixtures of dibenzyl sulfide, sulfoxide, 
and sulfone. In  essence th e  procedure consists of the following 
steps for th is particu lar case:

Dibenzyl sulfide, sulfoxide, and sulfone, each containing radio
active sulfur, are synthesized.

The am ount of radioactivity  per milligram, (acl/mg)p*, is de
term ined for each radioactive compound.

Accurately weighed am ounts of each of the radioactive com
pounds are added to  the unknown m ixture of dibenzyl sulfide, 
sulfoxide, and sulfone.

A portion of each substance is isolated in  the pure s ta te  by 
fractional crystallizations.

Weighed am ounts of the three purified fractions are subjected to  
radioactive analysis and th e  (act/mg) p .  p* is com puted for each 
substance. From  th e  reduction in  specific activ ity  from (act/- 
mg)p* to  (ad/mg)p.p*  together w ith thq  known weight of radio
active compound added, th e  am ount of each of the original com
pounds present in the unknown m ixture is calculable by means 
of E quation 1.

P r e p a r a t i o n  o f  t h e  C o m p o u n d s . A bout 20-gram quantities 
of nonradioactive dibenzyl sulfide, sulfoxide, and sulfone were 
prepared by the m ethod described in  detail by  Shriner et al. (8).

T his procedure is based on the following schem atic reactions:

CcIUCHoCl +  Na*S — >  (C6H 6CH2)2S (4)
(C6H 6C H 2)2S +  H 20 2 — >  (C6H 6C H 2)2SO ' (5)

(C6H 6C H 2)2SO +  CrOj — >- (C6H«,CH2)2S d 2 (6)

Since th e  techniques involved in the preparation  of dibenzylsul- 
fidc on the milligram scale are ra th er different, the preparation 
of th is compound containing radioactive sulfur is described in 
detail. The radioactive sulfur used in  th is preparation  was ob
tained from th e  M assachusetts In s titu te  of Technology, Radio
activ ity  Center.

D ry  barium  sulfate (200 mg.) containing about 30 microcuries 
of S35 (87-day half-life) was placed in  a platinum  boat which was 
introduced in to  a long quartz tube. By heating the tube  to  800°

- C. for 4 hours, while passing through a  stream  of hydrogen, a  98% 
reduction to  barium  sulfide was obtained. The trace of hydrogen 
sulfide formod by the side reaction

BaSO« +  4H 2 — >■ BaO +  H 2S +  3TI20  (7)

was caught in a zinc chloride trap . T he resulting zinc sulfide 
precipitate was added to  the barium  sulfide in  th e  platinum  boat.

T he boat w ith contents was transferred to  a  small gas generator 
containing 1 gram of 20-mesh zinc. Sufficient 6 M  phosphoric 
acid to  cover the boat was now added through a  stopcock and the 
m ixture was heated. T he issuing gases were dried w ith phos
phorus pentoxide, and the  hydrogen sulfide was condensed in a 
trap  chilled by liquid nitrogen. T he purpose of the hydrogen 
was to  sweep ou t all traces of hydrogen sulfide from the  gen
erator w ith a  noncondensable gas. T he hydrogen sulfide was 
then  stored in  an  evacuated bulb attached  to  a  vacuum  system.

A tube, containing 1.85 millimoles (235 mg.) of benzyl chloride 
1.85 millimoles (75 mg.) of sodium hydroxide, 6 cc. of ethyl 
alcohol, and 1 cc. of w ater, was attached to  the vacuum  system 
by means of a ground jo in t and frozen down and evacuated. 
T he hydrogen sulfide (0.85 millimole) was vacuum-distilled into 
th is tube chilled w ith liquid nitrogen. T his tube  was then  sealed 
and placed on a  steam  bath  for 3 days. The tube was opened and 
the contents were extracted four tim es w ith petroleum  ether 
(b.p. 40° to  60° C.). The petroleum ether solution was placed 
in a te s t tube, and the volatile contents were pum ped aw ay; the 
contents of the apparatus were fu rther pum ped for 1.5 hours to  
remove m ost of the residual benzyl alcohol and benzyl chloride. 
The dibenzyl sulfide was recrystallized from ethyl alcohol.

Yield, 168 mg., 92%  based on barium  sulfate; m .p. 49° C.
To prepare the dibenzyl sulfoxide, 120 mg. of radioactive di

benzyl sulfide were used.
Yield, 107 mg., 83% ; m.p. 134° C.
T o prepare the sulfone, 60 mg. of the radioactive sulfoxide were 

used.
Yield, 45 mg., 70% ; m.p. 149 0 C.
F or these last two compounds, Shriner’s method (8) scaled down 

to these quantities was exactly followed.
Thus, about 45 mg. of each compound containing about 10 

microcuries of S3® were prepared. This quan tity  of material.would 
allow the analysis in triplicate of a t  least 100 unknown mixtures 
of the three di benzyl compounds.
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Table I. Triplicate Radioactive Sulfur Standardizations of the Three 
Dibenzyl Compounds

i cl/mg) p*

Av. (act/mg) r*
Av, (act/micromole) p *

3«CH,)iS* (C.1I4C II i )iS * 0 (C6H«CH i) !S * 0 !

169.0 156.5 148.7
109.6 100.0 148.1
109.7 158.8 147.2
169.4 158.4 148.0

30 .2 30 .4 36 .4
° T he  ac tiv ity  of each sam ple  is com puted  by th e  following form ula:

A ctiv ity [(d /i) .  -  W O b]  x (8)

where d is th e  num ber (10) of scale divisions traversed  by th e  electroscope 
fiber in tim e t in seconds; 5 and  b denote  sam ple and  background, respectively ; 
an d  /  is the  b e ta -ray  self-absorption correction fac to r due to  th e  w eight of the  
benzidine su lfa te  p rec ip ita te  (see 3  for fu r th e r  details).

W ith  th e  electroscope used, one u n it of ac tiv ity  represents a b o u t 10 “3 
m icrocurie of S35.

three compounds, P.P*. T he procedure used was based on the 
relative solubility of these compounds in petroleum  ether (b.p. 
40 ° to  60 ° C.) and 95%  ethyl alcohol.

Cold petroleum  ether was added; the  sulfide was partia lly  
separated by filtering, since the sulfoxide and sulfone were some
w hat insoluble. The rem aining solid was dissolved in alcohol; 
upon cooling, some of the sulfone precipitated while m ost of the 
sulfoxide rem ained in solution. Thus, there now rem ained a 
petroleum ether solution of crude sulfide, alcoholic solution of 
im pure sulfoxide, and solid crude sulfone. T he petroleum  ether 
and  alcohol were respectively evaporated off and the three im 
pure solids were recrystallized three times, the  sulfide from 95%  
ethyl alcohol, the sulfoxide from petroleum  other (b.p. 40° to 
60“ C.), and the sulfone from 95%  alcohol. T he m elting poin t 
of each compound was taken, and if it  were no t correct fu rther 
recrystallizations were made.

Table II. Analysis of Known Mixtures of Dibenzyl Sulfide, Sulfoxide, and Sulfone by 
Radioactive (S36) Isotope Dilution Procedure

M ixture  of N onradioactive  C om pounds
(C«H8C H 2)2S (C#HflCH2)2SO (C6H«CIT2)2S 0 2

W eight de te r W eight dcter- W eight de te r
M ixture W eight m ined by S35 W eight m ined by  S3B W eight m ined by  S36

No. added analysis added analysis added analysis
Mg. Mg. Mg. Mg. Mg. Mg.

Av. Ind iv idual Av. Ind iv idual Av. Indiv idual

‘ ^ analysis analysis analysis

'1. 400 406 412 400 399 403 400 399 409
395 401 390

*•» * 410 392 397

2 400 402 396 400 399 403 400 397 393
403 395 406
406 398 393

3 400 396 389 400 401 392 400 395 397
400 404 401
399 406 390

4 200 199 203 400 400 404 . 1400 138o 1355
197 391 1402
196 404 1390

5 400 400 399 1400 139(3 1368 200 203 205
400 1408 199
402 1396 206

C 1400 1400 1382 200 201 206 400 407 405
1415 193 406
1404 204 410

R a d io a c t iv e  S t a n d a r d iz a t io n s . Approxim ately 1 mg. of 
each of the three radioactive compounds was carefully weighed 
ou t on a microbalance and oxidized to  the sulfate ion by the 
Carius method. Each sample was washed in to  its  respective 
100-cc. volum etric flask. Triplicate 3-cc. aliquots were then 
subjected to  S35 analyses by the procedure described elsewhere 
in detail (S).

T able I shows the reproducibility of these radioactive stand 
ardizations as m easured by  the  modified Lauritzen electro
scope.

These d a ta  show th a t w ith care accurate radioactive sulfur 
analysis can be made. T hey  also are indicative o f th e  pu rity  of 
the radioactive compounds.

P r e p a r a t i o n  o f  R a d io a c t iv e '  S t a n d a r d  S o l u t i o n . About 
15 mg. of the radioactive sulfide, sulfoxide, and sulfone were 
weighed out, respectively, to  w ithin 0.05 mg. This m ixture 
was placed in a volum etric flask and m ade up to  100 cc. w ith 95%  
ethy l alcohol. T hus a  known volume of this solution contained 
a predeterm ined w eight of each of the three radioactive com
pounds. As an additional check, triplicate radioactive analy
ses were m ade on 1-cc. aliquots of this solution. T he average 
of the activities obtained was w ithin 0.4%  of th a t computed 
from th e  radioactive standardizations of the individual com
ponents.

I s o l a t io n  o f  P u r e  P o r t io n s  o f  E a c h  C o m p o u n d  (P .P*) f o r  
R a d io a c t iv e  A n a l y s is . T o an acetone solution containing the 
mixture, P , o f nonradioactive dibenzyl sulfide, sulfoxide, and 
sulfone to  be analyzed, exactly 10 cc. of th e  radioactive 
standard  solution, P* , were added. The s .tion  was well stirred 
and the acetone and  alcohol were evaporated off. The solid mix
ture was now ready for the isolation of the pure portions of the

Six different m ixtures contain
ing various known am ounts of 
the three dibenzyl compounds 
were subjected to  the above pro
cedure. Since 200 mg. was the 
m inim um  am ount of any of the 
dibenzyl compounds, P , in the 
original m ixture, and 20 mg. 
more th an  sufficed for radio
active analysis, i t  was no t dif
ficult to  obtain the  three sub
stances in a highly purified state. 
T rip licate radioactive sulfur 
analyses (3) were m ade on 
weighed am ounts ( ~ 6  mg.) of 
each purified component, P .P*, 
and the radioactivities were cal
culated by  means of E quation  8.

T he experim ental results, as 
computed by  E quation  1, are 
given in T able II . In  order to 
indicate th e  m agnitude of the ex
perim ental error, each individual 
determ ination has been in
cluded in Table II . T he greatest 

deviation found between the am ount of dibenzyl compound added 
and an individual analysis is 3.2%  (1400 mg. of dibenzylsulfone 
added, 1355 mg. found; m ixture 4). T he average per cent devia
tion between an individual analysis and the am ount of compound 
added is 1.4. T he maximum and average per cent deviations 
betw een th e  average of the trip licate analyses and the weight of 
dibenzyl compound added are 1.8 and 0.7, respectively.

T hus the accuracy of these d a ta  compares favorably wifh th a t 
obtained by using stable isotopes in isotope dilution Procedure 
I I  (£). I t  is believed th a t  w ith care th is error of less th an  2% 
could be duplicated in all analyses, utilizing either radioactive 
isotope dilution Procedure I or II . Since there  are numerous 
analytical problems th a t cannot be solved readily in any other 
m anner, th e  radioactive isotope dilution m ethod will ultim ately 
take  its  place among the o ther highly specialized analytical tech
niques.
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Analytical Chemistry of the Rare Earths
The A c tiv e -O x y g e n  Determination

G . L . B A R T H A U E R 1 A N D  D. W . P E A R C E , Purdue University, West Lafayette, Ind.

t ;

A  method is described for the measurement of the active oxygen 
present in a mixture of ignited rare earth oxides. The procedure is 
superior to the classical Bunsen method in that no difficulty is en
countered in the analysis of high ceria mixtures. Data are given 
for the analysis of pure cerium dioxide, of some cerium dioxide— 
lanthanum sesquioxide mixtures, and of pure praseodymium oxide.

IN  G EN ERA L, gravim etric m ethods of analysis are based upon 
a separation followed by a  final weighing of the desired con

s tituen t in a pure compound of known composition. However, 
in  the analysis of rare earth  m aterials, separation of the individual 
earths is im practical and one is faced w ith th e  necessity of weigh
ing a  m ixture which m ay contain elem ents of the entire group. 
C ertainly the oxalates of cerium, praseodymium, and terbium  
yield upon ignition in  air oxides containing more oxygen than  can 
be accounted for by sesquioxide form ation (1), and there is some 
indication of a  higher oxide of neodymium (d). The situation  is 
fu rther complicated by the possible influence of certain other 
rare earths upon the higher oxides formed by the elements m en
tioned (2 ,8 ,6 ).

T he evaluation of th e  true  rare earth  m etal content of a m ixture 
of such oxides would be greatly simplified by a  m ethod which pei- 
m itted  direct m easurem ent of the so-called “active oxygen , 
the  oxygen present in  excess of th a t in the sesquioxide. Correc
tion  of the w eight of the oxide m ixture would then perm it calcu
lation of an accurate m etal content.

Such an analytical m ethod would bo useful also in obtaining 
d a ta  regarding the composition of rare ea rth  oxides formed under 
various conditions, both  in the pure s ta te  and  in  mixtures. Such 
studies have been made in  th is laboratory using the m ethod de
scribed below and will form the subject of a la ter paper.

The m ethod of Bunsen (4) has found wide application for the 
determ ination of higher-valent cations in  compounds similar to  
the rare earth  m etal oxides. Hydrochloric acid is added to  the 
compound under investigation and  the chlorine liberated by the 
reaction is absorbed in a potassium  iodide solution. The liberated 
iodine is then  titra ted  w ith thiosulfate solution in  the usual m an-
ner. .

Such a procedure is no t feasible, however, if an  appreciable 
am ount of cerium is present in  the m ixture under investigation. 
Cerium dioxide, once formed, is extrem ely inert to  all b u t the 
strongest reducing agents and  even extended contact w ith con
centrated  hydrochloric acid results in very  little  a ttack .

E X P E R IM E N T A L

Several modifications of the Bunsen m ethod were attem pted, 
using bo th  arsenious oxide and sodium oxalate as reducing agents. 
T he reaction ra te  between the oxides proved to  be too slow to be 
useful, while the conditions necessary to  complete the reaction 
w ith sodium oxalate were so vigorous th a t  appreciable decom
position of the oxalate in the sulfuric acid medium occurred.

A simple procedure using potassium  iodide and a modified 
Bunsen apparatus was finally developed which gave satisfactory 
results.

The apparatus consisted of a  125-ml. K jeldahl flask fitted 
through a ground-glass jo in t w ith  a  water-cooled reflux condenser. 
To the upper end of th e  condenser was attached, by a  giound-

glass joint, a  tube ben t to a semicircle and term inated w ith  a 
Bunsen valve. W hen in use, the valve was immersed in  a  po- 
tassium iodide solution contained in a small beaker.

An accurately weighed sample of the pure oxide or m ixture of 
oxides is placed in the K jeldahl flask and 20 ml. of a  10% potas
sium iodide solution are added. E ighty milliliters of a 4 /0 solution 
of potassium iodide are placed in the beaker to  cover the Bunsen 
valve.

Ten milliliters of 12 N  hydrochloric acid are added to th e  flask, 
the flask is attached  immediately to  the reflux condenser, and 
the mixture is heated gently until dissolution of the  oxide is com
plete. The flask is cooled, the vapor trap  removed, and any 

' sublimed iodine clinging to  the tube of the condenser is washed 
into the Kjeldahl flask w ith the vapor-trap solution.

T he solution is then transferred to a 500-ml. Erlenmeyer 
flask, diluted to  350 ml., and titra ted  to  a  starch end point w ith 
standard  0.1 N  sodium thiosulfate solution.

A blank is determined under conditions identical to those in 
the analysis, using similar periods of heating and volumes of solu
tion. The blank in  no case should exceed 0.5 ml. The difference 
between the two volumes is, of course, equivalent to  the iodine 
released by the active oxygen present in the sample.

Active oxygen (mg.) =
(N  of N a2S20 3) (ml. of (meq. of 0 2) (1)

Values obtained by  the analysis of samples of pu re  cerium di
oxide w ith or w ithout adm ixture of pure lanthanum  sesquioxide 
and  using the m ethod described are shown in Table I.

Table 1. Active Oxygen in Pure Cerium Dioxide and in Cerium 
Dioxide-Lanthanum Sesquioxide Mixtures

W eight of Sam ple LaiOa A ctive Oxygen T aken A ctive Oxygen
M g. % Mg. 'Mg.

194.7 9 .0 9 .0
285 .6 13.2 13.3
202 .5 4 : ś i 8 .9 8 .9
237 .2 4 .81 10.5 10.4
274 .0 25.49 9 .5 9 .5
189.2 25.49 6. G 6 .6
197.1 49.37 4 .6 4 .7
170.8 49 .37 4 .0 4 .0
2G9.1 72.91 3 .4 3 .4
271.2 72.91 3 .4 3 .5
541 .8 9 3 .88 1.5 1.6
394 .6 93 .88 * 1.1 1 .2

C O M P O S IT IO N  O F  P R A S E O D Y M IU M  O X ID E

T he application of the m ethod is well illustrated  by a study of 
the ignition product of pure praseodymium oxalate.

T he m aterial used in th is investigation was purchased from 
Adam Ililger, L td., 98 Kings Road, London, England, and bears 
the laboratory num ber 6782. I t  was obtained by H ilger from 
Professor Rolla a t the University of Florence. Independent 
spectrographic analyses by the H ilger laboratory and by V. \V. 
P rand tl show im purities only of magnesium (0.1%) and dyspro
sium (0.02% ). . . . , . ,

The pure oxalate was precipitated from dilute nitric acid in  the 
usual m anner and, after oven-drying, was ignited to  constant 
weight a t  955° ±  10° C. After cooling, weighed portions of the 
ignition product were analyzed as described above. T able I I  
illustrates the results obtained.

Table II.
W eight of Sam ple 

Mg.
187.4 
143.2
155.5

Active Oxygen in Pure Praseodymium O xide
Volume of 0 .0459 N  NajSsOj A ctive Oxygen

M l. Mg. %  F rac tio n

vio i a* 1 16.47
.12 .57
13.20

5 .9 8
4.61
4 .9 4

3 .1 9  0 .0319
3 .2 2  0 .0322
3 .1 8  0 .0318

■ Present address, Magnolia Petroleum Co., Dalla*, Texas.
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Now, representing the general form ula of the oxide obtained as 
PrxOy, the ratio  of y /x  m ay be calculated by the relation

S U M M A R Y

x  (atomic weight of praseodymium) +
y  (atomic weight of oxygen)

■ (formula weight of P r20 3)

A procedure for the determ ination of active oxygen in mixtures 
resulting from the ignition of mixed rare earth  oxalates is particu
larly  applicable to m ixtures containing a high percentage of ceria. 
Additional proof of the composition P r6On for the oxide formed 
upon the ignition of pure praseodymium oxalate a t  various tem 
peratures has been obtained.

140.92 x  +  16.00 y 1

-  (329.84)
fraction of active oxygen

From  the da ta  of Table I I ,  using the average value 0.032 for 
the fraction of active oxygen, the ra tio  of y /x  is calculated to be 
1.84, a value corresponding to  the following formulas.

Pr.1O7.36, PrsOs-ao, PreO n.M , PrjO is.ss
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From the da ta  presented, i t  appears that the product of the 
ignition of pure praseodym ium  oxalate m air a 1 955 C. as 
composition m ost closely approximating the [or“ uli\  P r<L°u; 
Ignition a t  tem peratures of 070» and 780» C. had  little  effect 
upon the fraction of active oxygen in  pure praseodymium oxide, 
the values obtained in these cases being 0.031.
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Estimation of Ammonium Picrate in Wastes 
from Bomb- and Shell-Loading Plants

Some Reactions of Ammonium Picrate in W a t e r  and Sewage

C. C. R U C H H O FT  a n d  FR A N C IS  1. N O R R IS  

U. S. Public Health Service, Division of Sanitary Engineering, Water and Sanitation Investigations, Cincinnati, O hio

A  practical spectrophotometric procedure for determining the am
monium picrate content of wastes or the ammonium picrate, alpha- 
TNT, and colored TN T in wastes containing all three is presented. 
The procedure, which involves extinction readings at 460 and 505 
mp after three steps of treatment of the sample, is simple and rapid. 
Ammonium picrate in wastes exhibits no biochemical oxygen de
mand and in concentrations above 300 p.p.m. inhibits the normal
B .O .D . reaction of polluted water. Taste tests on 20 people in
dicated that concentrations of 1.0 p.p.m. or more of ammonium 
picrate are objectionable in drinking water.

IN  C O N N EC TIO N  with the study of wastes from U. S. N aval 
Ammunition D epots, the estim ation of ammonium picrate

wastes in stream s and in w aters containing T N T  wastes was 
necessary. I t  was also desirable to  determ ine the effects of am 
monium picrate in  such wastes on sewage disposal p lan ts and 
other disposal methods, as little  is known about the fate of such 
wastes or their effects on natu ra l biological purification.

Q U A L IT A T IV E  TESTS F O R  A M M O N IU M  P IC R A T E

Several qualitative and quantita tive methods were investi
gated before the spectrophotom etric method was adopted. The 
following tests  were applied to ammonium picrate wastes, w ith 
the results noted.

1. T he ammonium sulfide reagent (4) is insensitive to  amm o
nium picrate solutions under 100 p.p.m.

2. T he potassium  thiocyanate tes t (<?) is sensitive a t  concen
trations of ammonium picrate as low as 5 p.p.m . However, on 
alkalizing the solution, a brown color due to  the presence of alpha- 
T N T  makes this method unsatisfactory for m ost cases.

3. T he methylene blue tes t (I) is very' sensitive to  amm onium 
picrate if the precipitate obtained is extracted w ith chloroform,

the shade of color obtained being dependent upon the pH  of the 
water. As 5 p.p.m . of T N T  interfere w ith this test, i t  is con
sidered less satisfactory th an  the te s t w ith sodium hydrosulfite 
which is described below.

4. According to  Davis (S) guanidine p icrate is much less 
soluble than  ammonium picrate. However, laboratory experi
m ents showed th a tn  quantita tive precipitation was no t obtained 
on concentrations of amm onium picrate below 100 p.p.m. 
Therefore, th is tes t is too insensitive for norm al ammonium pic
ra te  wastes.

5. T he reaction w ith sodium hydrosulfitc (2) and ammonium 
picrate, forming the red picram ate, is sensitive to  0.5 p.p.m . of 
ammonium picrate. T N T  does n o t appreciably interfere w ith 
th is reaction. T he color produced, however, is of short duration 
(1 to 2 m inutes) and m ust be read immediately. Following are 
the details for carrying ou t th is tes t under optimum conditions:

R e a g e n t s . Sodium hydrosulfite solution, 1.0% .' Dissolve
1.0 gram  of sodium hydrosulfite in  100 ml. of approxim ately 0.2 
N  sodium hydroxide solution.

Buffer solution, pH  7.2. Dissolve 134 grams of potassium 
dihydrogen phosphate in several hundred milliliters of distilled 
water. Add a solution of norm al sodium hydroxide until a  pH  of 
7.2 is reached and make up to  1 liter.

P r o c e d u r e . Add 50-ml. portions of the sam ple to  be tested 
to  each of two 100-ml. Erlenm eyer flasks. If  the pH  of the w ater 
is below 7.0, add 1 ml. of the 7.2 pH buffer solution to  each flask. 
T hen add 1.0 ml. of the sodium hydrosulfite solution to  one flask, 
swirl the flask, and compare im mediately w ith the  untreated  
control. A white background will facilitate comparison. The 
appearance of a  m om entary red intensification indicates th a t am 
monium picrate is present. W ith low concentrations of am 
monium picrate, im m ediate comparison is im portant, as the red 
color of amm onium picram ate will fade within 2 minutes.

I f  a  yellow intensification is noted, dilute a  p a rt of the sample, 
tre a t w ith sodium hydrosulfite as above, and compare w ith an 
un trea ted  diluted portion. A slight yellow to  brown more per
m anent intensification indicates a large am ount of alpha-T N T . 
As th e  sensitivity  of th e  te s t is about 0.5 p.p.m., a  rough quanti
ta tive  estim ate of the amm onium picrate in p.p.m . in th e  sample
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Table I. Extinction Values of Ammonium Picrate Solutions
E xtinction  a t  460

C oncentrations of In  d istilled In  so lution of In  distilled w ater 
A m m onium  w ater (calculated 300 p .p .m . plus I gram  of

P icrate , P .P .M . K  =* 0.033) of NaaCOj N aiCO i per 50 ml.
0 .0  0 .0 3  0 .03  0 .0 4
2 . 0  0 .1 0  0 .10
2 .5  0 .11  0.11
3 .3  0 .1 4  0 .16
4 .0  0 .16  0 .17
5 .0  0 .2 0  0 .1 9  0 .20
8 .0  0 .29  0 .3 0

10 .0  0 .3 6  0.3G 0 .3 7
2 0 .0  0 .69  0 .6 8

can be m ade by m ultiplying by 2 the highest dilution giving a 
positive test.

Q U A N T IT A T IV E  D E T E R M IN A T IO N  O F  P IC R A T E  W IT H  V IS U A L  
S P E C T R O P H O T O M E T E R

After the investigation of several quan tita tive  and qualitative 
m ethods, the spectrophotom ctric m ethod, was considered m ost 
satisfactory for use on ammonium picrate wastes.

In  all spectrophotom ctric determ inations, tu rb id ity  m ust be 
elim inated from the sample. This is usually done by sedim enta
tion, filtration, or centrifugation. If  none of these m ethods re
moves the extremely fine turbidities sometimes encountered in 
natural waters, coagulation w ith alum  can be applied. However, 
this method of clarification should be used only as a last resort, as 
it  will remove as much as 25%  of ammonium picrate or T N T  in 
dilute samples containing up to  10 p.p.m . of these m aterials.

Ammonium picrate in the absence of T N T  wastes can easily be 
determ ined colorimetrically or w ith the spectrophotom eter. Al
though the maximum absorption occurs in the ultraviolet range 
a t  335 mp, the maximum absorption in the visible range can be 
used for practical purposes. Using dilutions from a stock 300 
p.p.m . solution, an absorption curve was first p lo tted  and i t  was 
observed th a t maximum absorption in the visual range occurred a t  
460 mji. Extinction values for dilutions of the stock solution in 
distilled w ater and  in  w ater containing 300 p.p.m . of sodium 
carbonate were determined. The mean extinction values ob
tained arc shown in Table I.

•These data  indicate th a t the concentration of carbonate or bi
carbonate present in na tu ra l w aters would have no effect on the 
extinction of ammonium picrate. T he increm ent of E  per p.p.m . 
of ammonium picrate is small (0.033) ; hence, this m ethod of es
tim ating ammonium picrate concentrations is less sensitive and 
less accurate than  the similar determ ination for T N T  (5). 
Nevertheless, concentrations of ammonium picrate between 2 and 
40 p.p.m . can be estim ated w ithout dilution. Stronger solutions 
can be diluted before examination. On the basis of da ta  shown 
in T able I, the  concentration of ammonium picrate n clear 
solutions is obtained as follows:

P .p.m . = E , — Eb
K X (d)

where E , — extinction of diluted sample
Eb =  extinction of clear w ater blank 
d =  dilution factor
K  — 0.033 =  extinction per p.p.m . of amm onium picrate 

for the instrum ent in use

D IF F E R E N T IA T IO N  A N D  E S T IM A T IO N  O F  A M M O N IU M  P IC R A T E  A N D  
T N T  W IT H  V IS U A L  S P E C T R O P H O T O M E T E R

T he m ethod used to  differentiate and determine the quan tity  
of alpha- and colored T N T  present in  T N T  waste w ith the spec
trophotom eter has been described (5). This procedure depends 
upon a m easurem ent of extinction a t  460 and 505 m a on the clear 
colored liquid, followed by trea tm en t of the solution by sulfite 
and hydroxide as described and re-examination a t  460 and 505 
mit. W hen dilute solutions of ammonium picrate are p u t through 
this procedure for T N T  determ ination, a color intensification is

also obtained by the sulfite hydroxide treatm ent. In  this case 
there is no great change in  the shape of the absorption curve after 
sulfite treatm ent, for the solution continues to  have its  highest 
E  values a t  the lowest visual wave lengths, w ith a rapid loss in 
extinction before 505 him is reached. However, when the 
sulfite hydroxide-treated  sample of ammonium picrate is acidi
fied w ith strong hydrochloric acid, the reaction as far as absorp
tion is concerned is so different from th a t w ith T N T  solutions th a t 
differentiation is possible. W hen the sulfite hydroxide-treated 
ammonium picrate sample is acidified, th e  yellow color is reduced 
in intensity  to w hat it  was before the sulfite hydroxide tre a t
m ent. W ith alpha-T N T  solutions, acidification accomplishes 
complete dccolorization. Colored T N T  solutions are also almost 
entirely decolorized by the strong acid treatm ent. I t  would 
seem reasonable, therefore, for practical purposes to use the color 
and absorption values rem aining after sulfite and hydroxide trea t
m ent followed by acidification as a fu rther step in the analysis 
for amm onium picrate. Acidification of the 50-ml. sample with 
5 ml. of c .p . concentrated hydrochloric acid, followed by a  third 
set of extinction readings a t  460 and 505 m it, has therefore been 
added to the procedure previously described for T N T  wastes for 
analysis of shell- and bomb-loading wastes which m ay also contain 
amm onium picrate.

If the sample is turbid, it  is settled and filtered through paper 
an d /o r centrifuged un til clear. I f  a  clear solution cannot be ob
tained, the extinction determ ined on the un treated  sample cannot 
be used. If the solution obtained is free from turbidity , the color 
is due to  ammonium picrate, colored T N T , or organic m atter, or 
m ixtures of these, and the clarified sample is examined a t  460 and 
505 mix. F o r this examination the sam ple m ay be diluted, if 
necessary, in distilled water, or b e tte r in distilled w ater containing 
300 p.p.m . of sodium carbonate. W hen the extinctions on the 
clarified sam ple a t  460 m ^ are only slightly higher than  a t  50t 
m/i, colored T N T  (and possibly organic m atter) ra th er th an  am
monium picrate, are indicated. I f  th e  extinction a t  460 m a is 
considerably higher than  a t  505 m a, b u t finite values are observ
able a t  both  wave lengths, both  amm onium picrate and colorec 
T N T  are probably present. Ammonium p icrate solutions in 
concentrations up to  about 100 p.p.m . even undiluted show no 
extinction a t  505 mu, though high E  values are given a t  460 in a 
Consequently, if there is a finite extinction a t  460 m a b u t none at 
505 ma, only ammonium picrate is indicated.

Following the examination of the  clarified sample, a  50-ml, 
portion is trea ted  w ith sulfite and hydroxide as described for the 
analysis of T N T  wastes; and after filtration is diluted if neces
sary in  the special sulfite hydroxide dilution w ater and  examinee 
a t  460 and 505 ma. If  there is a  new gain in  extinction a t  50; 
m a due to  the sulfite hydroxide procedure and if the extinction 
after th is trea tm en t is higher a t  505 m a than  a t  460 ma, th e  in
dications are th a t only colored and alpha-T N T  arc present, 
U nder these circumstances the calculation for colored and  alpha- 
T N T  is m ade as has been described (5).

If a fter the sulfite hydroxide trea tm en t the extinction a t  505 
m a is higher than  before this treatm ent, b u t lower th an  a t  460 
m a after treatm ent, both  ammonium picrate and  T N T  m ay be 
indicated; and the final acidification step  is necessary to  complete 
the analysis. However, if the extinctions a t  both  wave lengths 
are equal or are lower after sulfite hydroxide trea tm en t than  be
fore, i t  indicates th a t ammonium picrate is absent and either (1) 
th a t the higher original extinctions (in perfectly clear samples) 
were due to colored organic m atte r and no t to  T N T , or (2) that 
colored T N T  is present and alpha-T N T  absent. T he second ex
planation of the above extinction relationships has been found to 
be correct on all w ater samples examined by the authors, and the 
first explanation was correct, only on some sewage effluent, samples.

In  th e  case of the examination of relatively highly colored 
clarified sewage samples, it  is best to  ignore the original extinction 
readings and make the analysis on the basis of the qualitative 
hydrosulfite tes t for ammonium picrate and the extinction read-
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Table II. Extinction Characteristics and Constant and Extinction 
Symbols for the Three-Step Spectrophotometric Procedure

Sulfite

S tep  Following Clarification
H ydroxide
T rea tm en t Acidification

E reading a t, m/i 460 505 400 505 460 505

E characteristics 
Am m onium  picrate  
Colored T N T

+ 0 +  + + + 0
sfe 4- rib

A lpha-T N T 0 0 + +  + 0 0

Sym bol for E
Observed reading Eon Eom Eot.1 Eom EoLs Eom
C om ponent for am m o

n ium  p icra te  
Colored T N T

Epli 0 E pl2 E pm E p l 3 0
E cu Ecm Ecli E cu  3 E clz E cm

A lpha-T N T 0 0 E ali E aiii 0 0
S y m b o l f o r  s p e c i f i c  

con stan t to  be a p 
plied

Am m onium  p icrate  
Colored T N T

K pli K pm K pl3
K cLx K cm K cih K cm

A lpha-T N T KAIh
4- =• finite E value. +  +  ■= E value g rea te r th a n  4-.

= E value less th an  + . 0  = N o finite E.

ings after trea tm en t of the sample w ith sulfite and hydroxide, and 
again after acidification for alpha- and colored T N T .

If the analysis has proceeded through the sulfite hydroxide 
treatm ent and the question of the presence of amm onium picrate 
remains, a  50-ml. portion after sulfite hydroxide trea tm en t is 
acidified w ith 5 ml. of concentrated c.p. hydrochloric acid. A fter 
th e  acid has been allowed to react for about a m inute, the sample 
is examined again a t  460 and 505 m/u. Complete decolorization—
i.e., extinction readings no longer than  the blank for the machine 
a t  460 m u—indicate th a t  both  amm onium picrate and colored 
T N T  are absent. If, however, a  decided yellow color rem ains 
«trid there is a  considerable fall in extinction from 460 to  505 mp, 
ammonium picrate is indicated and colored T N T  m ay also be 
present. However, all ordinary concentrations of ammonium 
picrate (up to  about 100 p.p.m . undiluted) show no extinction a t  
505 mju, so th a t the E  reading a t  505 m/u after acidification indi
cates only colored T N T .

C A L C U L A T IO N  O F  E X T IN C T IO N  D A T A

To help illustrate how extinction da ta  for this procedure can be 
readily interpreted and calculated to  the various constituents, a 
system of identification of the extinction values for each wave 
length read and each step in the procedure is introduced.

For this purpose, le t us label all observed extinctions as Eo  and 
the calculated or extinction components for amm onium picrate, 
colored T N T , and alplia-TN T as Ep, Ec, and E a , respectively. 
To indicate the wave length a t  which th e  readings were made, 
we will add H  for 505 mu  and  L  for 460 mji to  the above symbols. 
Finally, to  indicate w hether th e  extinctions were read after 
clarification (step 1), sulfite hydroxide trea tm en t (step 2), or 
acidification (step 3), le t us add  the figures 1, 2, and 3, respec
tively. To illustrate, E oli means the observed extinction a t  460 
niM after the first step; and E aiu means the extinction compo
nen t for the alpha-T N T  a t  505 mu after the second step or the 
sulfite hydroxide treatm ent. Although the Ep, Ec, and E a 
values are no t observed directly in a mixed sample, these extinc
tion components m ust be obtained before the concentrations of 
these constituents can be estim ated. If  however, the sample 
contains only colored T N T , then E o n  becomes also E cu-

In  all cases the constant or K  value m ust be known for each 
constituent a t  the wave length and step  a t  which the extinction 
component is to be converted to  th e  concentration of th e  compo
nent. These constants m ust be determ ined for each machine 
on a  series of diluted standards for th e  particular component, 
step, and wave length needed. F or convenience in  th is discus
sion, the K  values will be lettered and numbered after the same 
plan as the extinction values. F or instance, K p l i  means the con

s t a n t  for a pure ammonium p icrate solution when th e  extinction 
was read  after th e  first step  a t  460 mm, and Kaipz means the con
s ta n t for alpha-T N T  a t  505 m.u after sulfite hydroxide treatm ent.

To indicate how the extinction values will change in  this ana
lytical procedure, Table I I  is presented. In  th is tab le  +  indi
cates a finite extinction value for the constituent, + +  indicate

an increase in extinction, =4= indicates a decrease, and 0 indicates 
th a t a  finite extinction is no t observable.

A list of equivalents, conversion factors, and K  values th a t 
have been determ ined on pure solutions in  th is laboratory is given 
below. Although it  is believed th a t the equivalents and con
version factors will hold for other instrum ents, the K  values will 
vary w ith the ad justm ent of the instrum ent, and so m ust be de
term ined for ammonium picrate, colored T N T , and alpha-TN T 
solutions. Although values for these constants are given here, 
they  cannot be used for da ta  on other instrum ents if the highest 
accuracy is desired. I t  will be noted th a t  there is some differ
ence in the constants given hero and those given earlier (5). This 
difference is due to  a  readjustm ent of the instrum ent after a slight 
accident in the laboratory and illustrates the possible variation in 
constants w ith different instrum ents.

E Q U A T IO N S  A N D  F A C T O R S  F O R  C A L C U L A T IO N S

Eom  =  Earn (as both picrate and alpha-T N T
have 0.0 E  values a t  505 m/i) (1)

E o l i  =  E p l i  +  E c u  ( 2 )

Eon 2 =  E pm  +  Ecu z +  E aiu  (3)

E c u  =  Ecui X 1.63 (4)

E cm  =  E cm  • (5)

E pm  =  E pia X f  or E p n  X f  (6)
where /  is a  factor depending upon the ammonium picrate con

centration and dilution of ammonium picrate:
U nder 20 p.p.m ., no dilution, /  =  1.92
20 to 300 p.p.m ., y 7 dilution or higher, /  =  0.3

P .p.m . of colored T N T  =  ? CL'Q " p 0 0? X d (7)

r> r i E p l i  — 0.03 , /mP.p.m. of ammonium picrate =  -----0^33 ----- “  W

P.p.m . of alpha-T N T  =  g ^ ~ 0,03- X d (9)

where d in  E quations 7, 8, and 9 =  the dilution factor.
T he simplest way to complete th e  calculations when all three 

components are present is 011 the basis of E quations:
1 and 7 for colored T N T
2, 4, and 8 for ammonium picrate
3, 5, 6, and 9 for alpha-T N T

Although a t  first glance this spectrophotom etric system  of 
analysis m ay seem slightly formidable, it  is really very simple. 
I t  is, of course, subject to  a num ber of observational errors, b u t it 
presents a sound and  practical procedure which enables the esti
m ation of all these constituents when they  are present together 
and indicates the absence of any one th a t is no t present.

B IO C H E M IC A L  O X ID A T IO N  O F  A M M O N IU M  P IC R A T E  W A S T E

' Concentrations of ammonium picrate in wash w aters and evap-/ 
oration ponds vary  between 100 and 300 p.p.m . A series of am 
monium picrate dilutions was m ade up in 1%  sewage diluted with 
mineralized phosphate dilution w ater and containing concentra
tions of 0 to  1000 p.p.m . of ammonium picrate. T his series was 
p u t up in standard  B.O.D. bottles and incubated a t  20° C.
B.O.D. determ inations in duplicate were run  a t  the end of 2, 3, 
and  5 days’ incubation, and residual ammonium picrate concentra
tions were determ ined by the spectrophotom eter for each sam ple 
after each incubation period. T he results are shown in Table I I I .

These da ta  indicate: (1) th a t there is no a ttack  on the above 
concentrations of amm onium picrate by  the microflora of 1%  
sewage during the 5-day incubation period. (2) As the maximum 
deviation from the m ean B.O.D. for th e  first five samples a t  each 
incubation period was no greater th an  10%  (which is considered 
a  satisfactory check in  B.O.D. work), i t  is concluded th a t con
centrations of ammonium picrate up to  100 p.p.m . have no effect
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on the 5-day B.O.D. of the medium. (3) W ith higher concentra
tions of amm onium picrate, an  inhibiting effect increasing w ith 
the concentration of ammonium picrate is indicated.

To determ ine the effect of prolonged incubation on the bio
chemical oxidation of amm onium picrate solutions, 300 p.p.m . of 
ammonium p icrate in  1%  sewage were incubated for 50 days and 
B.O.D. determ inations were run a t  regular intervals during the 
incubation period. W ith the concentration of am m onium  pic
ra te  used, a  lower B.O.D. was found a t  the 5- and 10-day in ter
vals th an  th a t  of the  control, b u t a t  the end of th e  20-day period 
there was very little  difference. T he B.O.D . of the ammonium 
picrate solutions showed very slight variation from th e  15th to  
th e  50th day. T he concentration of am m onium  picrate as 
measured by the  spectrophotom eter was practically  unchanged 
to the 15th day.

EFF E C T  O F  A M M O N IU M  P IC R A T E  O N  A C T IV A T E D  S L U D G E

Fresh filtered sewage containing 300 p.p.m . of am m onium  pic
rate  was fed to  activated  sludge and tire usual determ inations 
were m ade after intervals of aeration. T he results of this ex
perim ent (Table IV) show: (1) an  im m ediate loss of 100 p.p.m . 
of the am m onium  picrate dosed, w ith no fu rther loss during the 
period of aeration. (2) Removal of B.O.D . by ac tivated  sludge 
was retarded  after 2 hours’ aeration. (3) No significant change 
in suspended solids was noted.

R E D U C T IO N  O F  A M M O N IU M  P IC R A T E  B Y  S E W A G E

Upon adding am m onium  p icrate solutions to  strong sewages, a  
reduction of the p icrate was observed sim ilar to  the reduction of 
sodium hydrosulfite. T his reduction is dependent upon the con
centrations of am m onium  p icrate and sewage and  the pH  of the 
medium, the reaction proceeding more rapid ly  a t 'h ig h e r  pH  
values. T he color change is from orange to reddish brown, and, 
upon long standing, a large reduction in color is noted.

R e m o v a l  o f  A m m o n iu m  P ic k a t e  b y  C o a g u l a t io n , A c t i
v a t e d  C a r b o n , S o i l  P e r c o l a t io n , a n d  S u n l i g h t . T ests were 
carried ou t using the above m ethods for rem oving amm onium 
picrate from the waste previously described. N one of the m eth 
ods proved economically feasible. Coagulation resulted only in 
partial removal. Large am ounts of ac tiva ted  carbon are re-

Table III. B .O .D . and Ammonium Picrate Concentrations in a 1%  
Sewage Dilution Containing Increasing Increments of 

Ammonium Picrate

Table V .

A m m onium  P ic ra te  C oncen tration , P .P .M . P .O .P .,  P .P .M .
Sam ple R esidua l D eterm ined  a fte r 2 3 5

No. Dose In itia l 2 days 3 days 5 days days days days
C ontro l 0 0 174 224 278

1 10 8 .1 * Ï.Ô " 9 . 4 '9 .6 172 223 275
2 20 17.9 16.5 18.9 18.9 182 250 269
3 40 3 8 .8 3 7 .6 4 0 .8 3 9 .6 158 217 278
4 60 5 8 .3 5 6 .8 6 0 .8 58 .3 173 223 265
5 100 9 7 .0 9 4 .0 97 .9 102.1 182 228 267

M ean 173 227 272
M axim um  dev ia tion  from m ean - 1 5 +  23 - 7

C ontro l 0 0 128 171 192
6 300 316 .0 3Í6.’0 300 .8 3ÓÓ' 8 111 149 162
7 600 635 .5 645.5 615 .0 625 .0 122 129 146
8 800 833 .0 8 65 .0 833 .0 822 .5 118 131 153
9 1000 1083.0 1000.0 1166.0 979.1 108 110 124

Table IV . Effect of Ammonium Picrate on Activated Sludge

Feed 
In itia l
A fter 2-hr. aeration  
A fter 4-hr. aeration  
A fter 6-hr. aeration  
A fter 24-hr. aeration

5-D ay  B .O .D .
A  B 

P .p .m . P .p .m .
126.0
99 .0
16.7
26 .9

7 .0
2 . 6

152.0
101.3

12 .0
21.1
15.5
17.9

R em oval 
A
%

83.1
7 2 .8
9 2 .9  
9 7 .3

P ic ra te Suspended
Solids

A
B

sludge fed w ith  sew age only.

B B A B
% P .p .m . P .p .m . P .p .m .

325 .0
220 .8

88 .1 225 .0
79.1 220 .8
8 4 .7 237 .4 2Í55 2065
82 .3 229 .2 1930 1865

.m . of am m onium  p icra te .

Effect of Time on Reduction of Ammonium Picrate by 
Domestic Sewage

T o ta l P .P .M . of R educed and
D ays U nreduced Ammo

0 2 2 .0
1 10.0
2 13 .2
3 10.5
5 10.3
7 10 .3

10 9 .7
15 9 .1
17 7 .4

Loss 14.6

quired for effective rem oval. Only one type of soil tested  re
moved an appreciable am ount of p icrate on the first portion 
passed through and none rem oved a  finite am ount of subsequent 
portions. Sunlight had no effect on amm onium picrate.

P o t a b i l i t y  o f  D r i n k i n g  W a t e r  C o n t a in in g  A m m o n iu m  
P i c r a t e . Amounts of am m onium  picrate as low as 0.5 p.p.m . 
can be detected in  drinking w ater by  taste , 1.0 p.p.m . becomes 
objectionable, and am ounts up to 3.0 p.p.m . render the w ater 
unfit for hum an consum ption. These results were arrived at 
by  subm itting various concentrations of ammonium picrate in 
drinking w ater to tw enty  persons who were unaware of the con
ten ts  for ap p ra isa l..

S U M M A R Y

A simple colorimetric or spcctrophotom etric procedure was 
found satisfactory for estim ating amm onium p icrate  concentra
tions in  clear wash w aters from lines loading amm onium picrate. 
I f  the samples are turb id , the samples should bo clarified by 
filtering, settling, an d /o r centrifuging until free from any tu r
bidity . Chemical flocculation should no t be used for clarifica
tion unless absolutely necessary, for th is  m ay  remove some of the 
picrate.

T he qualita tive tests for am m onium  p icrate  are reviewed and 
a technique for a  sodium hydrosulfite tes t which will detec t 0.5 
p.p.m . of am m onium  p icrate in the presence of colored an d  alpha- 
T N T  is presented.

A quan tita tive  three-step spectrophotom etrie procedure for 
estim ating am m onium  picrate, colored T N T , and alpha-T N T  in 
mixed w aste w aters containing all th ree is presented. T his pro
cedure depends upon extinction readings m ade a t  460 and 505 
m u on the sample a fter 3 steps: (1) clarification, (2) sulfite hy
droxide trea tm en t procedure for T N T  wastes, and  (3) acidifica
tion  of the sulfite hydroxide-treated  portion. T he procedure is 
simple and  direct. A fter the necessary constants have been de
term ined and  the sample is clarified, it enables estim ation of all 
three possible constituents w ithin about 30 m inutes. D etails of 
the procedure are given.

A study  was m ade of some of the  chemical and biochemical 
properties of am m onium  p icrate waste. I t  was found th a t  the 
ammonium p icrate in  the w aste has no B.O.D. and th a t  i t  in
hibits the norm al B.O.D. reaction of sewage dilutions when 
present in  concentrations over 300 p.p.m . W ith  activated  sludge 
a partia l rem oval of about 30%  of the amm onium p icrate takes 
place w ith the rem ainder inhibiting th e  rem oval of B .O .D . after 
2 hours’ aeration. O ther m ethods of trea tm en t a ttem pted  were 
of little  practical value. T aste  tests w ith  a  group of people indi
cated th a t 1 p.p.m . m ay be considered the upper permissible 
lim it of am m onium  p icrate in  w ater for hum an consumption.

L IT E R A T U R E  C IT ED

(1) Boliiger, Adolph, J . Proc. Roy. Soc. N . S. Wales, 68, 5 1 -7  (1935).
(2) C layton, E ., J . Soc. Dyers Colourists, 46, 3 65-7  (1930).
(3) Davis, L., “ C hem istry of Powder and Explosives” ,.Vol. 1, New

York, John  W iley & Sons, 1941.
(4) Hodgson, H. H., J . Soc. Dyers Colourists, 59, 2 46-7  (1943).
(5) Ruchhoft, C. C., and M eckler, W . G., I n d .  E n g .  Chem ., A n a l .

E d ., 1 7 ,4 3 0 -5 (1 9 4 5 ) .
(6) Ydrac, Bull. Sci. Pharmacol., 23, 158-60 (1910).



Determination of Hiding and Contrast-Obliterating Power 
of Paints

P. F. LU FT , A lba S. A .  Paint Factory, Buenos A ires, Argentina

Determination of the hiding power of paints is commonly based on 
the application of increasing quantities of paint, until complete (or 
the same degree of incomplete) concealment of a given design is ob
tained. Values obtained by different procedures do not agree 
and in some cases are contradictory: when the quantities applied
are increased, the contrast does not increase in the same ratio for dif
ferent paints. For this reason, every method based exclusively on 
application of increasing quantities of paint should be rejected.

To determine hiding power, the paint should be applied in nor
mal thickness, establishing the degree of contrast between design 
and background which may be completely obliterated under these 
conditions. This may be done by painting on sheets which have 
a scale of gray shades of increasing darkness, on both a black and a 
white background, and ascertaining the hiding power by two con
stants which represent (1) the contrast between the black background 
and the lightest gray spot which may be concealed completely, and
(2) the contrast between the white background and the deepest 
gray which may be concealed completely, after the paint is applied 
in normal thickness. To avoid confusion with values obtained by 
other methods, this type of hiding power may be called contrast- 
obliterating power.

HID IN G  power, according to A.S.T.M . D344, is the ability 
of a pain t to reduce th e  con trast of a  black and a  white 

surface to  which it is applied (2). According to A .S.T.M . DIG, 
it is the power of a  paint to  render a  surface invisible or to  cover 
it up, so th a t it  cannot be seen (S). T his condition is complied 
with when designs on the surface are completely concealed.

These two definitions refer to the two more usual m ethods of 
determ ining hiding power. In  the first case, pa in t is applied on 
sheets which have black geometrical figures sharply outlined on a 
white background, and the hiding power is indicated by the 
quantity  of pain t th a t ju s t allows the design to  be seen against 
its background (method 1). In  the second case, the same tes t 
charts may be used. H ere hiding power is defined as the least 
quan tity  of pain t necessary to  conceal the designs completely 
(method 2).

In  practice the contrast to  be concealed by a  pain t is generally 
much weaker, and according to  th e  test, one product m ay be 
found inferior to another, yet still good enough to conceal the 
existing contrasts, so th a t in practice no difference would be ob
served. For this reason, the quan tity  of pain t necessary to 
render a  design invisible is often determined on te s t charts w ith 
designs of reduced contrast—for instance, dark  gray figures on 
a light gray background (method 3).

T he results obtained w ith method 2 are often designated as 
“complete hiding power”, and those w ith methods 1 and 3 as 
“incomplete hiding power” (4, 5, 6, 11, 13).

T he quantities of pa in t required for complete hiding will be 
greater than  those for incomplete hiding, and in the case of in
complete hiding this quan tity  will be a  function of the degree of 
contrast th a t  has been covered. B ut if the values thus obtained 
are to  be employed as a standard  for hiding power, for two differ
en t pain ts the ratio  of the quantities of pain t necessary to  give 
sam e hiding effect should be constant, independent of th e  method 
of comparison.

C O M P A R A T IV E  TESTS

For com parative tests, m ethods 1 and 2 were used, in the ex
pectation th a t No. 3 would yield results sim ilar to  1.

P ain ts of different types, colors, and gloss were applied by 
brush on carton sheets w ith 8 X 5  w hite and black squares 
each measuring 25 sq. cm., distributed  alternately  on a rectangu
lar area of 0.1 sq. meter. Several brushouts w ith increasing 
quantities of each pa in t gave a  series of sheets from which the car
tons could be selected in which the contrast of the designs had 
been reduced to  the same degree. These observations were made 
w ith th e  naked eye after th e  pain t had dried.

In  Table I  are reproduced th e  results obtained w ith three white 
enamels of high gloss and three red enamels. T he tes ts  which 
correspond to  the sam e final con trast are arranged in  th e  same 
horizontal lines; lines 1 to  5 and 7 to  10 refer to incomplete, and 
lines 6 and 11 to complete hiding. In  the last two vertical col
umns are inserted the ratios of quantities necessary for the same 
degree of concealing, which should be constant for each pair of 
paints. B u t this condition is never fulfilled. For instance, 3.8 
times more of pa in t C is needed th an  pa in t B  for the same degree 
of incomplete hiding (line 1); whereas the relation is 1.9 for 
nearly complete hiding (line 5) and 1.5 for complete hiding (line 
6). Comparison of pain ts F  and E  yields a contradictory result: 
F  is superior to  E  if th e  con trast of th e  surface designs is incom
pletely concealed (line 10), and inferior for complete hiding (line 
11).

In  order to evaluate the  significance of these discrepancies, the 
variation in  pain t quantities which m ay be determ ined for the 
same hiding effect should be known.

In  the case of incomplete hiding power and observation by the 
naked eye we can estim ate this variation  by A .S.T.M . 
method D344 (1939) (2). T his prescribes th a t th e  quantities to  
be applied on th e  te s t charts shall increase by  th e  factor 1.15 and 
th a t 10 interm ediate values m ay be estim ated; th a t m eans th a t 
the uncertain ty  am ounts to  \ / l 5 %  =  1.3%. This precision,

Table I. Quantities of Paint for the Same Hiding Degree

Lino Q uantities  of P a in t 
No. A B  C

G rams/sq. meter
H iding

W hite  P a in ts

R a tio  -of 
Q uan tities  

C and  A  C an d  B

1 . . .  12.1 46 Incom plete , m edium  con- 3 .8
tra s t

2 . . .  15 .6  55 Incom plete , m edium  con- . .  3 .5
tra s t, som ew hat less 
th a n  1

3 - 2 0 .7  . . .  66 Incom plete, m edium  con- 3 .2
tra s t, som ew hat less 
th a n  2

4 115   166 Incom plete , very  sm all 1 .5
co n tra s t

5 . . .  95 179 Incom plete , very  sm all . .  1 .9
con trast, som ew hat less 
th a n  4

6 180 157 235 C om plete 1 .3 1 .5

7
D

32
E F

45

R ed P a in ts

Incom plete , m edium  con

F  and  
D

1 .4

F  and  
E

8 37 47
tra s t

Incom plete , m edium  con 1 .3

9 40 50

tra s t, som ew hat less 
th a n  7 

Incom plete , m edium  con 1 .25

10 53 68 57

tra s t ,  som ew hat less 
th a n  8 

Incom plete , m edium  con 1 .1 0 .84

11 230 265 280

tra s t, som ew hat less 
th a n  9

C om plete 1.21 1 .15

484
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Table II. Quantities of Paint for the Same Degree of Hiding (6)
R atio  of Q uantities

Line __
No. G

Q uantities 
of P a in t0
H  J  K

Grams/aq. meter 
108 26 15 14

348 63 60 84

H iding

0 .4 0

0.022

a a O
and and and
H J K

4 .2 7 .1 7 .6

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

° P a in ts  G, H , J ,  and  K  correspond to  p roducts  4, 2, 3, and  1, respectively, 
of G ordon and  Gildon.

however, can be expected only for pain ts of exactly the sam e color 
and gloss. T he least difference in these factors makes m uch more 
difficult the comparison of th e  te s t charts. According to  tes ts  
carried ou t w ith a great num ber of persons of different sexes, 
ages, and occupations, the uncertain ty  for red enamels of high 
gloss w ith very few differences in  the red hue, is estim ated as a t 
least 10%.

T he difficulty is still greater if we have to determ ine the quan
tities necessary for completely concealing the designs. 
For well-known physiological reasons, the least contrast which 
m ay be perceived w ith the naked eye corresponds to a smaller 
reflectance ratio  for shades of medium reflectance th an  for shades” 
of very low or very  high reflectance. On the o ther hand, differ
ences in color and gloss do no t interfere in su ch 'a  pronounced 
manner, so th a t pain ts of very different color and gloss m ay be 
compared. The author estim ates the variation in the deter
m ination of the complete hiding power as a t  least 15%.

This indicates th a t the discrepancies deduced from T able I 
cannot be explained by te s t errors.

These results are confirmed by a  paper published by Gordon 
and Gildon (£), found after the au thor’s experim ents had been 
completed. [The au thor’s te s ts  were made in the second quarter 
of 1944 during the preparation of an Argentine specification for a 
method of determ ining the hiding power of pain ts (Norma  
[ram, 1072, in preparation). See Informaciones Iram, 9, 159 
(1945).] Although these authors do no t directly tre a t the prob
lem of th e  present publication, useful values have been extracted 
from their tables and curves.

Gordon and Gildon also m ade brushouts on sheets winch had 
black and white squares. Using a photom eter, they  determ ined 
the ratio  of light reflectance between dark  and light squares after 
applying increasing quantities of pain ts of different colors and 
finishes. (They use the term  “contrast ra tio” instead  of “reflec
tance ra tio ” , which the au thor prefers.) In  Table I I  are given 
the quantities found in their curves.

For m edium concealment, leaving a m edium con trast (C  =  0.40: 
A D  =  0.40)

For good concealment, leaving a  little  con trast (C — 0.80: AD  =  
0 .10)

For alm ost complete concealment, leaving an alm ost im percepti
ble contrast (C =  0.95; AD — 0.022)

'  C indicates the reflectance ratio  between th e  dark and the light 
squares of the  pain ted  sheet, and AD  the  corresponding (log
arithm ic) contrast.

Comparing the quantities of two pain ts necessary for the same 
hiding effect—th a t is, th e  values in th e  sam e horizontal line of 
Table I I — the ratios are no t constant, nor do they  vary  always 
in the sam e sense, which is in accordance w ith results deduced 
from T able I.

For example, on applying pa in t G in a film 7.6 tim es heavier 
than  K , G ordon and Gildon obtained in  both  cases the  sam e con
tra s t of AD =  0.40 betw een the dark  and  the light squares (line 
1, T able II) ; on the o ther hand, they  needed only 2.4 times as 
much of pa in t G as of K  to  render th e  squares invisible (line 3). 
The comparison of pa in t H  w ith  J  and K  yields contradictory 
results: H. is superior for covering th e  designs completely (line 3)

and inferior for concealing them  only partia lly  (line 1). The 
producer of pa in t H, consequently, is interested in determining 
the “ complete” hiding power, whereas the m anufacturer of J  and 
K  will prefer th e  “incom plete” hiding power.

T he study of hiding power published by the Baltim ore Club 
(4) refers only to  w hite paints, so th a t  its  results cannot claim 
such general application as those trea ted  in Tables I  and II. 
Nevertheless Table I I I  gives the values deduced from their 
curves.

The investigations were carried ou t by brushouts on test 
charts provided w ith black designs on a  white background. 
These show th a t the relative hiding power of a  pain t depends on 
the contrast which is agreed upon for the comparison. The 
“H . O. lithopone 60%  pain t” is b e tte r th an  the “lithopone pa in t” 
for contrast AD  =  0.10, b u t inferior for AD = 0.022. In  Figures 
4 and 6 of (4), the  discrepancies pointed ou t occur even with 
pain ts which contain the same pigm ent and the sam e vehicle, 
the only variation being the ratio  between these components. 
According to Figure 6 the “H. H . lithopone pa in t”  w ith 50%  
pigm ent concentration covers be tter than  th a t w ith 40%  if a 
reflectance ratio  of less than  0.96 is to  be obtained (A D greater 
than  0.018, “ incomplete hiding” ), whereas for a ratio  greater 
than  0.96 (“nearly complete hiding” ) the 40%  pain t is superior.

Another confirmation of the au tho r’s results m ay be found in 
H aslam ’s paper (7). H e indicates th a t  the sam e quantities of 
two different white paints, I  and II , are necessary to  cover up  a 
black background completely; b u t to  conceal i t  incompletely, 
leaving the same light reflectance, w ith both  paints, he had to 
apply a greater quan tity  of I I  than  of I, the  ratio  depending on 
the degree of obliteration. For th is reason, H aslam  rejects the 
determ ination of incomplete hiding power.

According to  all the above experiments, i t  is no t permissible 
to stipu late  a simple proportion for transform ing incomplete hid
ing power into complete hiding power, as is assumed by the for
m ula (5 , p. 25).

Incom plete H . P. of sam ple complete H . P. of sample
incomplete H . P . of standard  complete H . P. of standard

All the argum ents adduced prove th a t the hiding power values 
for pain ts depend on the degree to  which the original con trast of 
the designs on the te s t chart has been reduced. There is no gen
eral value for the hiding power, neither absolute nor relative, if 
th is m agnitude is defined and determ ined by the m ethods to 
which reference has been m ade and which are the m ost commonly 
used.

Table III. Quantities of Paint for the Same Degree of Hiding (4)
Q uan tities  of P a in t

P a in t

T itan ium -lithopono , 50%  
T itan ium -barium , 50%
H . O. lithopone, 60%  
Lithopone
L. O. lithopone, 60%
H . H . lithopone, 40%

C «• 0.80, C ■■ 0.95, Figure 
AD -  0.10 AD  -  0.022 of (4) 

Orams/sq, meter
3 .2
3 .9
4 .1
4 .4
5 .6
5 .7

8 .9
11.2
12.3
10 .4  
13 .2  
12.8

C A U S E S  O F  D IS C R E P A N C IE S

The causes of the discrepancies pointed ou t above are the same 
as those m entioned to  explain the effect of pigm ent concentration 
on hiding power (4). T he concealing effect of a  pigm ent depends 
no t only on its  quan tity  per un it area, b u t also on its  dispersion 
and distribution w ithin the layer; and the concealing behavior 
of a  pain t coat is determ ined by its  light absorption as well as by 
light scattering. I f  we apply a greater quan tity  of paint, we m ay 
expect the areal pigm ent concentration and its  light absorption 
to  increase in the same ratio, b u t the scattering will change for
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each pain t ill a  different manner, thereby causing the discrepan
cies mentioned above.

T he author is indebted to  D eane B. Judd, N ational B ureau of 
S tandards, for the .suggestion th a t  K ubelka and M unk’s study
(10) of the relationship between light reflection and thickness of 
homogeneous layers m ight aid in this investigation. T he la tter 
expounded an equation expressing this relationship by  two con
s tan ts : reflectivity— the reflectance of an infinitely thick speci
men of the m aterial—and coefficient of scatter. Judd, Hickson, 
and Eickhoff (9) showed th a t th is equation applies sufficiently 
well to  white and near-white cold-water paints. If it  could be 
proved th a t the theory  of K ubelka and M unk is also valid for oil 
paints, both  glossy and flat, it would be possible to base the 
specification of hiding power of pain t simply on th e  scattering 
coefficient, and the  discrepancies pointed out above would no t 
exist. This decision would have to  be checked by brushing out 
known quantities of pa in t over black and white backings, and 
measuring th e  reflectances.

Judd (9) gives a  curve chart calculated by means of the 
K ubclka-M unk equation, which perm its in a  very simple manner 
deduction of th e  reflectivity and the product of thickness and 
scattering coefficient, from the ratio  of the reflectances on black 
and w hite backgrounds and from the reflectance on a black back
ground; knowing the thickness we m ay calculate the scattering 
coefficient. Once these two constants—reflectivity and scatter
ing coefficient—are determ ined we m ay find w ith the aid of the 
same curve or the corresponding equations, the values of light 
reflectance on any background (black, white, or gray) and for 
every desired thickness of film. These two num bers would, con
sequently, characterize the hiding behavior of th e  pain t in a 
general manner.

In  practice, however, this method would have two disadvan
tages. A part from the necessity for using a  reflectomcter, 
results obtained by measuring the reflectances w ith daylight 
would be satisfacto iy  only in th e  case of w hite or near-white 
paints; m aterials having highly chrom atic colors will require 
values of reflectivity and coefficient of scatter as functions of 
wave length (9).

S U G G E S T E D  N E W  M E T H O D

G e n e r a l  P r i n c i p l e s . T he determ ination of hiding power is 
usually carried ou t by applying increasing quantities of paint, 
until complete— or the sam e degree of incomplete— concealment 
of a design is obtained. In  order to  secure th e  desired covering, 
the pain t m ust sometimes be applied in a  thickness which is far 
from norm al; values determ ined under such extreme conditions 
are no t of practical interest, as they  give no indication of the 
hiding behavior of the pain ts under norm al conditions of 
painting.

In  view of th is fact, it  seems best to  face the problem from the 
inverse aspect. We should no t raise th e  usual question “w hat 
thickness of paint is to  be applied for concealing a given contrast 
(partially or completely)?” , b u t should ask “ which con trast m ay 
be concealed when the pain t is applied in norm al thickness?” .

T he A.S.T.M . method (2) is based on th is second point of 
view. B ut this te s t has to. be carried ou t in a ra th er inconvenient 
manner and for this reason has no t received wider acceptance
(6). According to  this method, pa in t should be applied in a 
norm al thickness on a  white sheet w ith black designs, and the 
concealing degree determ ined by visual comparison w ith a  scale 
of contrasts obtained by brushouts of increasing quantities of a 
s tandard  pa in t on other sheets which have the sam e designs. 
This m ethod is no t an absolute one and requires a  standard  
pain t; satisfactory results can be obtained only w ith products 
of very sim ilar hue and finish.

In  order to  avoid all these inconveniences, a  new m ethod for 
the determ ination of hiding poiver is proposed here. T he pain t is 
to  be applied in norm al thickness, establishing th e  degree of con
tra s t betw een background and design, which m ay be completely

obliterated under these conditions. In  order to  comply w ith this 
stipulation, pa in t is applied on te s t charts which have, on both a 
black and a white background, a scale of gray shades of increas
ing darkness and the hiding power is ascertained by two con
s tan ts  which are numerically equal to  the value of (1) the con
tra s t between the black background and the lightest gray spot 
which m ay be concealed completely, and (2) the contrast between 
th e  w hite background and th e  darkest gray spot which m ay be 
concealed completely, when the pain t is applied in a  norm al de
gree of thickness. As a  consequence of these definitions, we ob
ta in  positive values for th e  standards if the te s t is carried ou t on a 
black background, and negative ones for te s ts  on a w hite back
ground.

T his con trast is found as the difference of the densities of back
ground and  gray spot, th e  density being the negative logarithm  
of the light reflectance ratio  of these two areas. In  consequence, 
the “con trast” m ay also be defined as the. negative logarithm  of 
the ratio  of the light reflections of background and  gray spot. 
M any papers indicate directly th e  numerical value of th is re
flectance ratio  (sometimes called con trast ratio , although the 
term  “ con trast” itself involves a ratio) in order to  describe a 
con trast between two areas, b u t according to  th e  law  of Vi ebcr 
and Fechner the impression on the  hum an eye corresponds to  the 
densities and their difference, and  n o t to  the reflectances and  their 
ratio . , , ,

Although the term  “ con trast” should be reserved for the den
sity difference, th e  term  “ logarithm ic con trast” is sometimes 
found, since th is difference is equal to  th e  logarithm  of the re
flectance ratio  and  in order to  differentiate from th e  “numerical 
con trast” , which is th e  num erical value of the reflection ratio .

T he m agnitudes m entioned are defined and  connected to  one 
another by the following relations:

I f  I  is the in tensity  of th e  incident light, and  I ' ,  I", etc., are 
intensities of the reflected light, we have:

I '
L ight reflectance: R ' =  -y 

D ensity : D ' =  log p  =  — log R '

I '
Reflectance ratio  (contrast ratio, num erical co n trast): C = p , 

C ontrast (logarithm ic co n tra s t) : AD  =  D ' — D" =

log j ;  =  - 1 °6 C

In  scientific photography th e  m agnitudes “density” and (log
arithm ic) “ con trast” are used exclusively, never the  “reflectance 
and  their ratio  (the num erical contrast). . .

W henever we wish to  differentiate the reflectances, densities, 
reflectance ratios, and  contVasts which exist in  th e  surface to be 
painted, from those which exist in th e  applied p a in t coat, we use

R , R ', D, D ', C, AD, etc., for m agnitudes which refer to the 
background

and

R r ’, D d', Cb ’, Dd ', etc., for m agnitudes which refer to  the 
p a in t film

indicating, for example, D d' (or Do-w), th e  density of a  pa in t film 
which has been applied on a  surface, th e  density of which is U, 
(or 0.50).

T o avoid confusion th is type  of hiding power m ight be called 
“contrast-obliterating power” since usually “hiding power is 
understood to  be the quan tity  of pa in t necessary for a definite 
hiding effect, whereas according to  th e  present method a contrast 
value is used for m easuring th e  concealing behavior.

If  it  is m ore convenient, the gray scale m ay also be on a uni
form gray background. In  this case, th e  hiding behavior of the 
p a in t would be characterized by two constants which are numeri
cally equal to  th e  contrasts existing betw een th e  gray back
ground and th e  lightest and darkest gray spots which have been 
rendered invisible, th e  first value being a positive num ber and 
the second a negative one. For reasons explained later,
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this paper is restricted to measurem ents w ith blac-c and white 
backgrounds. •• .

The new m ethod gives absolute, no t relative values (as, for 
example, the A .S.T.M . method and m any others); no standard  
pain t is necessary. I t  is independent of the color and the  finish 
of the paint. I t  m ay be carried ou t in a  simple m anner, w ith a 
single application of paint, whereas for the other proceedings it  is 
generally necessary to  pain t a  greater num ber of te s t charts in 
order to  obtain one w ith the required reduction of the original 
contrast. The observation is carried ou t by the naked eye, 
w ithout any optical instrum ent, on both  fresh and dried films.

T hus the values of contrast-obliterating power are no t only 
more closely related to  the practical performance of the pain t 
than  the conventional hiding power, b u t the determ ination m ay 
be carried ou t more easily.

tance th a t w ith a 4-second exposure and after norm al develop
m ent, very  little  blackening was brought about. W ith tins il
lum ination, the rows of circles were exposed, the exposure time 
being augm ented so th a t  each row was blackened very little  more 
than  the preceding (tim e factor for film was -\/2 ). A contact 
copy was prepared from the negative, utilizing a  paper of very 
hard  graduation  and  a  special developer in order to obtain blacks 
of a high density . A dapting th e  exposures and  developm ents to  
the special characteristics of th e  photographic m aterial, columns 
of gray spots were obtained, varying from a very ligh t to  a  very 
dark  gray. In  order to  have the circles on a w hite background 
and to  obtain a  w hite semicircle, the corresponding p a r t of the 
negative was covered w ith th e  special photographic opaque color 
commonly used for this purpose.

If  m any te s t charts are to  be prepared it  is convenient to  have 
them  made by lithography. E ach copy of th e  set has the same 
densities of th e  white, gray, and black spots, and of th e  back
grounds, so th a t the density  m easurem ents of one te s t chart are 
good for all.
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Figure 1. Tesi Chart for Determining Contrast-Obliterating Power

T h e  M e t h o d . Figure 1 shows a g ray  scale prepared by pho
tography, in which the gray shades have the  form of semicircles 
in order to  m ake observation easier. T he first semicircle is white, 
whereas the rem aining p a rt of the  circle is a  very  light gray. 
The same gray is repeated in  the  upper semicircle of the next 
sphere, the adjoining semicircle following w ith a little  deeper gray.

In  a darkroom , a fine-grained film of soft graduation  was cov
ered w ith a carton  perforated in a m anner which corresponds to 
the circles of Figure 1. A weak ligh t was m ounted a t  such a  dis-

In  this m anner, the gray of the semicircles gradually increases 
in darkness, the las t one being black. The gray of the lower 
semicircle is always repeated in the upper p a rt of th e  next circle 
in order to  facilitate control of the reading. T his arrangem ent 
has been repeated in four columns, two on a  white background, 
and two on a  black. The four semicircles in the sam e horizontal 
line have the same gray, b u t by a con trast effect those on the 
white backing seem darker. The vertical black lines and the 
two horizontal black blocks have been included so as to  make 
possible controlling the uniform ity of the pain t film.

On the two frames are indicated the densities, D, of the differ
en t grays, determ ined by  the  Goldberg densitom eter. T he con
trasts , AD, which exist between the black (left) and the w hite 
(right) background and each gray spot, are also given.

In  order to  obtain satisfactory results w ith th is method, it  is 
necessary to  apply the pain t in a  layer of exactly uniform th ick
ness. Such films have been produced by the use of the Bird film 
applicator, otherwise known as the B radley blade. [In a  general 
description of m ethods of applying uniform films (12), th is doctor 
blade is dealt w ith; a  sketch of th is  applicator m ay be seen in 
Figure 591 of G ardner’s publication (5). A special m ethod was 
described by Howard (8). See also (1).]

This device is an accurately machined steel bar w ith a  bevel 
edge and a  specific clearance between th e  edge and the ends. For 
these tes ts  three different applicators were used, one w ith a  clear
ance of 0.0075 =*= 0.001 mm. and a  w idth of 5 cm., ano ther w ith 
a clearance of 0.150 =*= 0.002 mm . and a w idth of 5 cm., and a 
th ird  w ith a clearance of 0.150 ±  0.002 mm. and a  w idth of 15 
cm.

T he thickness of the films obtained w ith these blades depends 
to  a  certain extent on th e  characteristics of the pain t—for exam
ple, viscosity, flowing—and th e  m anner of operating. B u t the 
differences of film thickness are no t so pronounced as in th e  case 
of brush application.

Painting  enamels A  and D  norm ally w ith a  brush, fresh films 
0.07 and 0.04 mm. thick, respectively, were obtained. W ith 
ijrushouts well spread out, pain t A  also gave a thickness of 0.04 
mm. On the o ther hand, th e  applicator rendered the sam e thick
ness w ith bo th  paints, 0.042 mm. w ith th e  clearance of 0.075 mm. 
and 0.074 mm. w ith the clearance of 0.150 mm. I t  m ay  therefore 
be assumed th a t  th e  films obtained .w ith  the tw o clearances of 
0.075 and 0.150 mm. correspond for these pain ts to  a well brushed 
ou t layer and to  a  heavy coat, respectively; which m eans in both  
cases the thickness of one coat in the norm al pain t job.

In  order to  have the photographic papers well flattened— 
necessary for uniform application w ith th e  Bradley blade—it 
v'as fixed on a  glass p la te  w ith  a  nondrying adhesive which could 
be easily washed off once th e  te s t had been finished. Howard 
(8) recommends holding th e  te s t charts flat by suction on a plane 
plate-glass cover drilled w ith holes.

P r e p a r a t i o n . H eat 34 p a rts  of glycerol to  the boiling point, 
add 51 p a rts  of w hite dextrin, mixing well, and, a fter cooling, 14
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parts  of w ater and 1 p a rt of tu rkey  red oil or the  corresponding 
quan tity  of another w etting agent.

P r a c t i c a l .  R e s u l t s .  Figure 2  shows the te s t chart a fter a  
pain t has been applied in the m anner described, and in Table IV 
are reproduced some results of tests. A higher absolute value 
indicates th a t the product has a  superior hiding power, the posi
tive values corresponding to  the obliteration of spots lighter th an  
the background, and th e  negative ones to  spots darker than  the 
background.
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Figure 2. Test Chart after Applying Paint

Sem icircles with the greatest contrast which have been co m p lete ly  obliterated are 
marked with a cross/ they  correspond to a contrast A D — 1 .2 6  on the b lack back
ground, and greater than — 0 .0 7  but less than 0  on the w hite background. If the 
paint is ap p lied  with a blade of 0 .075-m m . clearance, the tested product is charac
terized by

C O P c -a .o :i on b lack =  1 .2 6  
COPc-o-071 on white >  — 0 .07  

<  0 .0 0

As the pain ts tes ted  showed in  practice considerable differences 
in hiding behavior, it m ay  cause surprise th a t  according to  Table 
IV  no differences were found when the products were well sprayed 
ou t on a g ray  scale appearing on a white background. In  th is 
case, the obliterated con trast is still sm aller than  th a t of the 
lightest gray spot. If  any differences exist, they  m ust be within 
the very  sm all con trast range of AD =  0 and AD =  —0:05, and 
therefore no t determ inable by the te s t chart. Applying th e  same 
paint in a thick coat, the  obliterated con trast is great enough to

Table IV . Contrast-Obliteratins Power of Different Paints
(G rea test co n tra s t ob lite ra ted  b y  a  p a in t film of no rm al thickness) 

G rea tes t C o n tra s t O blitera ted
W ell B rushed O u ta T hick  Coat&
W hite B lack W hite B lack
back  back back back

P a in t Color ground ground ground ground
D Red - 0 . 0 5 0 .7S - 0 . 0 7 1.05
E R ed - 0 . 0 5 0 .5 8
F Rod - 0 . 0 5 0.'39 - 0 . 0 5 0 .84
L W hite - 0 . 0 5 0 .7 2
M W hite - 0 . 0 5 l'.O l
N W hite -CLÔ5 RÔ1 - 0 . 0 9 1.15
P Yellow - 0 . 0 5 0.72 - 0 . 0 7 1 .15
Q B ordeaux- - 0 . 0 5 0 .30 - 0 . 5 9 0 .8 8

a A pplicato r clearance, 0.075 mm. 
& A pplicato r clearance, 0.150 mm.

be s ta ted  in  this chart, bu t the values for the different products 
are very sim ilar and give no true picture of their real hiding dif
ferences. On the o ther hand, very noticeable differences exist 
for the con trast values which m ay be obliterated on the black 
background, and  these results agree w ith the differences of hiding 
behavior which were observed in the  practice of pain ting  for the 
tested  products. Consequently, the determ ination of contrast- 
obliterating power should be carried ou t on a black background.

T able IV  presents ano ther proof th a t the  concealing power of a 
pa in t does no t increase in  th e  same degree for th e  different p rod
ucts when applied w ith greater thickness. On the black back
ground, pa in ts N  and  P  cover in  the same degree for a  “ thick 
coat” , b u t for a  “well brushed o u t” layer P  is very  inferior to  N .

An exceptional effect’occurs w ith p a in t Q. F o r th e  lesser th ick
ness, Q has the least contrast-obliterating  power o f  all products 
on both  backgrounds; for th e  greater thickness, Q is very supe
rior to  all the  o ther pain ts of T able IV  on th e  w hite background, 
b u t no t on the black. T his example proves the im portance of 
testing also on a w hite background.

For this reason, it  is preferable to  indicate two values of con
trast-obliterating  power, one referring to  a black background, 
and the other to  a  w hite one (Figure 2), b u t in general, charac
terizing a  pa in t by its  contrast-obliterating power on a black- 
background m ay be sufficient.

G E N E R A L  R E M A R K S

G ardner (5) gives on page 19 a  h in t on th e  m ethod suggested 
here—i.e., to  determ ine the  degree of con trast which m ay be com
pletely obliterated. This proposal was apparently  never p u t in 
practice, for G ardner would have observed th a t  the te s t in the 
form suggested by  him produces ra th e r unsatisfactory results. 
G ardner proposes covering w ith the te s t pa in t a  series of gray 
blocks of increasing density, which a lternate  w ith white blocks; 
which m eans a te s t chart in which different gray shades appear 
on a w-hite background. In  th is way, as m ay  be seen from Table
IV, only very pronounced differences of hiding power can be ob
served. I t  is im perative to  observe the concealment of con
tra s ts  between the single gray degrees and a  black background.

Others m ay prefer a gray background, several gray backgrounds 
of different shades, or black and w-hite and grays, arguing th a t one 
or the o ther of these proposals m ore nearly approaches practical 
conditions. In  th is case, however, th e  gray shades wTould have 
to  be well defined, and the advantage would possibly be annulled 
by  difficulty of obtaining the shade agreed upon wherever the 
te s t should be carried out.

Considering the fact th a t th e  au thor’s method is designed for 
practical purposes, we m ust lim it to  the minim um the num ber of 
constants used to  characterize the hiding behavior and choose 
among th e  different possibilities those which m ay be p u t in prac
tice in the easiest m anner, because a  som ewhat less exact charac
terization is satisfactory if we m ay obtain  a  sufficiently good one
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with fewer samples and less work. Finally, it  is shown below 
th a t for theoretical reasons also the use of gray backgrounds is 
inadmissible.

In  the tes t chart the au thor has utilized ten gray shades as 
well as black and white. I t  is no t necessary to  use the same 
graduation as in th is te s t chart. A finer graduation is possible, 
b u t should no t be necessary for practical purposes. If  required, 
interm ediate values m ay be obtained by interpolation.

Preparing tes t charts in different places, it  is certain th a t other 
gray shades will be obtained th an  those which appear in the 
au thor’s chart. B u t these changes are w ithout im portance be
cause the contrast-obliterating power values refer to  the contrast 
values which have been determ ined for the  gray spats, and not 
to  the num ber of spots obliterated. These contrasts are defined 
as differences of densities; the m easurem ent need be carried out 
only once for every set of te s t charts and m ay be done in any 
physical or scientific-photographic laboratory.

The author preferred in his te s t chart gray spots which are 
surrounded by black or white in order to  m ake the observation of 
obliterating easier. Only a  limited num ber of contrasts appears 
in „the te s t chart (which according to  the au tho r’s opinion is suf
ficient), b u t it  would likewise be possible to  use a gray stripe, the 
depth of which increases continuously. Such a design can be pre
pared, for example, by  exposing a photographic m aterial behind 
a  ro ta ting  opaque disk from which a  sector has been cu t out, the  
w idth of which increased from the center to  the periphery by  a 
factor which depends on the characteristics of the photographic 
material.

The method is to  be carried ou t w ith normal thickness of paint 
film. T his norm al thickness is the m ost convenient for applica
tion, b u t no t necessarily equal for all products. I t  m ight there
fore be b e tte r to  use a  series of applicators w ith corresponding 
clearances (or one w ith variable clearance), b u t the au thor pre
fers to te s t paints of similar type w ith the same thickness—such 
as is obtained by the use of an applicator—because the  painter 
generally levels the differences of the commercial products by 
dilution and his m anner of working.

To avoid misunderstandings respecting thickness, i t  is advis
able to  indicate th e  clearance of the applicator used, and if the 
paint has been diluted for application to describe in w hat m anner 
this has been done.

results m ay be obtained from tests  where the film thickness is 
very different. Q uantitative statem ents are of in terest for prac
tical purposes only if they  refer to  entire coats of a normal thick
ness, because the pain ter does no t apply the pain t in a  thickness 
which is a  fraction of one coat, although he m ay to  a  certain de
gree change the pain t quan tity  by dilution and m anner of work
ing. T he hiding behavior of films of the  thickness of a normal 
coat is the problem to be solved by the suggested method.

If pain ts applied in norm al thickness conceal the greatest con
tra s t w'hich exists in th e  au thor’s te s t chart, they m ust be con
sidered as best, and it  will be of no practical in terest if differences 
arise in hiding behavior w'hen these products are applied in a 
th inner coating.

The tes ts  are no t necessarily to  be carried ou t w ith the same 
thickness for every kind of paint, b u t the thickness should cor
respond to  norm al conditions of painting. This thickness, how
ever, m ay change within certain limits. For th is reason, in the 
case of paints of similar hiding power, increasing quantities of 
paint m ay be used, in order to  obtain values which allow con
clusions concerning the quantities which give the same concealing 
result, b u t only the relatively small variation of thickness is per
m itted  which corresponds to  those occurring in th e  practical 
paint job for one coat, as a consequence of different m anners of 
diluting and w'orking.

T he sam e result will no t always be obtained from two coats of 
thickness t as from one coat of thickness 2 X 1 .  N or is the rela
tion of hiding behavior of two paints the same for one coat as 
for two coats. For th is reason, it  will sometimes be necessary to 
determ ine th e  contrast-obliterating power for one and for two 
coats. In  this case the first coat is applied w ith the applicator 
15 cm. wide, and the second one, a fter the first one is dry, 
w ith the 5-cm. applicator.

' For example,

COP» - 2 x 0.160 on black =  1.59

means th a t the tested  paint, applied w ith a doctor blade of 
0.150-mm. clearance and in  two coats, will obliterate a  gray shade 
on a black background w'hich has a contrast of 1.59.

F or example, according to  T able IV, pain t 
D should be characterized by

COP. ; on black =  0.78

which means th a t by  pa in t D, applied with 
a  blade of the clearance of 0.075 mm., a gray 
spot m ay be obliterated the con trast of which 
is A D  =  0.78.

W ith the knowiedge th a t  the p a in t film in 
this case has a thickness of 0.042 mm., the 
sam e p a in t m ay be described by

COPi „  0.042 on black =  0.78

Values obtained by the usual m ethods may 
lead to  conclusions concerning the quantities 
of paint w'hich give the same concealing re
sult, w'hereas the suggested m ethod perm its 
no correlation w ith pain t quantities. B u t the 
experiments described a t the beginning of this 
paper show th a t such an  advantage does 
not exist, a t  least for pain ts of greater hiding 
differences (and in the case of products of 
little hiding differences, th e  m ethod m ay yield 
the same correlation). R esults obtained with 
a certain film thickness hold only for th a t 
particular thickness, and therefore varying
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Figure 3, Density Dd ' (Reflectance Rr ') of Paint ei A pp lied  in a Coat of 
Constant Thickness on Background of Density D' (Reflectance R')

Calcu lated  according to K ub e lka-M un k  theory with constants found b y  H ick so n  and ElckhofF. G ra y  
areas correspond to threshold zones (A , light gray; B ,  gray ;  C ,  dark gray).
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Table V . Light Reflectance of White Cold-Water Paints
(A ccording to  H ickson and  EickholT)

R atio  of R e-
L ig h t R e flectances on Reflectance

flectance of Black and of Infi
T h ick P a in t  on B lack W hite nite ly  T hick Average

P a in t ness B ackground Backgrounds P a in t Filin Value
G ./sq.ft. Ro C #.85 R  CO Roo

ai 2 .9 “ 0 .770 0 .880 0 .940 0.931
Ol 5 .8b 0.8G0 0.960 0.922
c 2 .9 “ 0.780 0 .920 0 .865 0 .870
c 5.8b 0.850 0.980 0.875

“ 31 gram s per sq. m eter.
b G2 gram s p e r sq. m eter.

IN T E R P R E T A T IO N  O F  C O N T R A S T - O B L IT E R A T IN G  P O W E R  B Y  T H E  
K U B E L K A - M U N K  T H E O R Y

Judd, Hickson, and Eickhoff (,9) have proved th a t the hiding 
behavior of w hite or near-w hite cold-water pain ts m ay be de
scribed by  the K ubelka-M unk equation (10). I t  should there
fore be possible to expound by  this theory  th e  significance of the 
standard  proposed for th a t  characteristic of paints, a t least for 
th e  pa in t type m entioned. For this study  the au thor took ad
vantage of Ju d d ’s equations and th e  m easurem ents by Hickson 
and Eickhoff (9).

According to  Judd ’s E quations 2a and  2b, the reflectance 
ratio , Cr ', m ay be expressed by  the  following equation:

Cr '

when

Ro
R r '

R'Ro

(1 -  R') +
R '(  1 -  R"R0 -  C r" +  R ’C r") 

R "C r'

(1)

R ' and R" are light reflectance of the background 
R r ' and R r " are light reflectance of a  pa in t film applied on a 

background, reflectance of which is R '  and 7?", respectively 
Ro is light reflectance of a pa in t film applied on a background, the 

reflectance of which is 0 (black background)

■ Substitu ting  in  E quation  3 the m agnitudes Ro and Co.so from 
the figures of T able V, we obtain  the following formulas:

F or p a in t ai and thickness 2.9 gram s per square foot

R r ' =
( 1  -  0 . 7 0 4 7 7 ’ )  X  0 . 7 7 0

1  -  0 . 7 7 0 7 7 ’

For pa in t a i and thickness 5.8 gram s per square foot 

(1 -  0.84377’) X 0.860
R r ' 1 -  0.86077’

F or pa in t c and thickness 2.9 gram s per square foot 

(1 -  0.71277’) X 0.780
R r ' = 1 -  0.78077’

For pain t c and thickness 5.8 grains per square foot 

(1 -  0.84277’) X  0.850
R r’ 0.85077’

These four expressions enable us to  calculate the light reflect
ance, R r '  of a  pa in t film of thickness 2.9 and 5.8 gram s per square 
foot, respectively, which has been applied on a background the 
reflectance of which is 77’. The results have been used to  p lo t 
the curves of Figures 3 and 4. Since these curves are intended 
to expound an  optical-physiological phenomenon, they  are 
plotted to a  logarithm ic scale, according to  the law of W eber and 
Fecliner. T he transform ation of the (numerical) reflectances, 77’ 
of the background and R r ' of the pain t films, to  the (logarithmic) 
densities, D \  of the background and D p' of th e  pa in t film has to 
be made according to  the relation:

D ensity  =  —log reflectance

T he curves of Figures 3 and 4 represent the density, D d> (re
flectance R r ') of a pain t film of constant thickness which has been 
applied on a  background of density  D ' (reflectance 77’).

Figure 3 shows th a t pa in t at, applied in a  constant thickness of
2.9 gram s per square foot, gives a  density  of 0.113 on a  black 
background. On backgrounds of less depth, gray backgrounds, 
this density  decreases more and more as the backgr ound turns 
lighter, being Dd ’ = o =  0.004 on an ideal white background. 
The difference of light reflection, however, cannot be noticed 
until the  density  has become modified to  a certain degree, which

r v  -  *  ,„.1 < v  -  A

are reflectance ratio  (con trast ratio) 

E quation  1 may be w ritten  also as:

R r ‘
- ( 1 +

(1 -  R ’Ro -  CR") 77’N
R ’Cr ” X

Ro
1 -  77’770 (2)

T he ITickson-Eickhoff results refer to  pa in t 
applied on a  black and white background. 
In  the la tte r  case, the reflectance being 77" =  
0.80, we obtain for th is special case

R r ‘
- ( 1 +

(1  -  0.8077o -  C q.$q) 77’ >

0 .8 0  Co.so
X

Ro
R'Ro (3 )

From  th e  curves p lo tted  from the  Hickson- 
Eickhoff Tables V and  VI, for th e  values for 
77o and  Co-so reproduced in  T able V were ob
tained. Ind icated  there  is also th e  “ light, 
reflectivity” 77„— th a t is, th e  light reflect
ance of an infinitely thick pa in t film— this 
m agnitude has been determ ined from Figure 2 
of Ju d d ’s paper.

0.02
0.00

Reflectance of Background 

0.05 0.1

Figure 4. Density D d ’  (Reflectance R r ' )  of Paint c A pp lied  in a Coat of Constant 
Thickness on a Background of Density D' (Reflectance R')

Calculated according to Kubelka-M unk theory with constants found by H ickson and E ickhoff. Shaded 
areas ( 4 ,  light gray; B ,  dark gray) correspond to threshold zones.
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D"
I
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Figure 5. Densities D" of Gray Spots Obliterated by Paint a' A pp lied  in a 
Coat of 2.9 Grams per Square Foot on a Background of Density D'

also plotted; the reflectance of the pain t film in 
this case being independent of th a t of the back
ground, stra igh t lines parallel to  the abscissa are 
obtained.

If the pain t is applied on a background, the 
reflectance, R ', of which is ju s t equal to  i?ro, the 
resulting reflectance, R r ’, of the coat cannot be 
other th an  th e  original one of the background, 
independent of th e  film thickness; this means 
th a t all the  curves plotted for different thicknesses 
m ust pass through a point, the coordinates of 
which are R ' = R „ , R r ' =  R „, a  condition 
which is sufficiently w’ell complied w ith in Figures 3 
and 4.

W ith the aid of these curves, we m ay also 
calculate contrast-obliterating power values for 
every gray background, as is shown by the follow
ing example:

Calculated from Figure 3 . G ray  areas correspond to obliteration of gray spots lighter ( .4 , light 
gray area) and darker (/? , dark gray area) than background.

is commonly called “threshold value” . T he au thor estim ates the 
threshold con trast for th is case a t approxim ately A D d1 — 0.01. 
Since the pa in t film density  on the black background is Di.70 = 
0.113, vre observe, the first reflectance difference w ith a film den
sity  of Dd ’ =  0.113 — 0.01 =  0.103. Figure 3 shows th a t  such 
a reflectance occurs if the pain t has been applied on a background 
th a t has a  density D ' =  0.53. Therefore, the deepest gray spot 
th a t m ay ju s t be obliterated on a  black background of density 
D ’ =  1.70, has density  D ' =  0.53, which m eans.

COP< _ 2.9 gram s per sq. foot on b lack# ' = 1.70 =
1.70 -  0.53 =  1.17

In order to  facilitate these readings, in Figures 3 and 4 the 
threshold zones, which correspond to  the black background 
(D ' =  1.70; R ' = 0.02) and to the white background (O ' =  
0.05; R ' — 0.89), are indicated.

In  the m anner described, the following contrast-obliterating 
power values were obtained:

For pain t ai (Figure 3)
COP( = 2.9 grams per square foot

On b lack # ' *. 1.70 1.70
On w h ite# ' = 0.05 0 .05

0 .53
0 .07

COP( = 5.8 grams per square foot
On black/)' = 1.70 1.70 — 0.20
On whiter»' = 0.05 0 .05 — 0.11

For pain t c (Figure 4)
COP( „  2.9 grams per square foot.

On b lack # ' =. 1.70 T .70  — 0.3G
On whiter»' = o.05 0 .05  — 0.0S

COPi = 5.8 grams per square foot
On blackr»' = 1.70 1.70 — 0.07
On whiter»' = 0.05 0 .05  — 0.25

1.17
-0.02

1.50
-0 .0 6

1.34
-0 .0 3

1.63
-0.20

According to  these results, pain t c hides b e tte r th an  at, the  dif
ference being not very pronounced. T his agrees w ith the result 
computed by Hickson and Eickhoff on the basis of am ount re
quired for incomplete hiding (m ethod 1). How'ever, such agree
m ent will no t always occur.

In  order to  complete Figures 3 and 4, the curves for an infinitely 
thick layer of pain t which has reflectance R a  (Table V) were

W e observe in Figure 3 th a t a  pa in t film of the 
constant thickness 2.9 gram s per square foot gives 
a density Dd' =  0.097, if applied on a  gray back
ground, the density  of which is D ' =  0.40. The 
threshold value being A Dd ' — 0.01 we may, in con

sequence, expect to distinguish from th is pain t film only coats which 
have densities, D d' greater than  0.097 +  0.01 =  0.107 and less than  
0.097 — 0.01 =  0.087. T he curves indicate th a t  pa in t films of 
densities D  =  0.107 and  0.087 are obtained on gray backgrounds 
of densities D ' =  0.70 and  D ' =  0.26, respectively. T h a t means: 
if w'e apply pa in t at in a thickness of 2.9 gram s per square foot on 
a  gray background th a t has a  density  of D ' =  0.40, we m ay ob
lite ra te  all spots darker th an  the background, which have densi
ties betw een D ' =  0.40 and  D ' =  0.70, the  corresponding densi
ties for spots lighter than  the background being between D ' — 
0.40 and D ' = 0.26. Therefore, we obtain the following values 
for the contrast-obliterating  power:

COPi = 2.9 gram s per square foot

on g ray # ' = 0.40 0.14f 0.40 -  0.26 
\0 .4 0  -  0.70 =  -0 .3 0

Of these two values, as usual, th e  positive refers to  the oblitera
tion of spots lighter th an  th e  background, and th e  negative to 
spots darker th an  the background.

In  the same m anner, the  densities, D ", of th e  ligh test and  the 
darkest gray spots which m ay be obliterated  on backgrounds of 
different gray shades w'ere calculated. Figure 5 show's th e  re
sults for the Hickson-Eickhoff pain t, ai, applied in a thickness of 
2.9 gram s per square foot. T he areas which correspond to  ob
literation  are shaded. On a  gray background of D ' — 0.50 all 
spots which have densities betw een D" = 0.32 and D" =  1.24 
are obliterated, resulting in :

COP( = 2.9 gram s per square foot

on g ray # ' = 0.05 j 0.50
0.50

0.32 =  0.18 
1.24 =  -0 .7 4

On a gray  background of density  D ' = 0.525, th e  obliterated 
gray spots m ay have a density betw'een D" — 0.325 and  D" = 
1.70—i.e., black—which means

COPi =. 2.9 g ram s pe r sq u a re  foot

on g r a y s ' = 0.525 | q 525
525

0.325 =  0.20 
1.70 =  -1 .1 7 5

W ith  this background of density  D ' — 0.525, we have for our 
special case reached th e  lim it for th e  obliteration of spots darker 
th an  the background. F or all backgrounds w ith a  deeper gray 
density, we have always the sam e density  value of D" — 1.70 
(black) for the darkest obliterated  spot. C arrying ou t the tes t 
in the areas beyond th is lim it-density, we would consequently 
find for all pa in ts—-independent- of their special characteristics 
and the film thickness—contrast-obliterating pow'er value which 
is equal to  the difference o f’the density  value of the background 
and 1.70; for the background w ith the density D ' =  0.80, for 
example, we would obtain  in all cases COP =  0.80 — 1.70 =  
-0 .9 0 .
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The contrast-obliterating power values obtained in the m anner 
described are shown graphically in Figure 6. These curves, al
though describing the special case of white cold-water paints, give 
a  true  and very general picture of the significance of the contrast- 
obliterating power. The values are in all cases very small if a 
w hite background is used: the same result obtained w ith experi
m ents described above. On the o ther hand, the calculated 
curves show—also in agreem ent w ith the practical tes ts—th a t 
the contrast-obliterating power values vary  in a pronounced 
m anner if the contrasts refer to  a  black background.

T he dot-dash curve of Figure 6 refers to  the  lim it case, indicat
ing th a t the tes ts  always give the same contrast-obliterating 
power values for spots darker than  the background, for every 
pain t and film thickness, once the limit depth  of the gray back
ground has been passed. In  the special case, these limits are 
according to  Figure 6:

F o r pain t m and thickness 2.9 gram s per square foot
D ' =  0.53 (R 1 =  0.30)

For pa in t a, and thickness 5.8 grams per square foot
D ' =  0.20 (A' = 0.64)

F or pain t c and thickness 2.9 grams per square foot
D ' = 0.36 ( f l ' =  0.44)

F or pain t c and thickness 5.8 grams per square foot
D ' = 0.07 ( S ' =  0.85)

I t  is obvious th a t values obtained on backgrounds which are 
darker than  the indicated limits are of no in terest a t all. Gener

ally, we do no t know th is limit. For this reason, we should as
sume the less favorable case. O ur special curve indicates th a t 
for the determ ination of the obliteration of spots darker th an  the 
background, th is less favorable case corresponds to  a  background 
of density D ' =  0.07 (72' =  0.85) which indicates th a t only a 
white background m ay be tolerated. W ith a darker background, 
we run the risk of obtaining values w ithout any relation to  the 
pain t characteristics. In  every case the te s t m ust be rejected if 
the difference between the density  value of the background and 
the contrast-obliterating power value is equal to the density 
value of the black background.

For the determ ination of contrast-obliterating power, referring 
to  spots lighter th an  the background, Figure 6 indicates th a t the 
values for backgrounds of different reflectance change concord- 
antly . If  these two paints are representative of pain ts in general, 
it would follow th a t the comparison of paints as to  obliteration of 
spots lighter than  the background, on any gray (or black) back
ground, is generally valid for every background. Since Figure 6 
shows th a t the differences of obliteration are more pronounced 
on a  black background than  on a  .gray one, it  is recommended 
th a t the tests be carried ou t on a black and not on a gray back
ground.

All these conclusions, derived from the K ubelka-M unk theory, 
agree w ith the results of practical investigation:

T he contrast-obliterating power te s t should prim arily be car
ried ou t on a black background, thereby obtaining the m ost in
teresting values (which refer to  the obliteration of spots lighter 
than  the background).

In  special cases, the" results on a  w hite background (which refer 
to  the obliteration of spots darker th an  the background) m ay 
also be of interest.

T he te s t on a  gray background brings no advantage; for spots 
lighter than  the background we obtain  results which agree w ith 
those on a black background b u t are less exact, and  for spots 
darker th an  the background, we run the risk of obtaining values 

which arc w ithout any relation to  the pa in t 
characteristics.

• °  R '  S U M M A R Y
0.02

The usual methods for determ ining hid
ing power of pain ts are not entirely satis
factory and a new m ethod is proposed w'hich 
is more closely related to  practical per
formance of the pain t.

The pain t is applied in norm al thickness— 
for example, w ith a B ird film applicator— 
on a te s t chart provided w ith a  gray scale 
on bo th  black and white backgrounds, and 
the contrast of the lightest gray shade, 
syhich under these conditions is obliterated 
on the black background, is considered as a 
standard  of hiding behavior, as well as the 
contrast of th e  darkest gray shade ob
literated  on the white background. This 
method is easy to  carry ou t and independent 
of color and finish. No standard  pain t is 
necessary. The observations m ay  be made 
on fresh or dried paint, w ith  the naked 
eye and w ithout instrum ental aid. The 
results are obtained as. absolute values, 
indicating the (logarithmic) con trast of the 
obliterated spot, which is found as the differ
ence between the densities of the back
ground and this spot on the unpainted 
chart.

I t  is suggested th a t th e  characteristics of 
the pain t determ ined in th is m anner be 
specified as contrast-obliterating power.

T he practical results obtained in the 
determ ination of th e  contrast-obliterating

0 . 0 5  0 . 1

5.8 grams per sq.foot

1 . 5

Black

■4-
1 . 0  0 . 5

Density of Backsround
• I 0.0 - 
White

D'

Figure 6. Contrast-Obliterating Power, Expressed as Contrast AD (or Reflectance 
Ratio Q  between Background and Obliterated Gray Spot

U p p er part ot figure refers to spots lighter than the background ( A D > 0 ;  C  <  1 ) and lower part to spots 
darker than the background ( A D  < 0 ,  C  >  1 ). A b scissas of Intersection points of dot-dash line with curves 

Indicate limit densities of background for obliteration of spots darker than background.
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power are confirmed by a theoretical study  based on the 
Kubelka-M unk theory.
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Nomographic Procedure for a Two-Component 
Colored System

C o p p e r in a N ick e l Plating Bath

ERN EST A .  B R O W N , M cGean Chemical Company, Cleveland, O hio

A  graphical procedure is described for the calibration of a filter- 
type electrophotometer for a mixed-color system by measuring the 
relative absorption at two wave lengths. A  simplified method is 
described for the construction of a nomograph in terms of electro
photometer scale readings. The procedure is applied to the mixed- 
color dithizone method for copper in a nickel plating bath.

M ANY reactions giving colored products suitable for colori
m etric analysis involve the trea tm en t of two-com ponent 

colored systems. T he mixed color in some cases m ay  consist of 
the excess colored reagent and the colored product. In  other 
cases a  foreign substance m ay be present which gives a  colored 
product w ith the  reagent. In  the calibration of an  electro- 
photom eter w ith such a  mixed-color system  two general proce
dures have been followed; th e  transm ittancy  m ay be m easured 
a t  one wave length in  the vicinity  of the maxim um  absorption of 
one of the colored components, or a t  two different wave lengths 
w ith the developm ent of some relationship in  th e  form of simul
taneous equations or nom ograph for the calculation. T he object 
of this paper is to study  the nomographic calculation procedure 
and  a ttem p t to  simplify the calibration of a  filter-type electro- 
photom eter for the  two-color system.

The adap ta tion  of a monocolor m ethod to  a  two-com ponent 
colpr system  offers a num ber of p ractical difficulties. Because of 
the broad absorption bands characteristic of m ost colored prod
ucts, the two com ponents invariably  overlap, which m akes i t  
necessary to  carry  ou t difficult separations or to  select less sensi
tive regions of the spectrum  for the photom etric measurem ents. 
I f  the absorption of th e  colored reagent occurs a t  the wave length 
selected, any varia tion  in the concentration of the reagent will 
cause serious errors in  the results. U nstable organic reagents 
which are subject to  fading or oxidation are especially trouble
some. S tandardization  of each lo t of reagent is th e  usual pro
cedure w ith th is type  of calibration.

T he mixed-color dithizone m ethod for copper (8) illustrates 
some of the difficulties encountered w ith this calibration m ethod. 
Copper reacts w ith  dithizone in  dilute m ineral acid solutions (0.1 
N )  to  form the red-violet keto  complex. T he transm ittancy  of 
the mixed color m ay be m easured a t  500 to  550 m^, the region of 
the maximum absorption of the copper dithizonate, or a t  600 to

650 m;u, the region of m aximum absorption of the dithizone (8). 
T he d ilu te dithizone solutions custom arily used (0.001 to  0.0012% 
by w eight volume) are no t very  stable and tend  to  change on 
standing through evaporation or oxidation unless special pre
cautions are taken. Since dithizone absorbs in  th e  vicinity of 
650 m y  and to  a lesser ex ten t a t  525 my, variations in  the con
centration  of the reagent are im portan t. T his makes i t  necessary 
to  standardize each lo t of reagent and m ake frequent checks 
•against standards if the reagent is k ep t for an  appreciable tim e. 
T he monocolor m ethod in  which th e  excess dithizone is rem oved 
w ith  am m onium  by hydroxide (1, 8) or pyrophosphate (7) has 
been used w ith  this system . T he difficulties encountered in the 
rem oval of the excess dithizone w ith am m onia are shown by 
M ehurin (7) and Sandell (8). T he developm ent of a  calibration 
relationship in  which the final resu lts are independent of the 
in itia l dithizone concentration would simplify and increase th e  
accuracy of the m ethod.

A more perm anent calibration relationship m ay  be m ade by 
m easuring the relative absorption of light in different spectral 
regions. T his technique was applied by Kozelka and  K luchesky
(6) to  the determ ination  of lead by the dithizone mixed-color 
m ethod.

I f  Beer’s law is obeyed, light of a given wave length from color 
filter A passing through a solution containing two colored com
ponents should be expressed by the relationship

L A = K ^ C i +  K iACi (1)
where L A represents th e  log transm ittancy  w ith filter A, and 
Ci and C2 represent the concentration of the two colored com
ponents such as, for example, dithizone and  m etal dithizonate. 
T he constants K jA and K%A depend on the characteristics of color 
filter A, the cell thickness, and the color of components Ci and C2. 
Similarly for filter B

L B =  Xi*C, +  KsBCs (2)

In  practice only one of the concentrations of the two colored 
components is desired. T he o ther colored component, usually 
th e  reagent, m ay  vary  som ewhat owing to  the difficulties in  pre
paring exact concentrations of intensely colored m aterials but, 
in general, m ay be held w ithin reasonable concentration limits 
governed by the method. If  we let Ci represent the concentra
tion of the colored component to  be measured, i t  follows by com-

5 L A i>LBbining E quations 1 and 2 th a t and are constants. T his
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m ay be shown graphically by p lotting log transm ittancy  L A 
obtained w ith filter A against L B obtained w ith filter B on linear 
graph paper as shown in Figure 1. A stra igh t line is formed for 
a series of standards containing th e  same concentration of C2 and 
variable am ounts of Ci. Such a stra igh t line will establish a 
relationship representing all th e  possible log transm ittancy 
values of L A and L B for any given concentration of C2 and vari
able concentrations of Ci. T he C\ concentration lim its m ay be 
conveniently varied to  give a suitable range for the photom etric 
measurements.

A nomograph m ay be prepared from the L A — L B — C2 rela
tionship as shown in Figure 1. B y selecting a fixed value for L A, 
the  L B values’m ay be obtained from th e  graph for each known 
concentration of C2. A series of lines m ay be drawn in this m an
ner, giving a nom ograph similar to  the one given in Figure 2. 
Interpolation m ay be used for the values of L A w ithin 1 or 2 scale 
division steps used in preparing the chart.

Kozelka and  Kluchesky (6‘) obtained this relationship by  add
ing m easured volum es of dithizone solution to  the standard  lead 
dithizonate. C onstants K  are calculated from the electrophoto- 
m etric values of L A. Owing to  the change in  concentration of 
the m etal complex brought about by  th e  change in  volum e of the ' 
organic solvent, T ay lo r’s expansion m ust be employed to  correct 
the values for the change in C2. T his procedure is som ewhat 
com plicated and assumes no change in  the  log transm ittancy  
of th e  m etal d ithizonate a t  660 mu, which m ay n o t always be 
true. A simple procedure which elim inates th is difficulty would 
be to  hold the volum e of the organic solvent layer constant and 
obtain variations in  the dithizone concentration by dilution w ith 
carbon tetrachloride. A stronger dithizone solution m ay be used 
and  th e  sum  of the volum e of dithizone solution plus the solvent 
used for d ilution m ay be held a t  a  fixed value, such as, for ex
ample, 10 ml. F our or five separate standards prepared in this 
m anner should suffice to  establish a well-defined stra igh t line for 
th e  L A — L B relationship for each increm ent of copper. A series 
of lines is shown in Figure 1. Such a  series of lines represents 
all th e  possible combinations of L A and L B in  the m ost useful 
range of dithizone-copper dithizonate concentrations. From 
th is relationship obtained w ith the two color filters a  nomograph 
m ay be prepared for any particu lar value of L B, as in Figure 2.

A nother possible simplification is the establishm ent of the 
relationship given in E quations 1 and 2 in term s of electropho
tom eter scale ra th er th an  log transm ittancy  values. T his simpli
fies the calculation and the use of the nomograph given in Figure
2. The log scale on the Fisher electrophotom eter has been de
scribed (8).

Copper is one of the im purities frequently encountered in  a  
nickel p lating  bath . Copper is especially objectionable in bright 
nickel plating, since darkening of the deposit m ay  occur a t  low 
curren t density areas. Accordingly, some rapid m ethod for the 
estim ation of sm all am ounts of copper would be useful in  the 
control of the p lating  operations. T he mixed-color dithizone 
m ethod w ith the extraction of the copper as copper dithizonate 
from 0.1 N  hydrochloric acid solution has been used by K napp 
(5) for this purpose. N ickel does no t form a  colored complex 
a t  a  pH  of 1.3 to  2.3 and sm all am ounts of copper from 0.001 to  
0.05 gram  per lite r m ay be separated  from th e  nickel ■without in ter
ference. T his separation elim inates th e  well-known sulfide sepa
ra tion  which has been shown to  offer a  num ber of difficulties (4).

M A T E R IA L S  A N D  R E A G E N T S

E i.k c t r o p h o t o m e t e r . The AC Model Fisher electrophotom
eter equipped w ith 5-mm. test-tube type cells, 525 and 650 mji 
color filters, was used.

H y d r o c h l o r ic  A c i d , approxim ately 0.1 N . D ilute 8.9 ml. 
of reagent grade acid, specific gravity  1.1S, to  1000 ml. w ith re
distilled water.

C a r b o n  T e t r a c h l o r i d e . ’ B est grade, analytical reagent 
quality  free from im purities th a t  inh ib it the reaction between the 
dithizone and copper should be used. Check each lo t for ex- 
tractab ility  by noting th e  shaking tim e required to  develop the 
m aximum color. M allinckrodt’s analytical reagent grade was 
found satisfactory w ithout distillation.
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Figure 1. Photometric Relationship at 525 and 650 m/r

D i t h i z o n e  S o l u t i o n . F or the calibration dissolve 12 mg. 
of diplienylthiocarbazone in 1 liter of carbon tetrachloride. For 
the m ethod dissolve 1 to 1.2 mg. in each 100 ml. of carbon te tra 
chloride. Store a t  5 ° C. and prepare fresh each week. D ithizone 
m ay be obtained commercially in a high s ta te  of purity  or re- 
crystallizcd if necessary.

C o p p e r  S t a n d a r d . Dissolve 0.1000 gram of electrolytic copper 
foil in dilute n itric  acid and dilute to  1000 ml. P ipet 10 ml. in to  a 
1000-ml. volum etric flask, add 8.9 ml. of hydrochloric acid, and 
dilute to  1000 ml.

P R O C E D U R E  A N D  A P P L IC A T IO N

C a l i b r a t i o n . Prepare a  series of four or five standards con
tain ing  the  same copper concentration by taking a measured 
volume of copper standard  in  125-ml. separatory  funnels and 
sufficient 0.1 N  hydrochloric acid to  m ake the volume 25 ml. 
Add 10 ml. of dithizone solution to  one separatory funnel, 9 ml. 
of dithizone plus 1 ml. of carbon tetrachloride to  the second, 8 
ml. of dithizone plus 2 ml. of carbon tetrachloride to  the third, 
and  so forth . Shake vigorously for 3 m inutes. If  a  purple color 
is developed shake for 2 additional m inutes. F ilte r th e  chloroform 
layer- in to  th e  absorption cells through a sm all pledget of cotton 
to  remove droplets of the aqueous layer. M easure the A scale 
or log scale, reading the electrophotom eter w ith th e  525 and 650 
mu color filters, using an absorption cell filled w ith carbon te tra 
chloride a t 0 scale as a  reference standard .

R epeat th is procedure for each increm ent of copper. Five 
different copper concentrations should suffice for the construc
tion  of th e  nomograph. P lo t the 525 mji electrophotom eter 
readings as ordinate against th e  650 m m readings as abscissa on 
linear graph paper- A series of stra igh t lines should be formed, as 
in Figure 1.

P repare a nom ograph by obtaining from Figure 1 th e  electro- 
photom eter values for the 525 m/i photom eter reading for a 
given 650 m/i value. P lo t the values for 0, 2, 4, 6, and 8 micro
grams of copper for each 2 divisions on the 650 m u  values.

T o use th e  nomograph select th e  particu lar line corresponding 
to the 650 m m photom eter value and  determ ine the intersection 
of th is line w ith the 525 mji value. Read the copper concentra
tion from th e  abscissa axis. F or example, a  photom eter reading
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of 36 a t  650 mp and 60 a t 525 mp would indicate a copper con
centration  of 6 micrograms.

M e t h o d . Pipet a  10-ml. sample of a nickel plating solution 
into a  100-ml. volum etric flask, and dilute to  the m ark w ith 
0.1 N  hydrochloric acid. P ipet a suitable aliquot from 1 to  10 ml. 
into a  125-ml. pear-shaped separatory  funnel. A djust th e  volume 
to  25 ml. w ith 0.1 N  hydrochloric acid. Add exactly 10 ml. of 
dithizone solution and shake vigorously for 3 to  5 minutes. 
Allow the layers to  separate and filter the colored carbon te tra 
chloride layer through a.small pledget of cotton into a  photom eter 
cell. M easure the transm ittancy against the carbon tetrachlo
ride as a  reference w ith th e  525 and 650 rhp color filters, respec
tively. Refer to  the nomograph for th e  copper concentration.

R e s u l t s . Known am ounts of copper were added to  a sample 
of a W atts type nickel plating solution containing 240 grams per 
liter of nickel sulfate hexahydrate, 60 grams per liter of nickel 
chloride hexahydrate, and  45 gram s per liter of boric acid w ith 
a  pH  of 3.0. Traces of copper found in the salts were removed 
by extraction a t  pH  2 w ith 0.01%  (weight volume) dithizone solu
tion in carbon tetrachloride followed by washing w ith pure car- 
bontetrachloride. The copper was then determ ined on a su it
able aliquot by the mixed color procedure given in the method. 
The results obtained are given in Table I.

DISCUSSION

T he advantages in the establishm ent of a  relationship given in 
th e  nom ograph for a  relatively  wide range of dithizone concen
tra tion  are  readily apparent. T he dithizone carbon tetrachloride 
solution m ay be prepared in sm all quan tities as needed, w ith 
th e  approxim ate concentrations governed by  th e  calibration. In  
this m anner th e  difficulties due to  the oxidation of the reagent 
or evaporation of the solvent in  storage are avoided. Checking 
th e  calibration curve a t  frequent in tervals is m ade unnecessary. 
The errors due to the oxidation of the dithizone to a  colorless keto 
form are minimized by using freshly prepared solutions. L ittle  
change due to  oxidation of the reagent was observed over a I- 
wcek period.
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Figure 2. Nomograph for the Dithizone-Copper Dithizonate 
System

Table I. Recovery of Copper Added  to a Nickel Plating Solution
Sam ple Size C opper Added C opper Found Difference

M l. y G ./l. G ./l. G ./L
1 0 .0 0 .0000 0.0001 +  0 .0001

0 .0 0 .0000 0.0002 +  0 .0002
0 .8 0 .0008 0.0010 +  0 .0002
1 .8 0 .0018 0.0019 +  0.0001
2 .4 0.0024 0 .0026 +  0 .0002
8 .4 0 .0064 0.0064 *  0 .0000
7 .4 0.0074 0.0076 +  0 .0002
8 .0 0 .0080 0.0079 - 0 .0 0 0 1

0 .1 0 .4 0 .004 0 .0 0 5 +  0.001
1.6 0 .016 0.016 * 0 .0 0 0
2 .4 0 .024 0 .022 - 0 .0 0 2
3 .2 0 .032 0.033 +  0.001
4 .4 0 .044 0.043 - 0 .0 0 1
5 .6 O'. 050 0.054 - 0 .0 0 2

C are should be exercised in  keeping the / / '  — L B values w ithin 
the lim its of the experim ental values given in Figure 1, because 
of possible deviations from B eer’s law with greater differences in 
concentrations. T his m ay be conveniently done by the use of 
do tted  lines in the nom ograph to  cover values outside the lim its 
of the experim ental data . A rough check m ade by m easuring 
the transm ittancy  of the original dithizone solution w ith the two 
filters, and  referring to  the nomograph will aid  in governing the 
proper concentrations.

Bcndix and  G rabcnstetter (I ) found a  shaking period of 10 
m inutes necessary in  order to  obtain an  equilibrium  between th e

• copper in the acid aqueous solution and  th e  copper d ithizonate 
in  th e  carbon tetrachloride solution. An exam ination of several 
lots of reagent grade carbon tetrachloride showed some variation 
in  the ex tractab ility  of the copper dithizonate. F our ou t of five 
lots examined gave a m axim um  color developm ent w ith 3 to  5 
m inutes’ shaking. One lo t required 7 m inutes to  establish an 
equilibrium . .Sandell (8) suggests th e  presence of traces of im
purities, probably sulfur compounds, which tend  to  inh ib it the 
reaction betw een copper and  dithizone in acid solution. Since 
serious errors m ay be caused through failure to  develop th e  
equilibrium  condition w ith an insufficient shaking period, each 
lot of carbon tetrachloride m ust be examined for ex tractability  
by  noting the tim e required to  develop a m aximum color. No 
difficulty was experienced in  obtaining carbon tetrachloride 
which developed a  maximum color w ithin 3 to 5 m inutes’ shaking. 
T he addition of a small am ount of a w etting  agent such as 2 drops 
of a  1 %  aqueous solution of aerosol OT (a product of the American 
C yanam id Company) tends to  improve the extractab ility  w ith
ou t disturbing the equilibrium  value.

N ickel in concentrations up to 78 mg. does n o t seriously in ter
fere w ith the estim ation of copper w ithout a  prelim inary separa
tion. T he results in  T able I show the interference to  be less 
th an  0.2 microgram. In terfering  m etals th a t  form colored d ithi- 
zonates from dilute acid solutions, such as mercury, palladium , 
gold, and silver, are no t likely to be present in a nickel plating 
bath ; however, interference m ay be expected if they are  present.

T he calibration procedure described could be adap ted  to  other 
mixed-color procedures. T he well-known dithizone m ethods for 
the heavy m etals are merely examples of the general nomographic 
calibration method. T he procedure is by  necessity lim ited to  a 
t wo-component colored system.
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Differential Reduction of Iron and Tin
A . C. S IM O N 1, P A T R IC IA  S. M IL L E R 2, J. C . E D W A R D S , a n d  F. B. C L A R D y  

Chemical Laboratory, Norfolk Naval Shipyard, Portsmouth, Va.

A  method is described for the titrimetric determination of iron and 
tin on the same weighed sample of material. The method is suitable 
for bronze and other copper alloys containing less than 1 %  anti
mony. After separation from copper, the iron is reduced in an 
inert atmosphere with metallic nickel in cold dilute hydrochloric

T H E  method described herein was developed to overcome the 
usual difficulties encountered in the determ ination of iron in 

bronze and sim ilar alloys containing tin. In  the n itric  acid sepa
ra tion  of tin  as m etastannic acid, considerable iron is brought 
down in the precipitate. For th is reason, the often described 
procedure of separating iron as the hydroxide, a fter prior removal 
of tin , lead, and  copper in  n itric acid solution, will lead to  low re
sults in th e  determ ination of iron. T his error is often  neglected 
in  routine analysis, on the assum ption th a t  i t  is .small. I t  has 
been found in this laboratory  th a t  as m uch as one half of the to tal 
iron present m ay  be held in th e  tin  precip itate—i.e., in a sample 
containing 0.0056 gram  of iron and  approxim ately 0.075 gram of 
tin , 0.0023 gram  of iron was found in the m etastannic acid pre
cipitate, a fter careful washing.

Of the available m ethods for recovery of this iron from the tin  
precipitate, the use of ho t am m onium  sulfide is perhaps th e  m ost 
satisfactory. A procedure involving ignition of the  m etastannic 
acid, volatilization of the tin  by the use of am m onium  iodide as 
in the m ethod of Caley and Burford ( / ) ,  and recovery of iron 
from the residue has also been used w ith success. B oth methods 
are time-consuming and  unpleasant to use. In  the presence of 
precipitated tin , efforts to  determ ine th e  iron by titra tio n  w ith 
potassium  dichrom ate, using a modified K nop’s (#) procedure, 
were only partially  successful.

I t  is custom ary, in th is laboratory, to  determ ine tin  by the 
m ethod of McDow, Furbee, and C lardy (3). The tin  is collected 
by precipitation as hydroxide in am m oniacal solution, using 
alum inum  hydroxide as a  collector to  ensure complete precip ita
tion of the tin. Iron  is also completely precipitated a t  th is point 
and i t  was desirable to  use this sample for the determ ination of 
both iron and tin.

Since tin  was subsequently to be determ ined, the reduction of 
which necessitated a  fairly concentrated solution, i t  was desir
able th a t th e  iron be reduced by a  m ethod th a t  would cause no 
loss of tin  and  would no t increase th e  volume m aterially, and 
where the reagent used would be w ithout effect on the titra tion  
of iron and tin  or be easily removable.

I t  was found th a t nickel in  cold dilute hydrochloric acid solu
tion would effectively reduce iron w ithout causing appreciable 
reduction of tin . Since th is sam e reagent in  ho t concentrated 
acid is effective for the reduction of tin  and  i t  m eets the require
m ents outlined above, i t  appeared th a t nickel could be m ade the 
basis for a  m ethod for th e  determ ination of both  tin  and  iron. 
T his assum ption has been verified by subsequent investigation.

R E A G E N T S  R E Q U IR E D

A l u m i n u m  N i t r a t e . Dissolve 10 gram s of alum inum  nitrate, 
c.p. reagent, in 100 ml. of water.

P o t a s s iu m  D i c h r o m a t e . Stock Solution. Dissolve 87.81 
gram s of C.P. potassium  dichrom ate, K 2Cr20j, in w ater and dilute 
to  1000 ml.

S tandard  Solution. D ilute 10 ml. -of th e  stock solution of 
potassium  dichrom ate to  1000 ml. w ith w ater. Standardize

1 P resen t address, R ou te  1, Box H-81, Leesburg, Va.
* P resen t address, 595 E lizabeth  Ave., N ew ark, N . J .

acid and titrated with potassium dichromate solution. Following 
this, the tin is reduced with metallic nickel in the hot, concentrated 
acid, cooled under an inert atmosphere, and titrated with iodine 
solution. The method requires 1.5 hours for a determination and is 
suitable for routine analysis.

against c .p . iron. One milliliter of th e  potassium  dichrom ate 
solution is approxim ately equivalent to  0.001 gram of iron.

M e r c u r ic  C h l o r i d e . A satu ra ted  solution of mercuric chlo
ride in w ater.

S o d iu m  D i p h e n y l a m i n e  S u l f o n a t e . This indicator is pre
pared by  th e  m ethod of W illard and Y oung (4). Dissolve 3.2 
grams of c .p . barium  diphenylam ine sulfonate in  1000 ml. of 
water, add an excess of sodium sulfate, and filter.

N i c k e l , c . p . nickel shot, less than  6 mm. in diam eter.
S t a n d a r d  I o d i n e  S o l u t i o n . Dissolve approxim ately 11 

gram s of iodine and 20 grams of potassium  iodide in 100 ml. of 
w ater and dilute to  1000 ml. S tandardize against pure tin, using 
the m ethod of reduction described in the text.

S t a r c h  S o l u t i o n . Prepare a  th in  paste  consisting of 5 gram s 
of soluble starch, 10 gram s of sodium bicarbonate, and water. 
Pour the paste into 300 ml. of boiling w ater, and boil for a m inute 
or two, w ith stirring. Cool the solution and dilute to  1000 ml.

P h o s p h o r i c -S u l f u r i c  A c id  R e a g e n t . Mix carefully 800 ml. 
of w ater, 100 ml. o f sulfuric (sp. gr. 1.84), and 100 ml. of phos
phoric (sp. gr. 1.69) acids.

M E T H O D

Weigh a  quan tity  of sample, preferably containing no t more 
th an  0.10 gram  of tin  and no t m ore th an  0.05 gram  of iron, into a 
300-ml. Erlenm cyer flask. D isregarding the form ation of 
m etastannic acid, add sufficient dilute n itric  acid (1 to  1) to  dis
solve the metal. Boil to  expel oxides of nitrogen, dilute w ith 
w ater to  approxim ately 100 ml., and add 3 to  5 ml. of alum inum 
n itra te  solution. Cautiously add amm onium hydroxide until 
the  blue copper complex forms, then  add 10 ml. in excess. Boil 
gently to  coagulate th e  mixed precip itate of iron, alum inum , and 
tin  hydroxides. F ilte r and  retain  the precipitate on W hatm an 
No. 42 or equivalent filter paper, washing four or five tim es w ith 
2%  amm onium hydroxide to  rem ove the copper salts.

R etu rn  th e  filter paper and precipitate to  the original flask. 
Add 10 ml. of perchloric acid (sp. gr. 1.67) and 5 ml. of nitric  acid 
(sp. gr. 1.42) and heat gently to  destroy th e  filter paper. (To 
avoid danger of explosion, nitric acid should be added dropwise 
if solution tu rn s dark  or black.) D ilu te to  100 ml., reprecipitate 
w ith excess ammonia, filter, and wash precipitate thoroughly. 
D estroy paper as before bu t add 10 ml. of sulfuric acid (sp. gr. 
1.84).

W hen the organic m a tte r  is destroyed, evaporate solution over 
an  open flame to  th e  appearance of su lfur trioxide fumes. Allow 
to cool.

Table 1. Effect of Temperature on Reduction of Tin
Tin Tim e T in

P resen t T em pera tu re Shaken R educed
Gram 0 C. M in . %
0.06 6 15 20
0.06 12 15 25
0.06 17 15 30
0 .0 6 23 15 00

Table II. Effect of Tin Concentration on Reduction of Tin
T in Tim e T in

’ P resen t T em pera tu re Shaken Reduced
Gram ° C. M in . %
0 .1 0 6 15

/0 
75

0.0G 6 15 20
0 .02 G 15 T race
0.01 6 15 •Trace

496



August, 1946 A N A L Y T I C A L  E D I T I O N 497

Table III. Analyses of A llo y s  of High Percentage Tin
(D eterm ination  of blank)

B ureau  of 
S tandards 

Sam ple No.
No. of 

Analyses P resen t
%  Iron  
Found Difference

124a (4 .8 2 %  tin) 6 0 .004 0.027 0.023
52b (8 .0 0 %  tin) 6 0 .032 0.057 0.025
52 (7 .8 9 %  tin) . 3 0 .12 0 .14 0 .02
63 (9 .91%  tin) 
63a (9 .7 6 %  tin )

3 0 .2 8 0 .3 0 0 .0 2
3 0 .52 0 .55 0 .03

Syn the tic  S tandards
A (124a +  0.05%  iron) 1 0.054 0.073 0.019
B (124a +  0.10%  iron) 1 0.104 0.127 0.023
C (52b - f  0 .05%  iron) 3 0.082 0.105 0.023
D (52b 4- 0 .10%  iron) 3 0.132 0.157 0.025
E  (5.00%  tin) 2 0 .1 0 0 .1 2 0 .02
F  (5.00%  tin ) 2 0 .5 0 0.51 0.01
G (5.00%  tin) 3 1 .00 1.01 0.01
A verage difference (36 sam ples), 0 .02% .

D E T E R M IN A T IO N  O F  IR O N

C autiously dilute contents of flask w ith w ater to  a volume of 
150 ml., add 15 ml. of concentrated hydrochloric acid, and boil 
until solution is clear. Rem ove to  w ater 
bath . Add solid carbon dioxide. Cool
below 20° 'C . in  ice bath , add approxi- -------------------------
m ately 30 gram s of small nickel shot, 
close flask w ith rubber stopper as last 
lum ps of carbon dioxide disappear, and 
shake vigorously on a  m echanical shaker 
for 15 m inutes. Chill again in ice bath  
and decant th e  solution into a 500-ml. 
vial-m outh extraction  flask. W ash the 
nickel sho t twice by decantation  w ith 
sm all portions of cold w ater. Reserve 
th e  nickel sho t for th e  tin  determ ination.

To the reduced iron solution add 10 
ml. of mercuric chloride solution, 3 drops 
of sodium diphenylam ine sulfonate as 
indicator, and 20 ml. of th e  sulfuric- 
phosphoric acid reagent. T itra te  the 
solution w ith standardized potassium  
dichrom ate to the appearance of a purple 
end point which persists. In  high tin  
alloys a blank correction of 0.02%  m ust 
be subtracted.

R etu rn  th e  reserved nickel shot to  
the solution, add 60 ml. of hydrochloric 
acid, and proceed w ith the tin  determ i
nation.

D E T E R M IN A T IO N  O F  T IN

T he m ethod used for the determ ination
of tin  was substantially  as described by --------
McDow, Furbee, and Clardy (S).

T he appara tu s was modified to  m ake use of a 500-ml. vial- 
m outh extraction flask and consisted of a heating  element, the 
extraction flask, a one-hole N o. 10 rubber stopper, and a  glass 
tube suitably  b en t so th a t  i t  extended from  th e  flask to  a beaker 
containing w ater or th e  sodium bicarbonate solution.

T he 500-ml. extraction flask, containing th e  tin  solution, nickel 
shot, and hydrochloric acid, is closed w ith  the rubber stopper and 
the  exhaust tube is placed in a beaker of w ater. T he solution in 
th e  flask is b rought rapidly  to  boiling and th e  reaction allowed to  
proceed for 0.5 hour a t  low heat. T he glass tu b e  is then  placed 
in  a  beaker containing 10% sodium bicarbonate solution, th e  flask 
is rem oved from th e  heater, and the  contents are cooled below 
20° C. in  an ice bath . T he stopper is rem oved and a  sm all piece 
of d ry  ice rapidly  added.

T he solution of stannous tin  is titra ted  w ith standardized io
dine solution, under an  atm osphere of carbon dioxide, to  a per
m anent dark  blue color change, using 5 ml. of starch  solution as 
indicator.

containing a large am ount of tin  this reduction should be m ini
mized by cooling, so th a t  the am ount of mercuric chloride will 
be am ple to  affect its  purpose.

Table I I  shows the per cent of tin  reduced in an inert atm os
phere by shaking w ith nickel shot. As the concentration of tin 
increases, the percentage reduction becomes greater.

T able I I I  establishes a correction factor when high-perccntage 
tin  alloys are encountered. T his b lank of 0.02%  is presum ably 
due to  the increased am ount of m ercurous chloride because of the 
reaction of the larger am ount of stannous salts w ith mercuric 
chloride.

Table IV  establishes th e  accuracy of the m ethod in simple 
bronzes and  brasses, manganese bronze, phosphor bronze, and 
samples containing up to  1%  antim ony. (Pure samples of an ti
mony, 0.01, 0.05, and  0.10 gram , which were trea ted  according 
to the prescribed procedure, required 0.1, 0.4, and 1.3 ml. of the 
titra tin g  solution, respectively.) O ut of fifty-five analyses the 
m aximum deviation was less than  ± 0 .02%  on samples contain
ing as much as 1 %  iron.

Table IV . Determination of Iron and Tin
________% Iron________ % Tin

B ureau of S tandards  Sam ple

No.
of

D etns.

M ax.
devia
tion

Pres
en t Found

No.
of

D etns.

M ax.
dev ia
tion

Pres
en t Found

Sheet brass No. 37 3 0 .0 0 0 .2 9 0 .2 9 4 0 .0 2 1.01 1 .00
Sheet brass No. 37b 4 0 .01 0 .21 0.21 3 0 .01 0 .9 9 1 .00
M anganese bronze No. 62 3 0.01 1 .13 1.13 4 0.01 0 .82 0.81
M anganese bronze No. 62a 3 0.01 1.04 1 .04 4 0.01 0 .84 0.83
M anganese bronze No. 62b 4 0 .0 2 0 .8 2 0 .82 4 0 .0 0 0 .97 0 .97

C as t b ronze No. 52 (0.16%  S b)a 3
Effect of A ntim ony 
0 .0 0  0 .1 2  0 .12 2 0 .0 3 7 .9 0 7 .8 9

Phosphor bronze No. 63 (0.55%
Sb)° 3 0.01 0 .2 7 0 .2 8 3 0 .0 2 9.91 9.91

Phosphor bronze No. 63a
(0.49%  Sb)° 3 0.01 0 .5 2 0 .5 3 2 0 .0 4 9 .7 6 9 .74

S yn the tic  Samples
Sam ple A (0.20%  Sb) 2 0 .0 2 0 .5 0 0 .49 ,
Sam ple B (0.50%  Sb) 2 0.01 0 .5 0 0 .5 0
Sam ple C (1.00%  Sb) 2 0.01 0 .5 0 0 .5 0

Sam ple D  (0.00%  Sn) 2
E ffect of T in 

0 .01  0 .1 0 0.11
Sam ple E  (0.00%  Sn) 2 * 0 .0 2 0 .5 0 0 .4 9
Sam ple F  (0.00%  Sn) 4 0 .02 1.00 0 .9 9
Sam ple G (1.00%  Sn) 2 0 .01 0 .1 0 0.11
Sam ple H  (1.00%  Sn) 2 0.01 0 .5 0 0.51
Sam ple I  (1.00%  Sn) 4 0 .01 1 .00 1.00
Sam ple J  (5.00%  Sn)° 2 0 .0 2 0 .1 0 0 .1 0
Sam ple K  (5.00%  Sn)° 2 0.01 0 .5 0 0.49
Sam ple L (5.00%  Sn)° 3 0 .02 1 .00 0 .99

° See T ab le  I I I .

P R E C A U T IO N S

T he final fuming of the salts to  sulfuric acid fumes is essential. 
D iscordant results are obtained if this is no t accomplished.

An inert atm osphere is necessary for complete reduction, bu t 
caution is advised in  stoppering the flask before all the lum p car
bon dioxide is evolved.

T he nickel shot should be cleaned by boiling for a  few m inutes 
in hydrochloric acid. I t  will brighten on repeated use, probably 
because of am algam ation w ith the m ercury in the mercuric 
chloride.

The complete reduction of the iron depends upon vigorous 
mechanical shaking because of the sm all surface presented by the 
nickel shot. W ith  samples containing a  high percentage of tin, 
the tim e required for shaking can be reduced if desired.

D IS C U S S IO N

T able I shows the effect of tem perature on th e  reduction of 
tin . W ith  increasing tem perature, increasing am ounts of tin  are 
reduced. T he reduction of a  sm all am ount of tin  is desirable, 
as it  is evidence th a t all the iron is in the ferrous sta te . In  alloys
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Detection of Elemental Sulfur in Gasoline 
by the Sommer Test

G E O . E. M A P S T O N E , National O il Pty., Ltd., G len  Davis, New South Wales, Australia

The sensitivity of various tests for the detection of elemental sulfur 
in gasoline has been determined; and a modification of the Sommer 
test is described which is about five times as sensitive as the custo
mary inverted doctor test using butyl mercaptan.

S O M M ER  ( /)  describes a color te s t for free sulfur in pyridine 
solution, in which the addition of a  sm all am ount of an alka

line solution precipitates the sulfur as a  blue colloidal solution. 
A positive reaction was obtained w ith  as little  as 2 parts  per 
million of free sulfur; b u t hydrocarbons were observed to  de
crease the  sensitivity  of th e  test. In  the  presence of pyridine, 
doctor solution gave a visible reaction w ith 10 micrograms of free 
sulfur per cubic centim eter (10 p.p.m . on w /v  basis).

Somm er’s te s t was applied to  th e  detection of free sulfur in 
gasoline by mixing th e  sam ple w ith pyridine and adding caustic 
soda solution. In  the test, three phases were form ed: an upper 
gasoline phase, a  middle pyridine phase, and a  lower aqueous 
phase. The color appeared in th e  middle pyridine phase, occa
sionally in th e  lower aqueous phase, b u t never in  th e  upper 
gasoline phase. A prelim inary survey showed th a t  th is te s t was 
a t least as sensitive as th e  inverse doctor tes t, using bu ty l m er
captan solution. T his is custom arily used in  p lan t testing  bu t 
has, a t times, appeared to  be insufficiently sensitive.

T he alternative m ercury te s t is generally considered too 
sensitive for p lan t control.

T he conditions for the maximum sensitivity  of the  Sommer 
tes t were determ ined, and th e  sensitiv ity  of th e  various tests was 
compared.

E X P E R IM E N T A L

R e a g e n t s  U s e d . Gasoline. F or the purposes of this investi
gation, except as noted below, commercial iso-octane of specific 
gravity  0.691, freed of possible traces of sulfur and  filtered before 
use, was used as gasoline and is referred to as such. T he commer
cial iso-octane, as received, was shaken w ith m ercury to  remove pos
sible traces of free sulfur and filtered before use. Only a  negligible 
am ount of mercuric sulfide was formed.

S tandard  Sulfur Solution, prepared by dissolving flowers of 
sulfur in  1 cc. of ho t pyridine and allowing the solvent to  evapo
rate  alm ost to  dryness before adding sufficient gasoline to give 
a solution containing 0.01%  of sulfur by weight. O ther concen
trations were obtained by diluting the original standard  w ith 
gasoline.

Pyridine. A w ater-white, commercial grade of pyridine con
taining approxim ately 5%  of alpha-picoline was used un trea ted  
as i t  was not discolored on shaking w ith mercury.

B utyl M ercaptan  Solution, 1 cc. of n -bu ty l m ercaptan  dis
solved in  1400 cc. of gasoline, thoroughly shaken w ith  mercury, 
and  filtered before use. T his trea tm en t satisfactorily removed 
any  free sulfur present, and did not affect th e  m ercap tan  content 
of the solution.

D octor Solution, 10% caustic soda solution shaken w ith excess 
litharge for a quarter of an  hour, allowed to  settle , and th e  clear 
supernatan t liquor decanted for use.

Caustic Soda Solution, 2 N .
Sodium B icarbonate Solution, cold saturated .
S o m m e r  T e s t . T he necessary conditions for the  te s t to  give 

maximum sensitivity  were obtained as follows:
Alkalin^ Solution. Sommer us'ed 2 N  caustic soda and sa tu 

ra ted  sodium bicarbonate solutions and  obtained greater sensi
tiv ity  w ith  the la tte r . However, in the presence of gasoline, the 
caustic soda solution was found to  give several tim es th e  sensi
tiv ity  of th e  sodium bicarbonate solution, which also required 
boiling to  develop the  color. T he caustic soda solution was there.- 
forc used.

Order of Mixing. T he addition  of the  caustic soda solution to  
the pyridine-gasoline m ixture gave a  color several tim es as in

tense as th a t  produced by the addition of the pyridine to th e  
gasoline-caustic soda mixture.

Pyridine-Gasoline R atio. Various volumes of a  0.001%  
(w/w) solution of free sulfur in gasoline were added to  5 cc. of 
pyridine and  1 cc. of 2 N  caustic soda solution was added and  
shaken. The results w ere:

Test positive 
Test strongly positive 
Test maximum color

2 to 20 cc. of gasoline
3 to 15 cc. of gasoline 
7 to 9 cc. of gasoline

Pyridi nc-C austic Soda R atio. D ifferent volumes of 2 Ar caustic 
soda solution were added to  a m ixture of 3 cc. of pyridine and 
5 cc. of 0.001%  (w/w) solution of sulfur in  gasoline. T h e ‘tes t 
was definitely positive w ith  up to  1.6 cc. and  questionable w ith  
2.0 cc. of caustic soda solution. T he maximum color was ob
tained w ith 0.3 cc., though there was very little  difference between 
the colors produced w ith 0.3 to 0.6 cc. T he maximum was ob
tained w ith the same pyridinc-caustic soda ratio  (10 to  1) as 
used by Sommer.

N atu re  of Gasoline. The conditions of the tes t (5 cc. of 
gasoline, 3 cc. of pyridine, and 0.5 cc. of 2 N  caustic soda solution) 
and the sensitivity  were unchanged w ith 100% cracked gasoline 
(from the therm al cracking of shale oil).

No highly arom atic gasoline was available, so mixtures of m otor 
benzene and commercial iso-octane were examined. I t  was found 
th a t the proportion of th e  middle pyridine phase decreased as th e  
benzene content of the  blend increased b u t the sensitivity  of th e  
te s t appeared to  be unchanged. Sixty per cent of benzene in  th e  
blend was the m aximum th a t could be tested  w ithout changing 
the conditions of the test. Increasing the am ounts of pyridine 
and caustic soda and decreasing the' caustic soda concentration 
enabled the te s t to work satisfactorily w ith higher benzene blends:

Benzene 
in B lend

%
CO
70
80

Volume 
of B lend 

Cc.

Volume of 
Pyrid ine 

Cc.

C austic  Soda 
Solution 

Cc.
1 .5  2 N  
2 2 N
2 N

Blends containing m uch m ore than  80%  benzene did no t give 
three phases in  the tes t, though a  blue color was developed in the 
pyridine-gasoline phase. T he sensitiv ity  of the te s t was, how
ever, much reduced.

W ith th e  benzene blends, th e  blue color was less stable to  air 
and was destroyed by shaking for a m inute or so.

T e s t s  C o m p a r e d  f o r  S e n s i t i v i t y . In  order to  compare the 
relative sensitivity  of the different tests  available, th e  following 
tests were carried out:

Inverse D octor T est. Five cubic centim eters of th e  sulfur- 
containing gasoline were shaken w ith 5 cc. of bu ty l m ercaptan 
solution and 5 cc. of doctor solution. In  the absence of free sul
fur, the lead bu ty l m ercaptidc formed colored th e  gasoline phase 
yellow and some yellow m ercaptide collected a t  the interface. 
In  the presence of free sulfur, th e  color deepened through orange 
to dark brown or even black, depending on th e  concentration. 
Owing to  the color of the mercaptide, i t  was necessary to use a  
b lank tes t for comparison w ith  borderline tests.

Modified Inverse D octor T est. Five cubic centim eters of the 
sulfur-containing gasoline were mixed w ith  5 cc. of pyridine and 
5 cc. of bu ty l m ercaptan solution before addition of 5 cc. of 
doctor solution. T he addition of the pyridine prevented th e  color 
form ation due to  the lead m ercaptide. T hree liquid phases were 
formed and, in  the presence of sufficient free sulfur, the lead sul
fide formed collected m ainly a t  th e  liquid phase interfaces, 
making this te s t easier to  observe th an  the unmodified test.

Sommer T est. F ive cubic centim eters of th e  sulfur-containing 
gasoline were mixed w ith 3 cc. of pyridine and then  shaken w ith 
0.5 cc. of 2 N  caustic soda solution. In  the presence of free 
sulfur, a  sky-blue coloration was formed in  the m iddle phase. On 
long shaking in  the presence of air; th e  color disappeared, th is  being 
due to  the oxidation of the colloidal sulfur to thiosulfate.

M ercury T est. Five cubic centim eters of the sulfur-containing 
gasoline were shaken w ith a  little  mercury. In  the presence of 
free sulfur, black m ercury sulfide w as formed and  the suspension 
colored the  gasoline gray.

498
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O t h e r  A p p l i c a t io n  o f  T e s t s . A ttem pts to  use purified pyri
dine homologs (boiling range 120° to 250 C.), isolated from the. 
cracked pressure distillate, in place of pyridine in  the Sommer 
tes t failed. This was due to the-higher miscibility of these bases 
with the gasoline, and  the failure of the m ixture to  separate  into 
three phases on the addition  of w ater. T his is probably the 
desensitizing action of hydrocarbons on the te s t th a t was ob
served by Sommer. An a ttem p t was m ade to  apply these differ
en t tes ts  to de tec t free sulfur in crude shale oil, b u t alkali-soluble 
coloring m atte r in the oil m asked any color reactions.

R ES U LT S

The results are expressed in sulfur concentration in parts  per 
million by w eight required to  give a definite, questionable, or 
negative test. W ith  the standard  solutions used, 1 p.p.m . (w/w) 
is equal to  0.7 microgram per cubic centim eter.

T e s t

Inverse  d oc to r te s t 
Inverse, modified by  presence 

of pyridine 
Som m er te s t 
M ercury  te s t

Definite
P .p .m .

20

Q uestionable
P.p .m .

15

N egative
P .p .m .

10
15 10 8
4 3 2

P ositive  even below 0.1 p.p .m .

T he m ercury te s t is by  far the m ost sensitive, b u t i t  is too 
sensitive for p lan t control. T he inverted  doctor tes t is positive

to 15 p.p.m . of free sulfur, bu t the color of the lead m ercaptide 
tends to make detection difficult near the lim iting concentra
tion; in the presence of pyridine, the modified te s t is easier to 
observe and a shade more sensitive. The Sommer tes t is sensi
tive to  3 p.p.m . of free sulfur in the gasoline, being therefore a b o u t. 
five tim es as sensitive as the inverted  doctor test, and  y e t no t too 
sensitive for p lan t control.

W ith experience, a plant operator is able to  obtain an  approxi
m ate estim ate of the free sulfur content of the gasoline from any 
of the first th ree tests, b u t much more readily from the Sommer 
test. The Sommer te s t has been found both  quicker to  operate 
and easier to observe th an  the inverse doctor tes t previously used.

I f  the gasoline being tested .is highly arom atic, it  would be ad
visable to  determ ine the optim um  proportions of the reagents for 
the te s t before pu tting  i t  in to  routine operation.
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Qualitative Test for Carbohydrate Material
R O M A N  D R E Y W O O D 1, Paper Service Department, Eastman Kodak Company, Rochester, N . Y .

A  solution of anthrone in concentrated sulfuric acid gives a per
manent green coloration with carbohydrate material. The reaction 
is of value as a qualitative test and for the preliminary classification of 
synthetic resins into a cellulose or noncellulose group.

A LTH O U G H  there are a large num ber of specific tests for cer
tain  types of saccharides (1, 2), there are very few general 

tests fo r carbohydrate materials. The Molisch test, using a- 
naphthol, is well known and generally applicable to  soluble car
bohydrates.

Anthrone, which is used for the determ ination of glycerol (4), 
was found to  give a green color w ith cellulose. F u rther experi
m ents indicated th a t a  positive te s t was obtained w ith all of a 
group of eighteen carbohydrate m aterials examined, including 
several cellulose derivatives. Furfural is the only noncarbohy
drate m aterial, thus far encountered, which gives a  green color 
w ith anthrone. The te s t as given by furfural is, however, differ
en t from th a t given by carbohydrate m aterials. The green color 
given by a  furfural tes t is rapidly obscured by a  brown precipi
ta te , and when the sample is diluted w ith 50%  sulfuric acid or 
glacial acetic acid, a  heavy brown precipitate forms. Carbohy
d rate  samples, on the o ther hand, m ay be diluted to  any extent 
w ith these reagents, and the green color persists even a t  extreme 
dilutions.

Positive Test with Anthrone
Cellulose
S tarch
D extrin
D extrose
Z-Arabinose
G um  arab ic
G um  trag a can th
A gar
P ectin
Algin

E thylcellu lose  (ether) 
M ethylcellulose (ether) 
Cellulose ace ta te  
Cellulose ace ta te  p h th a la te  
Cellulose ace ta te  b u ty ra te  
Cellulose • a ce ta te  s tea ra te  
Cellulose p rop ionate  
Cellulose n itra te  
F u rfu ra l (noncarbohydrate)

A negative te s t was obtained by all of a  large group of non
carbohydrate m aterials examined, which included a  variety  of 
noncellulose synthetic resins, organic acids, aldehydes, phenols, 
fats, terpenes, alkaloids, and proteins.

P R O C E D U R E

One m illiliter of w ater is placed in a small tes t tube  containing 
approxim ately 1 mg. of the m aterial to  be tested , and 2 ml. of a

1 P resen t address, Tow er D rug  & Chem ical C om pany, R ochester, N . Y.

0.2 %  solution of anthrone in concentrated sulfuric acid are then  
added. T he final sulfuric acid concentration in th e  te s t solution 
should always be greater than  50% ; otherwise the anthrone will 
come ou t of solution and produce a  milky suspension. T he heat 
produced by th e  dilution of the sulfuric acid is a necessary p a rt 
of the test. In  th e  presence of carbohydrate m aterial a  clear 
green color will appear and rapidly  increase in  in tensity  until 
a  dark  blue-grcen solution results. T he te s t solution can be di
luted for comparison w ith glacial acetic or 50%  sulfuric acid. In  
the absence of carbohydrate m aterial, b u t in th e  presence of other 
organic compounds, a  brown color is often produced by th e  ac
tion of the concentrated sulfuric acid.

T he anthrone, which is no t a  readily available chemical, can be 
prepared according to  th e  directions of Schütz (4), or following 
the procedure given in  Organic Syntheses (S). C are should be 
taken  during th e  preparation  to  avoid contam ination of the 
anthrone by carbohydrate m aterial, especially filter paper pulp, 
which would cause a green color to  develop in a b lank te s t w jth 
th e  reagent.

D IS C U S S IO N  A N D  A P P L IC A T IO N S

X o  study  was m ade of the mechanism of th e  reaction, but 
the appearance and deepening of the color seemed to  be as rapid 
w ith a polysaccharide as w ith an equal w eight of a monosaccha
ride. T his would suggest th a t hydrolysis m ay no t be a necessary 
step  in the test.

A useful application of th is reaction is the identification of syn
thetic resins. E ven the m ost insoluble cellulose resins will give a 
positive tes t w ith anthrone, thus affording a  prelim inary classi
fication into a  cellulose or noncclfulose group. However, many 
plastic molding compositions contain wood flour and would give a 
positive te s t for th a t  reason.
. An a ttem p t is now being m ade to  apply  this reaction to  the 

quan tita tive  co lorim etric, determ ination of sm all quantities of 
cellulose in  solution, particu larly  to the analysis of (3- and 7- 
eellulose.

T he anthrone te s t is extrem ely sensitive. In  tests w ith  starch  
it proved to  be 10 to  40 tim es as sensitive as iodine for the detec
tion of th is carbohydrate. Approxim ately 1 p a rt of starch in
900,000 parts  of w ater can be detected.
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Determination of Ethers and Esters of Ethylene Glycol
A  M o d ifie d  A lk o x y l A n a ly s is

P A U L  W . M O R G A N

Pioneering Research Section, Technical Division, Rayon Department, E. I. du Pont' de Nemours & Co., Inc., Buffalo, N . Y.

A  modified alkoxyl method and apparatus have been devised by 
which the ethylene glycol content in esters and ethers may be 
determined quantitatively on a semimicro scale. Hot, constant- 
boiling hydriodic acid decomposes the ethylene glycol residue 
quantitatively into ethyl iodide and ethylene, which are collected

S IN C E , during recent years, derivatives of ethylene glycol have 
a tta ined  considerable technical im portance as solvents, 

plasticizers, sizes, etc., there is frequently a  need for an analytical 
m ethod by which these compounds m ay be determ ined and iden
tified.

To th e  au th o r’s knowledge, the only previously described 
m ethod for the analysis of glycol ethers is th a t of Elkins (6) and 
W erner and M itchell (21) which depends upon the chromic acid 
oxidation of the ether and titra tion  of the excess dichromate.
This m ethod distinguishes read ily  between such compounds as 
monom ethyl and  ethy l ethers of ethylene glycol b u t is difficult 
to  apply where the glycol ether is only a small p a r t of a complex 
s tructu re  as in hydroxyethylcellulose or m any glycol e ther and 
ester plasticizers.

M ethods for the analysis of m ethyl and ethyl ethers have 
been known since the work of Zeisel (24) who used constant- 
boiling hydriodic acid to  split the ethers into the corresponding 
alkyl iodides.

R O R ' +  2 H I — >■ R I +  I t ' I  +  H ,0  escapes. If  a  brom ine-acetic acid solution (2, 5, 19) is used,
ethylene m ay react w ith th e  excess 
bromine, b u t i t  is no t detected and 
does no t interfere w ith the subsequent 
titra tion  of th e  iodate ions from the 
oxidation of ethy l iodide. On the 
other hand, when the usual alkoxyl 
analysis is applied to  determ ine m eth- 
oxyl or ethoxyl groups in a  com
pound containing ethylene glycol resi
dues, the results a re  always too high 
for the alkoxyl content because of the 
ethy l iodide from the glycol residues.

T he m ethod presented here provides 
a means by which ethylene glycol resi
dues or methoxyl and ethoxyl groups 
combined w ith ethylene glycol residues 
m ay be determ ined quantitatively .

A P P A R A T U S

An arrangem ent of apparatus for the 
analysis is shown in the scale diagram 
(Figure 1). I t  consists in p a rt of the 
reaction flask, condenser and first ab 
sorption tube  of a  Clark (2) alkoxyl 
apparatus. These are followed by an 
absorption tube, D, made from a sec
tion of a  spiral from a  W idmer distilla
tion  column and a  standard-taper 
(24/40) gas inlet adapter.

Dimensions of th e  appara tus no t 
readily determ ined from the diagram 
are as follows: carbon dioxide inlet 
capillary, 1-mm. inside diam eter;
flask A ,  28-mm. diam eter, 12/18 
standard -taper jo in t; condenser, 9-mm. 
inside diam eter; inlet to  tra p  B , 2-

T he alkyl iodide then was distilled 
ou t and  reacted w ith alcoholic silver 
n itra te  to form silver iodide which was 
determ ined gravim ctrically.

Prcgl (15) adapted  the Zeisel method 
to  a  micro scale and  Viebock and others 
(19) developed an  iodom etric method 
for determ ining the alkyl iodide. F u r
ther modifications in  the apparatus 
were made by C lark '(2), Elek (5), 
Viebock (19), Samsel and M cH ard (16), 
and others (12).

N one of these investigators reported 
any a ttem p t to  ad ap t the m ethod to  the 
analysis of 1,2-glycol ethers. Mei- 
senheimer (11) found th a t ethylene 
glycol and  hydriodic acid produced 
low and variable quantities of ethyl 
iodide. Grim and Bockisch (8) aban
doned the idea of using the Zeisel 
method on glycols, after finding th a t 
ethylene and  propylene glycols w ith 
constant-boiling hydriodic acid yielded 
about 50%  of the alkyl iodides and 
gases identified as ethane and propane, 
respectively. The identification of 
these gases has now been shown to 
have been incorrect. D avis (4) applied 
the Zeisel analysis to  phenoxyethanol 
and obtained low and variable results. 
Lawrie and  others (10) obtained ethyl 
iodide by a Zeisel analysis of hydroxy
ethylcellulose, b u t did no t report 
d a ta  to  indicate w hat reproducibility 
was obtained. Small am ounts of ethyl 
iodide have been reported from the 
decomposition of dioxane w ith hy
driodic acid in a  sealed tube a t  100° 
(13).

i  I , i  I

60

Figure 1. Apparatus

and determined volumetrically in standard solutions of silver nitrate 
and bromine, respectively. The method has been applied to sol
vents, polyethylene ethers, plasticizers, and hydroxyethylcellulose, 
as well as to compounds containing halogen or sulfur substituents in 
place of oxygen upon the ethylene glycol residue.

Still o ther reports show th a t  gaseous hydrogen iodide converts 
ethylene glycol to  ethylene iodide (17) and concentrated hydriodic 
acid a t  100° likewise decomposes diethylene glycol to-ethylene 
iodide (23). Alkylene iodides have long been known to  be un
stable to  heat and light (1, 14, 18) and this instability  has been 
used for the  preparation of pure olefins. Such decompositions 
in to  olefin and  iodine are favored by  the presence of iodide ions 
(18).

From  the foregoing review, it  appears probable th a t  ethyl 
iodide and ethylene would be two of the products of the reaction 
of ethylene glycol derivatives and  hot, concentrated hydriodic 
acid.

A prelim inary macrodecomposition of polyethylene oxide with 
constant-boiling hydriodic acid and  analysis of the gaseous prod
ucts showed th a t  the ethy l iodide and ethylene produced ac
counted quan tita tively  for the starting  m aterial. T his finding 
shows why the various alkoxyl analyses fail to  give quantita tive 
and reproducible results w ith such compounds. I f  silver n itra te  
is used as- the absorption m edium for e thy l iodide, the ethylene
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mm. inside diam eter; inlet to trap  C, 7 /15 standard-taper joint, 
2-mm. inside diam eter tube; trap  C, 14-mm. inside diam eter; 
trap  D, inner tube, 8-mm. outside diam eter, 2-mm. opening a t 
bottom  of spiral; spiral, 1.75-mm. rod, 23 turns, 8.5-mm. rise per 
tu rn ; outer tube, approxim ately 12.5-mm. inside diam eter; 
side arm  7 cm. from top of inserted spiral, 3.5-mm. inside diam 
eter, 2-mm. opening a t  bottom .

The stopcock is lubricated w ith Silicone grease. The absorp
tion tubes m ay be conveniently suspended by a series of properly 
spaced sheet m etal clips attached  to a stick clamped a t  an angle 
of about 60°.

For the analysis of lowly substitu ted  cellulose ethers a  reaction 
flask of double the illustrated  capacity is used. Although a  m ini
mum num ber of connections is desirable an d  an  apparatus m ay 
be built w ith all ground-glass connections, no particular difficulty 
has been experienced w ith the rubber connections for tubes C and 
D, and they produce a desirable degree of flexibility.

R E A G E N T S

H y d r io d ic  A c i d . Constant-boiling hydriodic acid (specific 
gravity  1.70; boiling point 126-7° C.) is prepared by distilling 
reagent grade acid over red phosphorus in  an  atm osphere of 
carbon dioxide. A dequate precautions should be taken  to  avoid 
possible violent explosions of m ixtures of a ir and phosphorus 
hydrides in the receiver. T he acid should be distilled w ithin a 
few days of the period of use or else stored after distillation in  an 
atm osphere of carbon dioxide or nitrogen in dark-colored, sealed 
bottles. I t  should be free from sulfur compounds and from phos
phide and hypophosphorous acid. H ypophosphorous acid, 
which is sometimes used as a  stabilizer for hydriodic acid, m ay be 
destroyed by the addition of a few iodine crystals followed by  dis
tillation over red phosphorus. Phosphine in the distilled acid is 
indicated by unusual stability  to  atm ospheric oxygen and by the 
blackening of silver n itra te  paper held above the acid. T his con
tam ination is frequently present in acid distilled from phosphorus, 
bu t is readily removed by refluxing the hydriodic acid until the 
vapors no longer color silver n itra te  paper gray or black. H ydri
odic acid vapors stain  paper brown or brownish black.

S i l v e r  N i t r a t e  S o l u t i o n . Silver n itra te  (15 grams) is dis
solved in 50 ml. of w ater and then  added to  400 ml. of absolute 
ethanol. Several drops of concentrated n itric acid are added. 
This solution is standardized against 0.05 AT am m onium  thio
cyanate by the Volhard m ethod (20). I t  is very stable and  shows 
very little  change w ith use.

B r o m in e  S o l u t i o n . Bromine (1 ml.) is added to  300 ml. of 
c.p. glacial acetic acid sa tu ra ted  w ith d ry  potassium  bromide 
(5 grams). F ifteen milliliters of this solution require about 40 
ml. of 0.05 N  sodium thiosulfatc. This solution is stored in  a 
dark  bottle  and kep t in the  dark. I t  is standardized a t  least once 
a day during use.

A lternatively, a  m ethanolic solution of brom ine and potassium  
bromide m ay be used (9). Absolute m ethanol (500 ml.) is sa t
urated w ith dry potassium  bromide (10 grams) and 1.8 ml. of 
bromine are added. F ifteen milliliters of this solution require 
between 40 and 50 ml. of 0.05 Ar sodium thiosulfate. This solu
tion is stored as directed above. 11 is standardized against sodium 
thiosulfate w ith each analysis.

O t h e r  R e a g e n t s . T he following required solutions need no 
special description:

Potassium  iodide, 10% aqueous solution.
Sulfuric acid, 10% aqueous solution.
Sodium thiosulfate, 0.05 N  s tandard  solution.
Ammonium thiocyanate, 0.05 N  standard  solution.
Starch indicator, 1%  aqueous solution.
Ferric amm onium sulfate indicator, sa tu ra ted  aqueous solu

tion  (filtered).

S A M P L E  S IZ E

The choice of sample size is im portan t for accuracy and com
plete decomposition. Samples of very high ether content should 
weigh from 50 to 100 mg. and m ay require 1, 2, or more hours for 
complete decomposition. F or samples containing less th a n  10% 
of glycol residue, 200 to  300 mg. of m aterial and  a  reaction flask 
of twice the illustrated  capacity  are used. The am ount of hy
driodic acid is correspondingly increased.

ml. of bromine solution are p ipetted into the spiral absorption 
tube, D, and 10 ml. of 10% potassium iodide solution are placed 
in  the final tube, E. A weighed sample of glycol ether (0.05 to
0.12 gram) is placed in reaction flask A , together w ith a  H engar 
boiling granule and 10 ml. of hydriodic acid. W hen the sample 
has poor solubility in the acid or tends to  sublime, a m ixture of
1 ml. of phenol and 2 ml. of propionic anhydride is added to  the  
reaction flask, as recommended by Elck (5) (cf. 16). The flask 
is connected to the apparatus, a  slow stream  of carbon dioxide 
(1 bubble per second) is passed through, and the flask is heated 
slowly w ith an oil ba th  to  140° to  145° &

The flask is kep t a t  this tem perature a minim um of 40 m inutes 
and frequently 1 to  2 hours are required for compounds 'with 
very high ether contents. Two indications of the completion of 
the decomposition are the absence of any cloudy reflux in the 
condenser above the reaction flask and the nearly complete 
clarification of the supernatan t liquid in the silver n itra te  trap. 
Five m inutes before the completion of the reaction the silver 
n itra te  trap  is heated to  50° to 60° C. w ith a ho W a te r  ba th  to 
drive ou t any dissolved olefin.

A t the completion of th e  decomposition, tubes D  and  C are dis
connected cautiously in th a t order. T he carbon dioxide source 
then  is disconnected and the heat removed from flask A . The 
spiral absorption tube, D, is then  connected by its lower adapter 
to  a  500-ml. iodine-titration flask containing 10 ml. of 10% po
tassium  iodide solution and 150 ml. of w ater. The potassium 
iodide tube, E, is removed and the side arm  rinsed into it. The 
bromine solution is allowed to  run  in to  the titra tion  flask through 
the stopcock and the tube and spiral are rinsed w ith water. 
T he contents of the potassium  iodide tube are added to  the titra 
tion flask, which is then  stoppered and allowed to  stand  5 m in
utes. Five milliliters of 10% sulfuric acid are added and the 
solution is titra ted  a t  once w ith 0.05 N  sodium thiosulfate, using
2 ml. of starch  indicator solution for the end point.

T he contents of the silver n itra te  trap  are .rinsed into a flask, 
diluted to  150 ml. w ith w ater, heated to  boiling, cooled to  room 
tem perature, and titra ted  w ith 0.05 N  am m onium  thiocyanate, 
using 3 ml. of ferric amm onium sulfate solution as an indicator

C A L C U L A T IO N S

After the titra tions of the brom ine and silver n itra te  traps are 
subtracted  from the corresponding blank titra tions, the following 
calculations hold for ethylene glycol ethers:

Difference in ml. of N a2S20a X 1 V X  2.203 
wt. of sample

Difference in ml. of NH<SCN X N  X 4.405 
wt. of sample

=  %  CYH.O as C JB  

=  %  C2I1 ,0  as C2H s1

T he C2I I ,0  u n it has been chosen as convenient for calculating 
the results of the analysis of compounds having greatly  differing 
structures. O ther groups, such as — C2I i ,— , —0 C H 2C H 20 —■, 
or I I0 C H 2C H 20 —, m ay be used by sim ply changing the factors 
in  the  equations and  their use m ay appear more logical when 
dealing w ith particu lar types of derivatives.

C O R R E C T IO N  F O R  R E A G E N T S

R epeated blank determ inations on the reagents in  the appara
tus showed th a t there wras no change in the silver n itra te  solution 
and there was an  average loss in  the brom ine solution equivalen t 
to 0.30 ml. of 0.05 N  sodium thiosulfate. T h is correction was 
applied to  all the determ inations m ade using m ethanolic bro- 
m ine-potassium  brom ide and brom ine-acetic acid for the absorp
tion of ethylene.

A N A L Y T I C A L  D A T A

Tables I  to  IV  contain the results of the analysis of various 
typical substances containing ethylene glycol residues.

P R O C E D U R E  O F  A N A L Y S IS

T he apparatus is cleaned and dried. T rap  B  is filled w ith a 
suspension of a  small am ount of red phosphorus in  enough wTater 
to  cover the inlet tube. I f  the sample to  be analyzed contains 
sulfur, the phosphorus is suspended in  5%  aqueous cadmium 
sulfate solution instead of w ater. Ten milliliters of silver ni
tra te  solution are p ipetted in to  the  first absorption tube, C, 15

T H E O R Y  O F  P R O C E D U R E

W hen an ethylene glycol e ther or ester is decomposed by con
stant-boiling hydriodic acid, the points of a ttachm en t of the ether 
and  ester linkages are replaced by  iodo and hydroxyl groups. 
E ventually  all aliphatic hydroxyl groups are replaced by iodine 
or hydrogen, while phenolic hydroxyls and carboxyl groups are
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Table I. Analysis of Ethylene G lycol Derivatives
P er C en t - -C 2H 4O -

Substance
E th y len e  glycol di- 

O- (pentaacety l-d- 
g luconate)0 

2-Phenoxy e thano l

D iethyleno glycol 
dicresyl e th e r

E th y len e  glycol ' 

D iethylene glycol 

P olyethylene oxide &

D ioxane

2-M ethoxyethano lc

F orm ula
C2H402[C6H 60 e (C 0 C H 3)6]2

CsHsOCHsCHjOH

C 7H 7O C 2H 4O CÎH 4OC7I I 7

H O C H 2C H 2OH

H O C 2H 4OC2H 4OH

H 0(C2H 40)»iH

(C2H40)2

C IÏ3 0C II2CÏI20ÎI

F ound
E thy lene  T rap As R I As C all. T o ta l Calculate

M eO H -B ri-K B r 4 .4 3 0 .91 5 .3 6 5 .2 5
M eO H -B ri-K B r 3 .7 2 1.52 5 ,2 4
M eO H -B rj-K B r 3 .4 5 2.01 5 .4 0
M e O H -B ri-K B r 21.83 10.10 31 .99 31 .88
M eO H -B ri-K B r 27.29 4 .05 31 .94
M cO H -B ri-K B r 22.84 9.01 31.85
B rs-C C l. 23 .13 8 .79 31 .92
B ri-C C l. 21 .99 11.09 33 .08
B ri-C C U 20.12 12.61 32 .73
B n-C H aC O O H ? 4 .97 0 .3 5 31 .32
B n-C H aC O O II 28 .42 3 .3 9 31.81
B rr-C H aC O O H 17.82 14.17 31 .99
M e O H -B rj-K B r 19.08 11.28 30 .96 30 .76
M eO H -B rż-K B r 13.89 10.99 3 0 .88
M eO H -B r2-K B r 20.87 9 .73 30 .60
B rs-CIIaC O O H 14.80 10.11 30.91
M eO H -B ra -K B r 57 .30 14.37 71 .73 70.97
M cO lI-B rr-K B r 42 .07 29 .56 71 .03
M eO H -B rj-K B r 09 .08 13.22 82 .90 83.05
M cO H -B ri-K B r 59 .69 22 .58 82 .27
M eO H —B rr-K B r 82 .48 15.57 98 .05 99 .59
M eO H -B ri-K B r 85 .15 12.45 97 .60
M cO H -B r2-K B r 81 .88 15.39 97 .27
B rj-C C l. 60.11 42 .18 102.3
M eO H -B r2-K B r 90 .40 9 .3 4 99 .74 100.00
M cO H -B ri-K B r 80 .90 11.54 98 .44
M cO T I-B ra-K B r 105.8 9 .4 7 115.3 115.8
M eO H -B ri-K B r 102.6 11.21 113.8

° F o r p repara tion  see (22). b Carbow ax-4000 of C arb ide and  C arbon C hem icals Corp. 
* M etnoxyl c o n ten t calculated  as — C 2H 4O— .

Table II. Analysis of Commercial Plasticizers

S ubstance 
M ethoxycthy l oleatc&

T rie thy lene  glycol di- 
2 -e thy lhexoatec

ß- E th  o xj'e thyl-o- 
bcnzoyl benzoate 

B u toxye thy lph tha la te

F o rm ula
CH30C2H400Ci8H38

C6Hl202(C7lIl5C00)2

CeHsCOCaiiCOOCjHiC^Hs
C6H4(C00C2H40C4H9)2

0 M ethoxyl and  ethoxyl groups calculated  as — C2I I 4O - 
b Ivapsol as received from  Ohio Apex, Inc. 
c Flexol 3GO of C arbide and  C arbon Chem icals Corp.

P e r C en t — C 2H 4O—
Found C alcu

E th y len e  T rap As R I As C all. T o ta l la te d “

M cO H -B rj-K B r 21 .64 2 .0 7 23.71 25,.88
M cO H -B rj-IC B r 20 .32 3 .03 23.35
M eO H -B ri-IC B r 21 .96 1.89 23 .85
M cO H -B ri-K B r 23 .48 7 .7 9 31 .27 32. 82
M eO II-B ri-K B r 24 .94 6 .3 6 3 1 .30
M cO H -B ri-K B r 19.23 11.75 3 0 .98
M eO H -B ri-K B r 22 .25 9 .3 7 31 .62
B ri-C C U 19.74 11.71 31 .45
M eO H -B ri-K B r 24 .55 3 .75 28 .30 29,, 54
M e O H -B ri-K B r 23 .38 4.GC 28 .04

.05M eO H -B ri-K B r 18.13 6 .04 25 .07 24.
M eO H -B ri-K B r 18.20 5 .3 8 23 .58

unchanged. R eports in the 
literature  (17, 23) indicate 
th a t ethylene iodide can be 
isolated as an interm ediate in 
the reaction of ethylene glycol 
or diethylene glycol w ith 
hydripdic acid and th e  forma
tion  of the final products, ethyl 
iodide and  ethylene, is best 
explained by assum ing the 
interm ediate production of 
ethylene iodide.

R O C H 2C H 2O I I  +  3  I I I  

R I  +  I C T R C I R I  +  2 I I 20  (1)

T he exact course which the 
reaction takes preceding the 
form ation of ethylene iodide 
probably varies w ith  the 
num ber and  type  of substitu 
en ts upon the glycol residue.
One m ay reasonably assume 
th a t in m any cases ethylene 
iodohydrin precedes ethylene 
iodide. In  the case of poly
ethylene e th e r s ,  e th y le n e  
glycol, ethylene "iodohydrin, 
and ethylene iodide m ay all 
be simple prim ary decomposi
tion products.

As soon as ethylene iodide 
has been formed, several 
courses of fu rther reaction are 
possible: the diiodide m ay de
compose into iodine and an 
olefin, which escapes; part 
of the alkylene iodide may 
be reduced by hydriodic acid 
to alkyl iodide; p a r t of the 
olefin formed by the first reaction may’ react with hydriodic acid to  
produce alkyl iodide.

I C H 2C H 2I  — »- C H 2= C H 2 +  I ,  (2)

I C H . C H . . I  +  H I  — >- C H s C H o I  +  I 2 (3 )

C H 2= C H , . +  H I  — >  C H j C H J  (4 )

In  any  case, the two final products are ethyl iodide and ethy l
ene and  the sum of these products is equivalent to  the glycol 
e ther groups in  the substance. There may» be, present, of course, 
volatile alkyl halides from other sources. N o paraffin hydro
carbons are produced.

T he following equation is a  sum m ation of E quations 1 to  4, in 
"which x is a  variable num ber less th an  1:

R O C H 2C H 2O H  +  (3  +  x) I I I  — >  R I  +  (x )  C H 3C H 2I  +

(1 -  x) C H ^ C H »  +  I 2 +  2 H 20  (5)

T he ra tio  of ethy l iodide and  ethylene obtained varies w ith 
several reaction conditions, as is pointed ou t in  th e  discussion 
on application of the procedure. N o exception to  the above 
course of reaction has been found among th e  wide varie ty  of 
struc tu res represented in the tables. O ther 1,2-glycols an d  their

derivatives are decomposed by hydriodic acid in a sim ilar way, 
forming alkyl iodides and  olefins.

D E V E L O P M E N T  A N D  A P P L IC A T IO N  O F  M E T H O D

In  developing an absorption system  a single silver n itra te  trap 
was found to  be sufficient to  absorb all alkyl iodide vapors. 
Simple traps of brom ine solution w ould no t absorb all of the 
ethylene, even when several were used in series. Therefore, the 
spiral tube was devised to  provide a  longer contac t of the gases 
w ith th e  brom ine solution. The standard -taper adapter was 
added to  this tube to  perm it the transfer of the brom ine solution 
to a  titra tio n  flask w ithout loss., I t  was found advisable to  place 
the side arm  well above the upper end of the spiral or to enlarge 
the upper p a r t of the tube into a  bulb in order to  provide room 
for the  contents of th e  tube  if the flow of gas through the  system 
became too rapid. Rushes of gas frequently  occurred ju s t as 
the reaction was brought to boiling. Caution m ust therefore be 
taken  in  bringing th e  m ixture to  a boil, even though good boiling 
stones are provided.

A final simple tra p  containing potassium  iodide solution was 
added to  the  system  to collect any brom ine sw ept ou t by’ the 
flow' of carbon dioxide. Practically  no brom ine was found to es
cape from m ethanolic brom ine-potassium  brom ide solution, 
while brom ine equivalent to  0.75 ml. of 0.05 N  sodium thiosulfate 
was often obtained in 40 m inutes from brom ine-acetic acid solu
tion. T he volatility  of the  brom ine was reduced by’ satu rating  
the solution w ith  potassium  bromide.

hi
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A solution of bromine in carbon tetrachloride was unsatisfac
to ry  for the absorption of ethylene because of the volatility of the 
solution. T he resulting losses produced values for the percentage 
of glycol residues which were too high (Table I) . Bromine in 
m ethanol sa tu ra ted  w ith potassium  bromide was used in the 
m ajority  of determ inations reported. T his solution was very 
easily handled w ithout brom ine losses, b u t the tite r  dropped 
rapidly  during storage and  use and i t  therefore required frequent 
standardization. Occasionally solutions were obtained which 
were very unstable and gave high b lank determ inations. These 
blanks m ay be reduced to  small and reproducible values by sto r
ing new solutions for a t least 10 days before use (2A). An 
acetic acid solution of brom ine had the best stab ility  to  storage 
and  use and  was readily handled w ithout losses.

Because a single absorption system  would greatly simplify 
the determ ination of ethylene glycol derivatives, several a t
tem pts were m ade to-achieve this end. In  one experim ent the 
vapors from the reaction flask, A , were passed through a second 
heated flask of hydriodic acid. N o m arked increase in the yield 
of ethyl iodide was obtained.

A nother approach to a simplified absorption system  is the use 
of a single Standard brom ine solution, which reacts w ith both  the 
alkyl iodide and olefin from glycol derivatives b u t no t in an 
equivalent manner.

R I +  B r2  =► R B r +  IB r

IB r +  3 HoO +  2 B rs — >- IIIO , +  5 H B r 

C IIo= C H , +  B r, — >  Olf.jBrCIIoBr

The reactions represented by the first two equations are the 
basis of the Vicbock absorption system  for alkyl iodides (2, 19).

I f  a  standardized selective reducing agent could be found which 
would react w ith the excess bromine and  no t w ith the iodate ions, 
this single solution system  could be used for the determ ination of 
glycol ethers. The alkyl iodide would be determ ined by t i tra 
tion of the iodate ions and the olefin by  the difference between 
the to ta l brom ine a t  the beginning and the sum  of the excess 
bromine and th a t  used to react w ith alkyl iodide. S tandard  
formic acid reacts selectively b u t no t stoichiometrically w ith  the 
excess brom ine and a ttem p ts to use i t  for this purpose were 
therefore unsuccessful.

Except for various adjustm ents in the adopted procedure to 
accom modate samples of varying ether content and solubility, 
as noted earlier, m ost derivatives of ethylene glycol were analyzed 
w ithout difficulty.

Several factors were found to  affect the ratio  of alkyl iodide 
and olefin obtained. F actors which prom oted the form ation of 
high percentages of alkyl iodide were (1) freshly distilled hy
driodic acid, (2) small sample size, and (3) low tem peratures 
during the first p a r t of th e  reaction. The values obtained in 
the analysis of ethylene glycol di-O-(pentaacetyl-d-gluconate) 
(T able I) illustrate th e  effect of aging hydrioditf acid, which for 
succeeding samples was 1, 2, and  6 days old, respectively. The 
ratio  of ethy l iodide to  ethylene in general had  no bearing on the 
to ta l result, except th a t, if the  am ount of ethylene became too 
great and was evolved too rapidly, the absorption tube failed to 
take it  up completely. N o combination of conditions was found 
which yielded 100% alkyl iodide in a period of tim e suitable for 
an  analy (ical method.

Chlorine-containing compounds required no changes in the pro
cedure, b u t sulfur-containing compounds required the use of cad
mium sulfate in the phosphorus scrubbing trap  in order to  collect

the hydrogen sulfide which was 
evolved.

T h io d ig ly c o l  (Table III) 
produced only a  50%  yield of 
ethylene and  e thy l iodide and 
a crystalline sublim ate. The 
sublim ate was identified as 1,4- 
dithiane (m elting po in t 110°) 
ra ther th an  fl,/3'-diiodoethyl- 
sulfide, which is reported  to  
form very readily w ith thio
diglycol and hydriodic acid (7) 
4,7-Dithiasebacic a c id  w as  
successfully analyzed by  using 
a  solvent m ixture of phenol 
and propionic anhydride in 
the flask and heating the reac
tion m ixture a t  110 ° for 2 hours 
before going higher.

In  the analysis of butoxy- 
ethy l ph thala te  (Table II) 
much too high results were 
obtained unless the carbon 
dioxide flow was slowed down 
and the oil ba th  kep t below a 
m aximum of 140°. F or the 
satisfactory separation of ethyl 
and m ethyl iodides-from propyl 
and bu ty l iodides, a  water- 
cooled condenser as used by 
Elek (5) and  others would be 
required.

1,2-Propylene glycol ethers 
were found to  follow the same 
course of reaction as ethylene 
glycol ethers, forming propyl
ene and  isopropyl iodide. T he

Table III. Analysis of Miscellaneous Substances
P e r C en t — C 2H 4O—
Found

Substance Form ula As R I As olefin T o ta l C alculated"
<3,/3'-Dichloroethyl e ther (C lC IIiC H iljO 47.73 12.87 B0.60 61.01

4,7-D ithiasebacic acid
50.89 10.30 01.19

C II jS-
1

—C 2I I 4CO OII 13.36 5.02 18.38 18.48

Thiodiglycol
C H îS -C îIU C O O IÎ 12.54 6 .15 18.69
(H O C H sC H 2)jS 26.29 9.41 35 .7 0  72 .10

13.06 24.09 37.15

D ipropylene glycol
31 .49 7 .8 8 39.37

(C H 3C H 0 H C H j)20 45.34 12.65 57.99  58 .67
44 .33 13.14 57 .47

° A lkylene groups in sam ples calculated  to  theore tical yield of — C 2I I 4O— .

Tabic IV . Typical Analys es of Hydroxyethylcellulose

M oles of
H ydroxyethy l Groups

per Glucose U n it
E thy lene From

Oxide Used 
per Glucose P er C en t - -CîTUO— Found

modified F rom  sapon- 
a lkoxvl ification of

Sam ple U n it A aC rfls I As C 2ÍI4 T otal m ethod triace ta te Solubility
A 0 .2 5 3.0G 0 .5 4  • 3 .6 0 0 .1 7 Soluble in 7%  N aO H  

Soluble in 7%  N aO H3 .1 4 0 .6 6 3 .8 0 0.17
A 0 .5 0 4 .5 3 2 .06 6 .5 8 0 .26 Soluble in 7%  N aO H  

Soluble in 7%  N aO H5 .1 8  , 1.16 6.34 0 .2 5
C  0 .7 5 8 .4 5 2 .0 8 10.53 0 .43 Swollen b y  cold IIiO

7 .04 3 .1 8 10.22 0 .4 2
'D  1 .50 14.77 2 .0 8 16.85 0 .7 5 Swollen by  m any so lvents;

13.89 2 .2 0 16.09 0.71 n o t swollen by  acetone
E “ 4 .05 28.25 5 .6 0 33 .85 1.88 Soluble in HaO, A cOH, and

19.02 13.72 32 .74 1.79 CsH .N
F "  10 .0 30 .96 21 .66 52 .62 4 .0 9 Soluble in HaO a nd  aq. E tO I I ;

35 .64 17.16 52 .80 4 .1 2 . . insoluble in acetone
Ccglin D& . . . 3 .3 4 1.32 4 .6 6 0 .1 8 . . Soluble in 7%  N aO H

3.49 1.23 4 .7 2 0 .1 8 . .
Ccglin H I  . . . 3 .1 2 3 .0 7 6 .19 0 .2 4 Soluble in 7%  N aO H

3.44 2 .1 2 5 .5 6 0 .2 2 . .
Cellosize . . . 20 .32 7.82 28 .14 1.44 1 .45 Soluble in H 2O and  nearly

WS-100°>C 22.65 5.61 28 .26 1 .45 1.49 soluble in AcOH or C .H .N
23.15 4 .8 9 28 .04 1.44 . ,

“ A naly tical values corrected for ash  con ten t.
6 P ro d u ct of Sy lvan ia  Industria l Coro.

I  roduct of C arb ide  and  C arbon  C hem ical C orp.
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la tte r was distilled from the reaction flask w ith considerable 
difficulty and it  was necessary to  heat the condenser and  the phos
phorus trap  and keep a very high reflux in order to  drive it  over.

D IS C U S S IO N

T he da ta  show th a t the precision and  accuracy of the method 
are satisfactory for the analysis of a  wide varie ty  of glycol de
rivatives. T he columns in the tables showing the percentages of 
alkyl iodide found are the values which would have bqpn obtained 
if the substances had  been analyzed by the Zeisel or Viebock 
methods. In  general, these values are low and variable. The 
yields of alkyl iodide in duplicate analyses are often of a similar 
m agnitude because consecutive analyses were performed under 
sim ilar conditions. W hen the percentage of glycol units deter
mined as ethylene is added to  th e  percentage as alkyl iodide, the 
to ta l checks well w ith the calculated values. The duplicate 
values found for a num ber of unpurified plasticizer samples 
(Table II) agree well among them selves b u t are all lower than  
the calculated values. The probable presence of im purities ac
count« for these results.

Substances onstructures which would interfere with the analy
sis are any volatile alkyl iodide from an  ether, ester, sulfide, etc., 
or structures which m ight produce 1,2-diiodides and eventually 
gaseous olefins b u t from which relatively nonvolatile monoiodides 
would result. M ethyl, ethyl, and possibly isopropyl iodide, if 
they  are known to be potentially  present, m ay be easily taken 
into account by calculating the over-all results as glycol residue, as 
was done in the case of m cthoxy- and ethoxycthanol derivatives 
in this work (Tables I  and  I I ) . Acetone is an  interfering sub
stance because i t  reacts readily w ith  brom ine. If  i t  is used for 
drying purposes, the apparatus m ust be carefully freed of i t  be
fore the analysis is performed.

M ethoxyl and  m ethyl ester groups m ay be determ ined in  the 
presence of glycol residues by  a separate analysis according to  the 
recent modification of the W illsta tter m ethod by Cooke and  Hib- 
b ert (3). Of course, m ethyl and ethy l ester gboups, as well as 
o ther ester groups, m ay also be determ ined separately by saponi
fication.

The correct degree of substitu tion  of various hydroxyethyl- 
cellulose derivatives is presented here for the first tim e (Table 
IV ). M ost previous estim ations have been based upon the 
am ount of etherifying agent used or upon the gain in weight of 
the product. Obviously the m ethod of analysis described here 
does no t determ ine w hether the liydroxyethyl e ther groups are 
present as individual units or are bu ilt up in  polyethylene oxide 
units of varying sizes. I t  seems more th an  probable th a t  the 
la tte r  is increasingly th e  case as th e  substitu tion  is increased and 
it m ust be so in the case of sam ple F  (Table IV) in  which 4.1 
glycol residues are distributed  over 3 cellulose hydroxyls.

An independent check on the liydroxyethyl content in cellulose 
derivatives was obtained in the case of Cellosize WS-100 by pre
paring the triace ta te  w ith pyridine and  acetic anhydride and cal
culating the num ber of glycol residues necessary to produce the 
observed difference in acetyl value between th is sample and cellu
lose triacetate . Such a  m ethod is applicable to  the more highly 
substitu ted  hydroxycthylcellulosc derivatives.

Since a  direct analysis of hydroxyethylcellulose has no t pre
viously been realized, a  few comments on the relation of substi
tu tion  to  the m ethod of preparation and  solubility of these, de
rivatives are in order. T he da ta  in T able IV  show th a t the 
efficiency of the reaction between ethylene oxide and alkali cellu
lose (18%  sodium hydroxide; 33%  cellulose) varied from as 
high as 68%  down to 40%  as the portions of ethylene oxide were 
increased from 0.25 to 1.0 mole. Larger am ounts of ethylene 
oxide were added in successive 1-mole portions. Considerably 
higher efficiencies were obtained by adding the ethylene oxide in 
sm aller portions.

C ertain generalities concerning th e  solubility of these deriva
tives in relation to  substitu tion  are no t clear from the num ber of

analyses presented. Above 0.35 mole liydroxyethyl groups per 
glucose u n it (g. u.), the  derivatives become increasingly sensitive 
to cold w ater and eventually  dissolve, a t  substitutions between
1.0 and  1.2 moles per g. u. U p to  0.5 mole per g. u. they  m ay be 
handled in ho t water. Above 0.75 mole per g. u. they  are con
siderably swollen by alcohols and acetic acid b u t no t by acetone. 
Solubility in powerful organic solvents is a tta ined  a t  abou t 1.3 
moles per g. u. and eventually solubility in common solvents is 
obtained. These solubility rules arc based on derivatives having 
degrees of polym erization between 500 and 800 anhydroglucose 
units. In  contrast w ith o ther cellulose ethers, hydroxyethyl
cellulose ethers show increasing solubility in  all m edia w ith in
creasing substitu tion . In  other words, once solubility in a given 
solvent is reached, it  is no t lost by increasing the hydroxyethyl 
substitution.

In  conclusion, in addition to  the analysis of simple ethylene 
glycol derivatives as described, the m ethod m ay be used for the 
determ ination of glycol derivatives in m ixtures, such as aqueous 
solutions or plasticized polymeric m aterials. I t  is believed th a t 
the m ethod m ay be applied by proper adap ta tion  to m any other 
types of compounds containing chains of two m ethylene groups 
linked to noncarbon functional groups and  should prove useful 
for the identification and  proof of struc tu re  of such compounds.
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Precision Semimicromethod for Gas Analysis
L E O N A R D  K. N A S H 1, Mallinckrodt Chemical Laboratories, Harvard University, Cambridge, Mass.

A n  apparatus is described which is capable of complete analysis of 
small samples of carbon dioxide, carbon monoxide, methane, 
hydrogen, nitrogen, and/or oxygen. The operations of analysis 
are simple and reliable, and the danger of loss of a valuable sample 
is reduced to a minimum. With a sample of volume approximating 
1 cc. at N.T.P. an accuracy of a few tenths of a per cent of the total 
gas sample may be anticipated; but an accuracy of about 1 %  is 
maintained with samples as small as 0.1 cc. N.T.P. The conditions 
for a satisfactory fractional combustion on a platinum catalyst of 
hydrogen and carbon monoxide in the presence of methane and 
excess oxygen are defined.

N T H E  course of an investigation of the gases in meteorites
a sensitive method for the analysis of low-pressure gases has 

been developed, which provides data  of high accuracy with very 
small gas samples, and in  which the danger of accidental loss of 
the sample is reduced t o a minimum.

Figure 1 illustrates the apparatus, in which all the m easure
ments are made a t  diminished pressures.

Only solid adsorbents are em
ployed, and Apiezon stopcock grease 
is used throughout. T he 1000-ce. 
reservoir, A , containing purified mer
cury, is linked w ith the 500-ec. 
chamber of the Topler pump, B. The 
rise and fall of the mercury in B  is 
controlled through stopcock 1, whose 
two leads give access to an aspirator 
line and to the atm osphere, respec
tively. The buret, C, is made from 
12-mm. Pyrex tubing, and is gradu
ated from 1 to 10 cc. in steps of 1 cc.
The buret bulb hits an additional ca
pacity of 10 cc., perm itting the ac
comm odation of particularly large 
gas samples. T he barom eter, D, is 
made from the  same piece of tubing 
as C, and is provided w ith the over
flow attachm ent, B  (2). The differ
ence of the height of th e  mercury 
columns in C and  D, which represents 
the gas pressure in C, may be read 
accurately from a graduated m irror 
scale set. behind the tubes. A cali
brated therm om eter set close to  C in
dicates the gas tem perature.

The drying tube, F, contains a 
small am ount of Anhydronc, trap  G 
perm its convenient separation of any 
condensable m aterial in the gas 
sample, and tube H  contains Ascar- 
ite, for the absorption of carbon diox
ide and o ther acid gases. T he com
bustion cata lyst tube, J , consists of 
a short section of quartz  capillary 
tubing, connected to  the rest of the 
line through ground quartz to  Pyrex 

1'omts. The capillary contains a 5- 
cm. length of No. 22 platinum  wire, 
and is heated by a small closely fit
ting furnace w ith Alundum core,
Niehrome winding, and asbestos 
lagging. T he presence in  each branch 
of the adsorption train  of a small 
spiral spring made of 4-mm. (out
side diam eter) Pyrex tubing (not 
shown in th e  diagram) prevents any 
strains from developing in  th e  line.

Stopcock 5 gives access to  a 
series of bulbs containing various

1 P resen t address. 12 Oxford St., C am 
bridge 38, M ass.

pure gases and  determ inate gas mixtures, while stopcock 0 leads 
to the line from which the gas sample is to  be collected, and 
thence to th e  evacuating pumps. F o r cases where a  small gas 
sample is to  be collected from a very  large volume it has proved 
advantageous to  precede stopcock 6 w ith a  small volum e and 
a mercury diffusion pum p in th a t order. The diffusion pump 
rapidly concentrates the gas sam ple in the small volume, from 
which it may be readily conveyed to  the buret by the Topler 
pump.

In determ ining the graduations of th e  buret, the 10-cc. m ark 
was determ ined directly, by weighing the m ercury delivered 
through a stopcock tem porarily a ttached  to  the bottom  of the 
buret before the la tte r was sealed in place. The o ther points are 
then  m ost simply determ ined after the buret has been per
m anently  m ounted—e.g., by compressing a  sam ple of gas to 
th e  10-cc. mark, reading tlu- pressure, and then slowly com
pressing it until the new pressure, corrected for any  small fluctua
tions in tem perature, is ju s t 10/9 the former value. The newposi- 
tion  of the m ercury meniscus in the buret now corresponds to 
9 ec., and m ay be marked as such. The o ther buret graduations 
are located in sim ilar fashion. N itrogen is used as the calibra
tion gas and, by occasionally discarding part of the gas sample, 
the pressures are kep t below 200 nun., so th a t no errors due to  
gas im perfection can be introduced.

C alibration by this method is ad
vantageous because the buret is cali
brated after it  has been perm anently 
set in place; and is calibrated in  th e  
same way, and w ith the same pre
cision, as in la ter use. Furtherm ore, 
it is som ewhat simpler to secure 
m arkings corresponding exactly to 
unit num bers of cubic centim eters 
by this m ethod than  by any other 
method.

O P E R A T IO N S  O F  A N A L Y S IS

The dry  gas sample is collected in 
The buret by repeated strokes of the 
Topler pump, and the mercury is 
run up in to  the buret until the; gas 
is compressed to  th a t m ark which 
most nearly corresponds to  a sample 
pressure of 150 mm. T he pressure 
is then determ ined with an  accuracy 
of 0.1 mm., the tem perature  is read to 
the nearest 0.1° C'., and, since the 
probable accuracy of the volume cali
bration is 0.001 cc., it becomes pos
sible to com pute the gas volume under 
standard  conditions with a probable 
accuracy of 0.1% .

This calculation is predicated upon 
the behavior of the sample as a per
fect gas, a  valid assum ption in this 
instance, since it has been shown (!) 
th a t under pressures of 150 mm. 
even a  gas as im perfect as carbon di
oxide behaves relatively ideally. 
Furtherm ore, any volume change 
produced by mixing is of negligible 
m agnitude. M easurem ent a t dim in
ished pressure, as practiced in  this 
mode of analysis, therefore not 
only serves to increase the ef
fective gas volume to  a  readily 
determ inable magnitude, bu t also 
obviates any aberrations due 
to imperfection of the gases in
volved.

505



506 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. 8

Consider now the operations involved in the analysis of a  sample 
containing carbon dioxide, carbon monoxide, m ethane, hydrogen, 
oxygen, and nitrogen. After measurem ent of the to ta l original 
volume, the sample m ust be circulated over the Ascarite to  ab 
sorb the carbon dioxide. To perform this operation th e  analytical 
tra in  is first thoroughly evacuated, and then  shu t off from the 
evacuating pumps. T he gas is w ithdraw n from the buret w ith 
the Topler pump (ordinarily two or three strokes are required to 
em pty the buret completely), and passed into the absorption 
tra in  through the left branch of the three-w ay stopcock, 3, the 
m ercury rising as far as the base of stopcock 3. T o complete 
th e  circulatory cycle, the bulk of the  gas is collected through 
the righ t branch of stopcock 3, by turn ing the stopcock to  the 
appropriate position and  then lowering the m ercury in  the pump. 
To ensure perfectly complete absorption th is cycle m ay be re
peated two or three times. By circulating the gas over the ab
sorbent in th is fashion i t  is possible to  avoid any . danger of 
the dead gas diffusion blocking occasionally encountered in the 
O rsat apparatus. Finally, the residual gas sample is completely 
collected through the right branch of stopcock 3 w ith three or 
four strokes of the Topler pum p, and conveyed back into the 
buret where its  tem perature, pressure, and volume are again 
measured. Recovery of the residual sample is more th an  99.9% 
complete after four strokes of the Topler pump. By invariably 
collecting the residual gas through th e  right branch of cock 3 
any w ater liberated by the Ascarite (or, later, in  the combustion 
of hydrogenous m aterial) is absorbed by the Anhydrone, and the 
gas reaching the  bu re t is always in  a sta te  of uniform  dryness.

To provide a  sm all excess of oxygen for the im pending com
bustion analysis, a  suitable quan tity  of th is gas is draw n from its  
storage bulb w ith th e  T opler pump, and added to  th e  sam ple in 
the buret, whereupon the new volume is m easured. T he dif
ference between th is volume and th a t of the previous measure
m ent represents th e  volume of oxygen added. T he diluted gas 
sam ple is then repeatedly circulated over th e  com bustion cata
lyst, which is m aintained a t  475° C., and the  residual gas is col
lected and remeasured.

T he further operations of the analysis arc carried through 
by the same general procedures as indicated above, and the 
complete analytical scheme is shown below in  outline form. The 
volume, pressure, and tem perature  are measured after each of 
the following operations:

1. Complete collection of original sample
2. Circulation over Ascarite to remove carbon dioxide
3. Addition of oxygen in small excess, for combustion
4. Circulation over platinum  cata lyst a t 450° C. to  burn 

hydrogen and carbon monoxide
5. Circulation over Ascarite to  remove carbon dioxide from 

carbon monoxide combustion
6. Circulation over platinum  cata lyst a t  950° C. to  burn 

m ethane
7. Circulation over Ascarite to  remove carbon dioxide from 

m ethane combustion
8. Addition of hydrogen in small excess, for combustion of 

excess oxygen
9. Circulation over ho t platinum  cata lyst to  burn  excess 

oxygen

All th e  readings of tem perature, pressure, and volume collected 
in the above scheme are converted to  th e  corresponding volumes 
a t  norm al tem perature and pressure. If  the term  vz is m ade to  
refer to  the N .T .P . volume after the æ’th  operation above, then 
the analytical results are given in  th e  following set of formulas. 
I t  will be observed th a t, w ith  th e  exception of oxygen, all the 
components are determ ined from relatively simple, direct 
formulas, and a  relatively high order off accuracy m ay  be ob
tained. T he oxygen content is calculated indirectly and is, 
therefore, subject to  cumulative errors. However, even in  this 
unfavorable case, a  probable accuracy of 0.5%  m ay still be ob
tained.

% C 0 2 volume of C 0 2 _  Vi — v2
100

%CQ
100

to ta l volume

volume of CO 
to ta l volume

Vi — v¡
Vl

volume of C 0 2 after 475 ‘
_______ combustion
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C.

%H?
100

2 /3  (volume of contraction due 
volume of H 2 _  to  H» combustion)
to ta l volume to ta l volume
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100
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% N i
100
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100
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volume of N 2 _  Ascarite passage — residual oxygen) 
to ta l volume ~  to ta l volume
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Vi
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F R A C T IO N A L  C O M B U S T IO N

The fractional combustion on a platinum  cata lyst of hydrogen 
and carbon monoxide in  the presence of m ethane and excess 
oxygen is th e  v ita l step in  th is procedure, for the valid ity  of 
which sufficient evidence is no t to  be found in  the  literature. 
Although fractional combustion on oxide catalysts, especially 
cupric oxide, has long been known and  practiced, i t  does not 
appear to  be expedient if a determ ination of oxygen is in prospect, 
since these “ catalysts” m ay themselves furnish a portion of the 
oxygen used in  the combustion. Therefore, th e  possibility of 
using a. noble m etal cata lyst in  fractional combustion processes 
has been studied.

A som ewhat analogous case has been investigated by R ichardt
(5), using a heated palladium  tube. In  the course of his re
search he noted  th a t  if hydrogen were mixed w ith m ethane, 
combustion of m ethane occurred a t  tem peratures far too low to 
burn i t  when i t  was unmixed w ith hydrogen. T his phenomenon 
was a ttribu ted  to  the  strong heating of the cata lyst by th e  com
bustion of the relatively large quantities of hydrogen present, 
and though th is difficulty has been ra ther generally noted in
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fractional combustion work, i t  is no t to  be anticipated in  the 
present in s tan t in  view of the low pressures of the  gases in
volved.

Because of the cost, fragility, and tendency of a palladium tube 
ca ta ly st to  develop leaks, prelim inary tests were m ade to  dis
cover w hether an entirely enclosed platinum  cata lyst could be 
used for the  fractional combustion. •

In  the first tria l 1 gram  of platinized asbestos, previously 
heated to  redness in air, was packed into the quartz  tube. I t  
was then  found th a t when measured small quantities of oxygen 
were circulated over the catalyst, while th e  la tte r was heated to  
bright redness, 1 to  2%  of th e  sam ple was lost. A second passage 
o f the same gas sample over the cata lyst resulted in a  fu rther loss 
of 1 to  2% , so th a t  the loss cannot be a ttribu ted  to  a combustible 
im purity  in the oxygon, which, moreover, had already been 
trea ted  w ith ho t platinized asbestos during its  purification. Con
sequently, th e  asbestos was discarded in favor of a  small roll of 
platinum  foil. T he oxygen loss was then  reduced to 0.5 %.

The combustion cata lyst tube was then  remodeled along lines 
originally suggested by  H em pel (4), and the combustion catalyst 
consisted of a  5-cm. length of No. 22 platinum  wire inserted in 
the 2-mm. bore of the quartz combustion capillary tube. W ith 
th is cata lyst renewed tests  w ith  small m easured oxygon samples 
revealed a  loss of only 0.1%  when the sample was circulated over 
the  cata lyst a t  475° C., and a loss of 0.2%  when the circulation 
was performed a t  850° C. These losses were accurately repro
ducible, and since they were close to  the limiting experimental 
error, no fu rther a ttem p t to  reduce them  has been made.

The explanation of these oxygen losses, while i t  m ay lie in  a 
trace of copper in the platinum , probably resides in physical 
adsorption or solution of oxygen by  the platinum . Such ab
sorption has been reported by Sieverts (6) as increasing w ith 
rising tem perature, in line w ith the present observations. F u r
thermore, the recovery of such dissolved gas would be extremely 
slow (7), in  line w ith th e  au thor’s experience th a t, after the 
passage of oxygen over th e  catalyst, prolonged evacuation is re
quired before the combustion tube can be pumped flat.

A very small, though unm istakable, loss of oxygen (circa 0.05%) 
when a measured sample of th is gas was circulated through other 
parts  of the line is alm ost certainly attribu tab le  to  reaction of the 
oxygen w ith th e  stopcock grease, especially since a 100% re
covery was always secured when measured quantities of other 
gases were circulated through the line. T he error in  the case of 
oxygen is negligible in any event.

Tem perature, ° C .

Figure 2. Combustion of Methane on a Platinum 
Catalyst

W ith the final form of cata lyst tube  the extent of combustion 
o f methane-oxygen mixtures, as a  function of cata lyst tem pera
ture, was studied. The results shown in Figure 2 represent the 
per cent combustion during a single slow passage through the

cata lyst tube  of a  uniform methane-oxygen m ixture containing 
excess oxygen. I t  is apparen t th a t  a t  475° C. only about 0.1%  
of the  m ethane is burned on passage over the catalyst, y e t a t  this 
tem perature hydrogcn-oxygen and carbon monoxidc-oxygen 
m ixtures were found to  burn  rapidly and completely on the 
catalyst. Consequently, th e  prelim inary d a ta  collected with 
these binary m ixtures strongly indicate the possibility of a  suc
cessful low-pressure fractional combustion on a  platinum  cata
lyst. T h a t such fractionation does occur satisfactorily even for 
m ixtures of all the  combustible components is proved by the 
outcome of control analyses.

Table I. Tests of Synthetic Mixtures

■Analysis T o tal Volume
No. of Sam ple H , CO CH<

Ce. N .T .P % % %
1 1.104 Given 5 5 .7 28 .15 16.15

Found 5 5 .7 2 8 .3 16.0

2 1.031 Given 5 8 .3 31 .1 10 .6
Found 5 8 .0 31 .4 10.6

3 0 .926 G iven 64 .45 30 .1 5 .5
F ound 0 4 .3 30 .3 5 .4

4 1.237 Given 7 9 .3 17.3 3 .5
Found 79 .1 17.5 3 .4 5

5 1.258 Given 52 .9 4 3 .3 3 .8
Found 5 2 .9 43 .3 3 .9

C O N T R O L  A N A L Y S E S

In  preparation for the control trials, several samples of pure 
gases were prepared.

H ydrogen and oxygen were generated in  an  all-glass cell, by 
electrolysis of 10% sulfuric acid between platinized platinum  
electrodes, and purified in identical trains by successive passage 
over fused potassium  hydroxide,. ho t platinized asbestos, fused 
potassium  hydroxide, and phosphorus pentoxide. T he hydrogen 
so prepared assayed 100% pure when burned w ith excess oxygen; 
and the oxygen, when freshly prepared, assayed 100% pure when 
burned w ith excess hydrogen.

D espite th e  original high purity  of th e  oxygen, i t  was found to  
contain small b u t appreciable quantities of volatile, partially  
oxygenated organic compounds after standing for some months 
in  the  storage bulb. T he source of th is m aterial probably lies 
in  the vaseline-rubber (Itam say) grease originally used to  lubri
cate the  bulbs’ stopcocks. A lthough i t  has been known for some 
tim e th a t  oxygen a ttacks such grease (S), th e  form ation of vola
tile reaction products does no t appear to  have been previously 
noted. Considerably better though no t perfect preservation 
was found when the Itam say grease was replaced w ith Apiezon 
M. A nalytical aberrations due to  the progressive contam ina
tion  of the oxygen m ay be avoided by always drawing the oxygen 
in to  th e  analytical tra in  through a liquid air trap  packed w ith 
glass wool; or by preparing a  fresh supply of oxygen about once 
a month.

Carbon monoxide was generated by the action of ho t 85%  
phosphoric acid on 85%  formic acid (8). T he gas was purified by 
passage through a sodium hydroxide scrubber and  over fused 
potassium hydroxide and phosphorus pentoxide. The final 
purity , as assayed by combustion w ith excess oxygen, was 
99.9%. T he trace of im purity  m ay have been due to  slightly 
incomplete removal of dissolved air in the formic acid.

M ethane was prepared by the cautious pyrolysis of an equiv
alen t m ixture of sodium acetate and sodium hydroxide. This 
crude gas was purified by successive passage through a  dust 
trap , a  d ry  ice trap  (for th e  removal of w ater vapor), a  packed 
dry ice trap  containing a good grade of coconut charcoal pre-
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viously outgassed at 500° C. (for the removal of the bulk of the 
ethane and any other m aterials of low volatility), and thence 
into a liquid air trap . There followed ten bulb-to-bulb frac
tional distillations in  which large fore and after fractions were dis
carded. The best fraction finally collected assayed '100%  pure 
on the basis of the volume contraction consequent upon com
bustion w ith excess oxygen, and also on the basis of the carbon 
dioxide produced in such combustion.

Several synthetic test mixtures were made up from the pure 
gas samples and used to  tes t the satisfactory operation of the 
apparatus as a  whole, and the valid ity  of the fractional com-, 
bustion in particular. The results obtained, as shown in Table 
I, were gratifying in both  respects.

A C K N O W L E D G M E N T

I t  is a  pleasure to  acknowledge the continued advice and assist
ance of Gregory P. Baxter in the conduct of this research.

L IT E R A T U R E  C IT ED

(1) Broom, W . K. J . , ./. Soc. Chctn. Ind ., 47, 270T (1928).
(2) Germ ann, A. F . O., J .  A m . Chem. Soc., 36, 2450 (1914).
(3) Germ ann, A. F . O., J . Phys. Chem., 19, 437 (1915).
(4) Hempel, Z. angcw. Chem., 25, 1841 (1912).
(5) R ichardt, Z.anorg. Chem., 38, 05 (1905).
(6) Sicverts, Z. phys. Chem., 60, 1S7 (1907).
(7) Smithells and Ransley, Proc. Roy. Soc., 150A, 172 (1935).
(8) Thompson, J. S., I nd . E no . C hf.m.. 21, 389 (1929).

Determination of Nicotine in the A ir
W IL L IA M  E. M cC O R M IC K 1 a n d  M A X IN E  SM ITH  

Division of Industrial Hygiene, North Carolina State Board of Health, Raleigh, N. C.

A  method for detemining nicotine in the air, existing either in the 
form of tobacco dust or as free vapor, has been outlined. The 
method consists of collecting the dust or vapor by means of an 
impinger, freeing the nicotine (in the case of dust) by alkalizing, 
developing a characteristic color with (i-naphthylamine and cyanogen 
bromide in the presence of acetate, and suitably measuring the

intensity of the color so produced. Optimum conditions of pH, 
temperature, time of development, concentration, and volume of 
reagents were determined. Data are also given on the extent of 
potential interfering compounds. A  minimum concentration of 
0.25 microgram of nicotine per milliliter of solution can be deter
mined by the method outlined with a cell depth of 2 cm.

A  SEARCH of the literature reveals the absence of any .satis
factory m ethod for the determ ination of nicotine in the 

air. In  order properly to evaluate either existing or potential 
health hazards in  industrial establishments, where workers are 
exposed to  either nicotine vapors or tobacco dust, th is determ i
nation is necessary. Moskalev (13) has published a m ethod which 
involves a  differential titra tio n  using a m ixture of indicators, pre
ceded by lengthy removal of interfering substances and steam - 
distillation. .W hen dealing w ith small quantities of either nico
tine or dust and w ith numerous samples—conditions usually 
encountered in industrial hygiene investigations—the need for 
a  more satisfactory m ethod of determ ination is obvious.

.N icotine produces a colorimetric reaction w ith cyanogen bro
mide in the presence of an arom atic amine. König (7) first ob
served the reaction, which has since been utilized by B arta  and 
Marschek (3) and by M arkwood (11) for th e  determ ination of 
nicotine in  tobacco leaf. It was felt t hat t he m ethod as developed 
by Markwood (9, 10) held promise for industrial hygiene work, 
and with some modifications could be made to yield satisfactory 
results.

Nicotine m ay exist in the air in the form of th e  vapor itself, or 
as the chief alkaloid of tobacco dust. In  either case, it can be 
satisfactorily collected by the impinger. T his device has been 
described by Bloomfield and DallaValle (4), Jacobs (6), and 
others. In  its use by the authors for nicotine, distilled w ater 
was used as the collecting liquid.

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

Im pinger. S tandard  Pyrex all-glass graduated model as de
scribed by DallaValle (6) and sold commercially by laboratory 
supply houses. A source of suction, with a  suitable flow-measur
ing device, to  operate the impinger at a rate of flow of 1 cubic foot 
per m inute is needed.

C en trifug e . Any commercial model on which 15-nrl. tubes 
can be used and which can be operated a t  3000 r.p.m . is sa tis
factory.

Spectrophotometer (or photoelectric colorimeter). Any 
commercial model on which the m easurem ent can be satisfac
torily made-at 490 mg w ith necessary cells (or tubes) and other 
accessories. In t his investigation an Evelyn photoelectric colorim-

1 P resen t address, D ivision of In d u stria l H ygiene, Georgia D ep artm en t of 
Pub lic  H ealth , A tlan ta , Ga.

eter (Rubicon Go., Philadelphia, Pa.) was used for all readings 
except the S-T data , which were obtained on a  Coleman spectro
photom eter, M odel 11.

Centrifuge T ubes, 15-rnl. Pyrex, graduated in  0.1 ml.
C hemical G lassware. G raduated  pipcts, 1-, 5-, 10-ml. 

sizes, all graduated in 0.1 m l.; volum etric flasks and reagent 
bottles.

M icroburet.
C yanogen Bromide. Six gram s of reagent grade cyanogen 

bromide (Eastm an No. 919) dissolved in each 100 ml. of 95% 
(redistilled) ethy l alcohol.

Caution. The vapors of cyanogen brom ide are extremely ir
rita ting  and toxic and should no t be inhaled. The solid reagent 
readily vaporizes a t  room tem perature. I t  should therefore be 
thoroughly cooled in the refrigerator before being dissolved, and 
t he .weighing and dissolving should be done under an exhaust 
hood. The solution keeps well in  a dark bottle a t  room tem
perature, but for use it  is desirable th a t it be cold. It is there
fore recommended th a t it  be kep t in the refrigerator. W hen so 
stored, it keeps alm ost indefinitely.

/3-Naphthylamine. Reagent grade ¡8-naphthylamine (O.fi 
gram) dissolved in each 100 ml. of 95%  (redistilled) ethyl alcohol. 
The solution should be stored in a dark bo ttle  and  kep t in the 
refrigerator to  ensure its  being a t  a  constant cold tem perature 
prior to use.

Sodium H ydroxide, 30%  solution. T h irty  grams of sodium 
hydroxide per 100 ml. of distilled water.

Acetic Acid. T wo aqueous solutions: 1 to  20 and  1 to 2000. 
made by diluting glacial acetic acid.

Alcoholic P otassium Acetate. Two grams of the salt dis
solved in 100 ml. of 95%  (redistilled) e thy l alcohol. This solution 
should be kep t in (lie refrigerator to ensure its being at a  constant 
cold tem perature prior to use.

Phenolpiithalein  I ndicator. Usual 0.04%  alcoholic sol i- 
tion.

Standard N icotine . An accurately weighed portion (20 to 
25 mg.) of reagent grade nicotine (E astm an No. 1242) is sealed 
into a  small thin-walled glass bulb. This is broken under w ater 
into a  50-ml. glass-stoppered flask, th e  volume of w ater being equal 
in milliliters to  th e  weight of nicotine in milligrams. Thus, 1 ml. 
of this solution contains 1 mg. of nicotine. T he required volume 
of w ater is accurately added from a graduated p ipet or buret, 
with the last few drops rinsing the stirring rod used for breaking 
the bulb. T en milliliters of th is solution are m ade up to  500 ml. 
w ith distilled w ater in  a 500-ml. glass-stoppered volum etric 
flask. T his final solution contains 20 micrograms of nicotine per 
milliliter and is used for preparing th e  standards. B oth solutions 
will keep for some tim e (at least 2 m onths) in the  dark without 
any noticeable depreciation in strength.

Distilled  W ater (adjusted pH ). For making up to volume 
the standards used in preparing the calibration curve, distilled
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w ater should be neutralized (with potassium hydroxide and 
acetic acid) ju s t to the disappearance of the phenolphthalein 
end point, thus ensuring pH  of the standard  solutions w ithin the 
proper range.

P R O C E D U R E

T he contam inated air is draw n through the impinger in the 
usual m anner a t  a  ra te  of 1 cubic foot per m inute. T he volume of 
a ir sampled should be such th a t the to tal q u an tity  of nicotine 
collected is a t least 50 micrograms. If protected from light, the 
field samples can be kept for several days wit hout any  noticeable 
deterioration in nicotine content.

Sufficient distilled w ater is added to the im pinger to  bring the 
total volume to the 100-ml. m ark. After thorough shaking, a 
10 to 11-ml. aliquot is removed to  a graduated (15-ml.) centri
fuge tube. T he exact volume of the aliquot is noted, 0.1 ml. of 
50% sodium hydroxide is added, and the tube is stoppered and 
occasionally shaken during a  10- to  15-minute period. The alkali 
releases free nicotine from the tobacco dust. (If free nicotine 
vapor is being determ ined, th is step can be eliminated. The 
solution should, however, be carefully neutralized and centri
fuged as described below.) A t the end of th a t tim e, 2 drops of 
phenolphthalein indicator are added and the solution is care
fully neutralized w ith acetic acid to  the disappearance of any 
pink color. The neutralization is accomplished w ith  the 1 to 20 
solution un til the  end point is approached and then  carefully com
pleted w ith the 1 to 2000 solution, using a  sm all-bore pipet. An 
excess of acid m ust be avoided. The volume is read accurately 
to the nearest 0.1 ml. T he tube is then  centrifuged for a t  least 
20 m inutes a t  approxim ately 3000 r.p.m. .At the end of this tim e 
all the suspended dust should be deposited in the bottom  of the 
tube. I f  not, additional centrifuging is necessary.

E xactly 10 ml. are carefully p ipetted  from the centrifuge tube 
and transferred to  the colorimeter tube. The volume in the cen
trifuge tube should bo a t  least 11 ml. for ease of rem oval of the 
aliquot. Two milliliters of the alcoholic potassium  acetate solu
tion and 4 ml. of the (3-naphthylamine reagent are added. The 
tube is shaken to ensure thorough mixing, the transmission meas
ured (to correct for any  color resulting from th e  tobacco as tie- 
scribed below), and 1 ml. of the  cyanogen brom ide solution 
added. The tube is again  thoroughly shaken and then placed 
in the dark for developm ent of the color for 30 m inutes at, 22° to 
28° C. In  order to minimize tem perature variations and to ob
tain  uniform results, the  potassium  acetate, (3-naphthylamine, 
and cyanogen brom ide reagents should be cooled to  some con
stant tem perat ure, say a ° C., and used a t this tem perature. The 
cooling is also desirable to  reduce the heat of dilution which re
sults upon mixing. The light, transm ission is then  measured on a 
photoelectric colorimeter or spectrophotom eter a t  490 m u  and 
the nicotine determ ined by referring the reading obtained to a 
previously prepared calibration curve of micrograms of nicotine 
vs. galvanom eter readings. A blank tube, containing 10 ml. of 
distilled w ater and  th e  same volum e of all the  reagents as used 
in th e  unknown, is used to  obtain  the 100% transm ission read
ing.

The to ta l quan tity  of nicotine in the im pinger is calculated 
from the formula:

_  lOyTA

where y r  — micrograms of nicot ine in impinger
7 = micrograms of nicotine in 10-ml. aliquot as read

from curve
Vi — volume (ml.) of aliquot removed from im pinger for 

' analysis
V» =  volume (ml.) a fter final neutralization

If_-the colorimeter or spectrophotom eter employed utilizes a 
transmission cell inadequate in  size to accom modate mixing the 
above volumes of sam ple and reagents, the solutions can be 
mixed and developed in suitable volum etric flasks and then 
transferred to  the instrum ent cell for transm ission measurement.

P r e p a r a t io n  o r  C a l ib r a t io n  C u r v e . T he curve against 
which the sam ples are referred for determ ination of nicotine con
tent is prepared in  the custom ary m anner by adding to four 
colorimeter tubes 0.25, 0.5, 1.0, and 2.0 ml., respectively, of the 
standard nicotine solution. This corresponds to nicotine con
ten ts of 5, 10, 20, and 40 micrograms. A m icroburet should be 
used for th e  measurem ent. A sufficient quan tity  of the distilled 
water, whose pH  has been adjusted  as described above, is added 
to make up each to  a to ta l of 10 ml. T he reagents and the de
velopm ent of color are identical to  those already described for 
the samples. T he transmission readings are plotted on the

Figure 1. Time and Temperature Effects on Color Intensity

logarithmic axis vs. the nicotine content, in micrograms, on the 
arithm etic axis of semilogarithmic graph paper. A straight lino 
should result.

V A R IA B L E S  D E T E R M IN IN G  C O L O R  D E V E L O P M E N T

Markwood (JO) has investigated thoroughly the quan tita tive  
characteristics qf th is  color reaction, and his investigations have 
formed the basis of the au thors’ work. In  several cases, however, 
they have been able to obtain increased sensitivity and more 
consistent results by changing bo th  the concentration and the 
order of the addition of some or all of the reagents. The results 
of their investigations into the several variables and the deter
mination of the optim um  conditions entering into the chromogen 
formation, are described below.

T e m p e r a t u r e  a n d  D e v e l o p m e n t  T i m e . The effect of tem 
perature and tim e of developm ent was investigated by using a 
scries Of eight, solutions, all containing 40 micrograms of nicotine 
in 10 ml. of distilled w ater, and all developed as outlined in the 
Procedure. The environm ental tem perature at which develop
ment, occurred was varied by using either small w ater ba ths or 
heated cabinets. The actual tem perature Of the  solution itself 
is determ ined no t only by th e  environm ental tem perature bu t 
by the tem perature of the reagents. Accordingly, four of the 
solutions were developed w ith reagents taken  directly from a  re
frigerator kept a t  a  tem perature of 5° C., while the remaining 
four were developed w ith reagents at room tem perature  (28° C.). 
T he tem perature  of each solution was checked a t 15-minute in
tervals as the color developm ent proceeded and  the mean of these 
values is given on each curve in Figure 1. T he transmission was 
also read a t  15-minute intervals, and  the results are shown 
graphically in the figure, w ith  tim e of developm ent p lo tted  
against transmission readings (% ).

The curve corresponding to  the tem perature of 15.7° C. was 
obtained by developm ent in the refrigerator (5° C.). The solu
tion became turbid, owing to  salt crystallization a t this tem pera
ture. W ith th e  exception of th is curve, the rem aining da ta  indi
cate that the tim e required for maximum intensity  of color in
creases m arkedly as the tem perature becomes lower and vice 
versa, and th a t the intensity  is more greatly  affected by tem pera
ture changes as the tim e of developm ent proceeds. T his is es
pecially true  after 30 minutes. For this reason, because the 
point of maximum intensity  approxim ates 25 to 30 minutes, 
depending upon the tem perature, and finally because the In te r
ference from nornicotinc is relatively small a t  the end of this 
tim e, 30 m inutes was selected as the proper tim e of development. 
By keeping the reagents a t  a  constant tem perature in  the re
frigerator, less variation results in the intensity  readings, and
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w ith an  environm ental tem perature of 22° to  28° C. reasonably 
consistent results can be obtained. I f  the reagents are not 
cooled prior to use, sufficient hea t of dilution results upon mixing 
the alcoholic and w ater solutions to  cause an  im m ediate tem 
perature rise w ith much more rapid fading of color.

pH  o p  S o l u t i o n . M arkwood (10) found an  optim um  pH  of 
10 for his solutions, bu t a satisfactory pH  a t  th e  phenolphthalein 
end point (pH approxim ately 8). T he authors investigated the 
effect of varying th e  pH  of th e  solution (before addition of the 
/3-naphtliylamine and cyanogen bromide) upon the color de
velopment. The results are shown in Table I.

Table I. Effect of pH  on Color Intensity
p H T ransm ission p H Transm ission, %

5 .7 14.0 7 .4 11 .3
5 .7 14.3 7 .4 11 .3
6 .8 11.3 9 .1 11.3
6 .8 11 .0 9 .1 11 .0

These d a ta  were procured prior to  th e  establishm ent of the 
final procedure, and differ from i t  only in  th a t 5 ml. of /3-naphthyl- 
aminc instead of the finally adopted 4 ml. were used. All the 
samples contained 80 micrograms of nicotine in  10 ml. of distilled 
w ater. Following the addition of the acetate solution, thé 
pH  was varied by using a  few drops of very dilute potassium  hy
droxide and acetic acid and measuring the pH  w ith a  glass elec
trode potentiom eter. The color was developed w ith /3-naphthyl- 
amine and  cyanogen bromide and read in  the usual manner. 
The results indicate no m easurable difference in  color intensity 
over the range 6.8 to  9.1 and satisfactory neutralization to  the 
phenolphthalein end point. An excess of acid, however, de
creases the in tensity  of color.

A c e t a t e  C o n c e n t r a t io n . M arkwood (10) reported th a t the 
presence of acetate m arkedly intensified the color, while the pres
ence of either chloride or sulfate decreased it. These same 
facts were confirmed by the authors.. In  some prelim inary ex
perim ents they  observed th a t  ta r tra te  ion will also intensify the 
color, b u t to  a losser extent than , acetate. T hey observed no 
measurable difference in  results when using either sodium or 
potassium acetate, b u t adopted the potassium  sa lt because of its 
greater solubility in  alcohol. T he need for the alcoholic solu
tion is discussed below.

T he effect of varying th e  acetate  concentration on color in
tensity  is shown in T able II . All samples contained 40 micro- 
gram s of nicotine in 10 ml. of distilled w ater, and 2 ml. of alcoholic 
potassium acetate of the indicated concentration. T hey  were 
developed as outlined in the Procedure.

of 2%  solution were adopted as the final acetate  concentration 
to  be used.

S e q u e n c e  o f  A d d i t i o n  o f  R e a g e n t s . In  the in itia l phase 
of th is investigation, the cyanogen brom ide solution was added 
prior to  the /3-naphthylamine, b u t i t  was impossible to  obtain 
consistent results. T he reason for th is inconsistency could not 
be determ ined un til quite by chance the order of adding these 
reagents was reversed; reproducible results could then  be ob
tained readily. T he tim e elapsing between the addition of the 
cyanogen bromide and |3-naphthylamine solutions, when th is was 
the order of addition, was an  inverse function of the  color in 
tensity  obtained, the greatest in tensity  being obtained w ith the 
least elapsed tim e between the additions. No quan tita tive  study 
was m ade of this, inasm uch as i t  was found th a t the difficulty 
could be overcome by merely reversing the order in which the two 
reagents were added to  the  solution. Sometime after observing 
this, the au thors’ a tten tion  was called to the work of Lam b (8) 
w ith nicotinic acid in  which he found, when using cyanogen 
brom ide and aniline as reagents, th a t consistent results were 
obtained only if the  aniline was added prior to  the  cyanogen bro
mide. H is results differ from th e  au thors’, however, in  th a t  he 
found th e  color intensity  increasing as th e  elapsed tim e increased, 
when adding the cyanogen brom ide before the aniline.

I t  is im portant, therefore, th a t  in  all cases th e  jS-naphthylamine. 
solution be added prior to  the cyanogen bromide.

Table III. Effect of /3-Naphthylamine and Cyanogen Bromide 
Concentrations on Color Intensity

.-----------------------------T ransm ission , P e r C e n t -

C N B r, M l.

0 .3 %
/3-naphthylam ine

0.6%
t-naphthylam ine

0 .9 %  .
/3-naphthylam m e

1 (8%)

4 ml. 5 ml. 4 ml. 5 ml. 4 ml. 5 ml.

5 0 .0 5 0 .0 53 .5 6 0 .0 T urb id G4.0
3 0 .8 33 .3 2 8 .8 3 1 .0 T urb id 3 6 .3
3 1 .3 3 1 .3 2 5 .0 28 .3 T urb id 3 0 .8
3 6 .5 3 4 .5 3 0 .0 3 2 .3 T urb id 3 2 .0

C o n c e n t r a t io n s  a n d  V o l u m e s  o f  C y a n o g e n  B r o m id e  a n d  
/3 -N a p h t h y l a m i n e . T he concentrations of bo th  cyanogen bro
mide and jS-naphthylamine were believed to  influence the in
tensity  of color. Likewise, the  final volume of solution déter
mines inversely the  concentration of chromogen. T he use of a 
10-ml. ah'quot of sample appeared to  be m ost logical from  the 
standpoint of representative sampling, sensitivity, and su it
ability  for centrifuge tubes. A minim um  volum e of aliquot was 
desired, inasm uch as additional determ inations were frequently 
required on the  same im pinger sample. Accordingly th e  effects of 
varying th e  concentrations of both  cyanogen brom ide and /3- 
naphthylam ine, and  th e  volume of th e  la tte r, were studied, with 
th e  results shown in Table II I .

Table II. Effect of Acetate Concentration on Color Intensity

Sam ple C oncen tra tion  of
K C jH jOi 

C oncen tra tion  in
No. K C tH iO i Used F ina l Volume T ransm ission

% G ./100 ml. %
1 0 0 4 5 .0
2 0 .5 0 .0 6 3 9 .0
3 1 .0 0 .1 2 3 1 .0
4 2 .0 0 .24 2 7 .0
5 •1.0 0 .4 7 3 1 .0

T he maxim um  intensity  occurring a t  or near a concentration 
of 0.24 gram  per 100 ml. agrees w ith M arkwood’s value (10) 
(sodium acetate) of 0.2 gram  per 100 ml. Additional deter
m inations in  the 0.25 region m ight shift th e  value somewhat 
either way, b u t th e  sm all difference in  in tensity  observed between 
the 0.12 and  0.47 values did n o t w arran t these. Hence 2 ml.

W A V C L M C T H  ( M I L L I M I C R O N S )

Figure 2. Spectral Transmission Curve for 
Nicotine
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M ICfiOGRAM S N ICO TIN E (O R  NORNICOTINE)

Figure 3, Interference of Nornicotine

All the previously mentioned solutions contained 40 micro
grams of nicotine in  10 ml. of distilled w ater (the pH  of which 
had been adjusted as described under Procedure to  the phenol- 
phthalein end point), 1 ml. of alcoholic potassium  acetate  re
agent, and the indicated volumes of d-naphthylam ine and cyano
gen bromide. In  all cases the percentage concentration refers 
to the weight of th e  amine in  grams, equal to  the indicated per
centage, dissolved in  100 ml. of 95%  ethyl alcohol. T he colors 
were developed in the usual m anner as outlined in  the Procedure.

An inspection of Table I I I  reveals th a t the maximum intensity  
of color results from th e  use of 1 ml. of 6%  cyanogen bromide 
and 4 ml. of 0.6%  6-naphthylam ine w ith th e  volume of aliquot 
used (10 m l.). M arkwood (9 , 10) used a  cyanogen brom ide 
solution approxim ating 0.8%  and a /S-naphthylamine solution of 
0.2% . T he da ta  in  T able I I I  show the concentrations recom
mended by the authors to  be considerably b e tte r for obtaining 
increased intensity . M inim um  nicotine concentrations of 0.25 
microgram per ml. can be estim ated w ith a  light transm ission 
path of 2 cm. (7/ s inch tes t tube). This is believed to  be the 
most sensitive means ye t developed for determ ining nicotine. 
M arkwood’s (9) m inim um  value, although numerically the same 
as the authors’, was a tta ined  w ith  a  m uch greater thickness 
(10 cm.) of liquid layer.

In  the initial’ phases of th is investigation, i t  was observed th a t 
turb id ity  of the samples depended no t only upon the reagent 
concentrations b u t upon the final alcoholic concentration and 
final volume of the  solution, w ith  increasing alcoholic concen
trations and  to ta l volumes decreasing the tu rb id ity . Accordingly, 
in order to  keep the  final volume to a  m inim um  and to  prevent 
turbidity , alcoholic ra th e r than  aqueous reagents were used. 
Even w ith the volumes of reagents finally standardized upon, 
turb id ity  will result upon several hours’ standing. The 4-ml. 
(9-naphthylamine and  the 2-ml. potassium  acetate  volumes are 
the minim um which can be used to  prevent tu rb id ity .

S P E C T R A L  T R A N S M IS S IO N  D A T A  F O R  N IC O T IN E

The usual type of S-T  (spectral wave lengttras. per cent trans
mission) curve was determined, w ith the results shown in  Figure

Table IV . Effect of Insecticides on Color Intensity
Insecticide %  T ransm ission

N one (n ico tineon ly ) 28 .3
B ordeaux m ixture  28 .5
L im e-sulfur 27 .5
Lead a rsen a te  2 8 .0
C ryolite  27 .5
P aris  green 28 .5
Calcium  a rsena te  2 7 .8

2. A Coleman Model 11 U niversal spectrophotom eter was used 
for making the determ inations. The curve shows a  m inim al 
transmission a t  a wave length of 480 to  490 mp.

IN T E R F E R IN G  S U B S T A N C E S

Interfering substances of in terest in  th is investigation were the 
various insecticides used on tobacco plan ts and nornicotine. 
The la tte r compound is an  alkaloid—similar in  m any respects 
to  nicotine— found in varying degrees in tobacco. Markwood 
(11, 12) has reported i t  to  be the predom inating alkaloid in  cer
ta in  types of tobacco. Accordingly, the extent to  which i t  and 
the various insecticides interfered in  the m ethod of analysis was 
determined.

Figure 4. Effect of Developmental Time on Nornicotine 
Color

T he insecticides used were lead arsenate, calcium arsenate, 
cryolite (synthetic), lime-sulfur, Paris green, and  Bordeaux mix
ture. All were of the commercial grade norm ally sold for insecti
cidal uses. T he nornicotine was from a sam ple of the pure alka
loid obtained from the Bureau of Entom ology and P lan t Q uaran
tine, U. S. D epartm en t of Agriculture, and  was predom inantly 
the ¡-stereoisomer. E xcept for th e  varying tim es as noted, all 
results were obtained by developing the solutions as outlined in  
the Procedure. In  the  case of nornicotine, transmission curves 
of per cent transmission vs. concentration (micrograms) were 
determ ined for solutions containing only nornicotine, in  am ounts 
from 5 to  50 micrograms, and for solutions containing both 
nicotine and nornicotine, each in  am ounts from 5 to 50 micro
grams. T he results are shown in Figure 3 in  comparison w ith 
a  sim ilar curve for solutions containing only nicotine. All these 
results were obtained by reading the transmissions a t  the  end 
of 30 m inutes’ developm ent time.
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T he nornicotine color fades very rapidly. This is shown in the 
curve of Figure 4 where th e  transmission vs. tim e of develop
m ent of a  solution containing 40 micrograms of nornicotine is 
plotted.

This curve shows clearly th a t by choosing a  proper tim e of 
developm ent, .the interference produced by nornicotine can be 
alm ost completely eliminated. By reading the transmission a t  the 
end of 30 m inutes’ developm ent (the optim um  tim e for nicotine), 
the results will be approxim ately 10 to  12% high when the two 
alkaloids are present in equal am ounts (sec Figure 3).

The results of Table IV  are the average of duplicate samples, 
all developed for 30 m inutes in the usual manner. All samples 
contained 40 micrograms of the indicated insecticide and 40 
micrograins of nicot inc.

T he results show no significant difference in any of the solutions. 
They are similar to  those obtained by M arkwood in his insecti
cide m ethod, except th a t he found a  significant interference re
sulting from lime-sulfur.

D IS C U S S IO N  A N D  N O T E S

E x t r a c t io n  o f  N i c o t i n e . T he standard  A.O.A.C. method
(I) of determ ining nicotine in tobacco leaf involves a  stcam-dis- 
tillation of the nicotine from alkaline solution, followed by 
gravim etric determ ination w ith silicotungstic acid. In  order 
to dispense w ith the stcam -distillation procedure, the possibility 
of extracting th e  nicotine from tobacco dust by merely alkalizing 
the aqueous suspensions was investigated.

Samples of settled atm ospheric dust collected from tobacco 
stem m ing p lan ts were used. T he dust was sieved through a 
150-mesh screen, w ith that portion passing through being used 
for analysis. Sim ultaneous determ inations of the nicotine con
ten t of screened sample were made by the modified steam-dis- 
tillation technique of Avons and Pearce (2), and  by alkaline and 
w ater extractions as noted in T able V. T he extractions were 
m ade by simply adding either the alkaline or w ater solutions to  a 
15-ml. centrifuge tube containing a  weighed quan tity  of the dust, 
allowing it to stand  w ith occasional shaking for approxim ately 
10 minutes, then centrifuging, neutralizing, and developing the 
color as described in the Procedure.

In  the case of the steam -distillation, the distillate was care
fully neutralized to  t he phenolphthalein end point w ith potassium 
hydroxide, a  suitable aliquot taken, and  the nicotine color 
developed in the usual manner.

Inasm uch as the distillate was collected in dilute hydrochloric 
acid, a  separate calibration curve, in which the standards con
tained the same quan tity  of potassium chloride as the steam - 
distillate aliquots, was prepared for reading the nicotine content.

’ To ensure complete nicotine evolution, 250 ml. of distillate were 
collected instead of the 100 ml. as suggested by Avens and Pearce
(2). By doing this th e  authors were able to evolve and collect 
in the 250 ml. 9S to 99%  of the to ta l nicotine in th e  sample, as 
shown by the  analysis of successive 100-ml. portions of distillate. 
The w ater used for the w ater extractions had been adjusted  to 
the phenolphthalein end point prior to  th e  extraction.

These results indicate th a t the alkaline extraction method is 
approxim ately 95%  as efficient as the steam -distillation procedure 
on atm ospheric tobacco dust. T his is certainly satisfactory for 
field determ ination.

V o l a t il iz a t io n  o f  N i c o t in e  b y  A e r a t i o n . T o determ ine 
w hether any appreciable loss of nicotine occurs by volatilization 
by  continuous bubbling of a ir through the solution, such as 
occurs in the impinger, four impingers were made up w ith an 
aqueous nicotine solution (1 mg. of nicotine in 100 ml. of w ater 
in each), and room air was draw n through each for 30 m inutes 
at a  ra te  of 1 cubic foot per m inute. The average loss of nicotine 
of all four was 1.5%.

C o r r e c t i o n  F o r  C o l o r  f r o m  T o b a c c o . If  the tobacco dust 
concentration is appreciable, a  yellow to light brown coloration 
will result w ith the alkaline extraction. A  correction for this 
m ust be made before developing the nicotine color. This can be

done by reading the transmission ju s t prior to the addition of the 
cyanogen bromide reagent and making the necessary correction 
by using the L-G (chromogen concentration vs. galvanom eter 
reading) table accom panying the colorimeter.

I t  should be remembered th a t  the volume of the solution 
changes from 10 to 17 ml. upon the addition of the cyanogen 
bromide. T his increase in volume m ust be taken into account 
when making the correction.

Table V . Efficiency of Various Methods of Nicotine 
Extraction

Sam ple
No. M ethod

Steam  distillation  
^Vatcr ex traction  
0 .0 5 %  N aO H  extraction  
0 .1 0 %  N aO H  extraction  
0 .3 0 %  N aO H  extraction

S team  distillation  
W ater ex traction  
0 .0 5 %  N aO H  ex traction  
0 .1 0 %  N aO H  extraction  
0 .3 0 %  N aO H  ex traction

S team  distillation  
W ater ex traction  
0 .0 5 %  N aO H  extraction  
0 .1 0 %  N aO H  extraction  
0 .3 0 %  N aO H  ex traction

S N icotine per %  N icotine
ram  Sam ple Recovered (S team  

of D ust D istilla tion  =  100%)

3695
3005
3400
3380
3540

3787
2970
3600
3420
3420

2890
2200
2820
3010
2880

100
81 .3
9 2 .0  
9 1 .5  
9 5 .7

100
78.4
9 5 .2
9 0 .2
9 0 .2

100
76 .3
9 7 .5

104.0
9 9 .0

A verage %  nicotine recovery

W ater ex traction  
0 .0 5 %  N aOH  
0 .1 0 %  N aO H  
0 .3 0 %  N aO H

78 .7  
94 .9
95.2
95 .2
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Nitrogen Determination by the Micro-Dumas Method
Improvements in A p p a ra tu s

E R V IN  STEHR, The Texas Company, Research Laboratory, Beacon, N . Y.

Improvements in apparatus for the Dumas nitrogen microdetermina
tion are described. The original microazotometer of Pregl has been 
modified by replacing the top stopcock with a ball and socket 
valve, which requires no lubricant for its operation. Elimination 
of the tapered surface of contact prevents freezing by the potassium 
hydroxide and the absence of lubricant precludes errors due to 
contamination from that source. Pure carbon dioxide for the 
analysis is produced from dry ice in a modified Hershberg and 
Wellwood generator. Precise control over combustion of sample 
is effected by a specially designed chimney for the movable burner.

T H E  extensive use of Pregl’s (•■;) .m icro-Dumas m ethod for 
determ ining nitrogen in th is laboratory  has led to  several 

im provem ents in the original equipm ent. These changes include 
use of a  specially designed azotom eter w ith ball and socket valve 
to replace th e  stopcock-type azotom eter, a  carbon dioxide genera
to r utilizing solid carbon dioxide as the source of gas, and a 
special lam p chimney for use in connection w ith the movable 
burner. For heating the perm anent filling of the combustion 
tube, a  standard  electric microfurnace has been found desirable. 
A photograph of the assembled equipm ent is shown in f ig u re  1.

M IC R O A Z O T O M E T E R

The standard  Pregl-type azotom eter (6') with stopcock a t  the 
top of the graduated  column introduces errors in the analysis for 
the following reasons:

L ubricant from the stopcock gets down into the graduated 
column and sticks to  the walls, causing incorrect volume read
ings. T his is due no t only to  the bulk of the lubricant itself 
bu t also to  the lubricant’s preventing free drainage of the potas
sium hydroxide from the walls of the column.

T he potassium  hydroxide a ttacks the walls of the stopcock, 
causing it  to  stick and eventually to leak.

W ith the excep
tion of m ethods by 
which the quan tity  
of nitrogen is de ter
mined indirectly by 
weighing displaced 
m ercury (1) or 
w a te r  (2), few  
m ajor changes have 
been m ade in the 
original azotom eter 
introduced by Pregl
(5). M ilner and 
Sherm an (4) de
scribe an azotom eter 
designed w ithout a 
stopcock a t  the top 
of the graduated 
column. I t  consists 
of a  cup arrange
m ent a ttached  to 
th e  to p  of th e  
graduated column 
w ith a  glass rod 
ground into the azo- 
to m e te r  tu b e .
Ceresin is applied

to the ground surface to p revent sticking. This apparatus, al
though superior to  the original design of Pregl, still has the dis
advantages inherent in those requiring wax or grease on the ground 
jo in t to  prevent freezing.

By replacing the top  stopcock of th e  Pregl azotom eter w ith a 
vertical ball and socket valve, a  n itrom eter has been devised 
which elim inates all th e  d isadvantages of the stopcock-typo clo
sure and operates w ithout th e  use of wax or lubricant o ther th an  
the potassium  hydroxide itself.

The spherical surface of contact favors separation, and freezing 
by the alkali does no t take  place, owing to  the absence of th e  
wedging action inherent in tapered type  closures. T he ball 
and socket valve, which is completely immersed in the  alkali, 
allows the entire surface of contac t to bo w et evenly w ith the 
alkali and channeling is prevented. This is no t the case 
w ith the stopcock-type arrangem ent, since the plug of the la tte r  
is w et by the alkali only along th a t  portion of its  surface which 
traverses the openings to  the graduated  column below and the 
funnel above. T he corrosion th u s localized in th a t  section causes 
leakage after the azotom eter has been in use for an extended 
period of time.

The error in volume caused by corrosion of a ball and socket 
closure would, theoretically, be less th an  th a t of the vertical 
tapered stopper arrangem ent of M ilner and Sherm an; in the 
case of the spherical jo in t, the res t position of the  ball would 
change only to  the ex ten t of the depth of corrosion, since the  
effective surface of contac t is practically  horizontal, whereas 
with the tapered stopper arrangem ent th e  surface of contact 
is alm ost vertical and a  sm all am ount of corrosion would cause a 
relatively large change in the res t position of the  stopper.

T he closed bulb arrangem ent above tin; opening a t  the top 
of the g raduated  column instead  of the open funnel (<?) o r cup
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Tabic I. Reliability of Azotometer after Extended Service, as 
Shown by Analysis of Pure Acetanilide

Poriod of Service 
of A zotom eter a t  

T im e of T est
In itia l
Ten m onths la te r

Found
N itrogen C onten t,

10 .38
10.41

10.43
10.37

%
C alculated

10.36
10.36

(4) elim inates spilling or d u st contam ination of the potassium  
hydroxide.

Pyrex has been used in  fabricating th e  azotom eter, since i t  has 
shown m uch greater resistance to  th e  action of alkali th an  soda 
glass.

T able I  gives results of th e  analysis of a  sam ple of pure acet
anilide carried ou t when the  azotom eter was initially  p u t into 
sorvico and after approxim ately 10 m onths of continuous use 
which the instrum ent had  had a t  the  tim e th is paper was sub
m itted  for publication. T he close agreem ent of these values shows 
th a t  the instrum ent does n o t lose its  reliability  after extensive 
service. T he azotom eter also showed no m easurable leakage 
when tested  after th e  10-month period of service. T he au thor's  
experience w ith  th e  conventional azotom eter indicates th e  la tte r 
to have a much sm aller average leakproof period of operation.

Tho upper section of the new azotom eter, shown in Figure 2, 
consists of a plunger actuated  by a loosely fitted spring of No. 
21-gage music steel wire, approxim ately fifteen tu rns in length. 
T his spring is held in  place by two stainless steel sleeves of 5-mm. 
length, one of which presses against a shoulder on the plunger, 
the o ther against the constricted top of the spring housing. The 
spring housing is held in place by sealing its  standard-taper jo in t 
in to  th a t  of the azotom eter proper w ith K ronig’s cement. W hen 
necessary, the apparatus can easily be disassembled for cleaning,

B

L j

APPROX 65MM.

I3.MM, HOLES

G LA SS 
CO M B U STIO N  TUBE

I ! I I I I I I I
SECTION A -A

Figure 3. Movable Burner Chimney

by simply reheating the cemented joint. T he opening in the top 
of the graduated  column is 2.4 to  2.6 mm. in  d iam eter and tapers 
gradually to  the inside diam eter (3.3 to  3.6 mm.) of the gradu
ated  column.

W hen designing th is apparatus, i t  w as considered desirable to 
follow where possible the  recommended specifications se t forth 
by  th e  Com m ittee for S tandardization of M icrochemical Ap
para tu s (6). However, poor drainage w as experienced when the 
top of the graduated  column was constructed as shown in the 
draw ing accom panying these specifications. T he au thor found 
th a t a  gradual tap e r from a 2.5-mm. opening a t  the top  of the 
graduated  column to th e  inside d iam eter of th is tube  worked 
m ore satisfactorily. T he portion of the  azotom eter below the 
ball and socket conforms to  stan d ard  specifications (6).

C A R B O N  D IO X ID E  G E N E R A T O R

Of the various methods for supplying pure carbon dioxide gas 
for the  analysis, th e  use of d ry  ice has been found m ost convenient. 
T he gas is m ost satisfactorily  dispensed from a  modified H ersh- 
berg and Wellwood (S) generator which is shown in Figure 1. The 
principal changes m ade in th e  original equipm ent of these authors 
include:

Replacem ent of the paper diffusion disk by a 30-mm. diam eter 
fine porosity Pyrex fritted  disk.

Use of a 2000-ml. capacity D ew ar flask w ith standard-taper 
ground jo in t instead of the pint-size vacuum  bottle.

A ddition of a  ball and  socket connection to the combustion 
tube.

This appara tus furnishes a  continuous stream  of pure carbon 
dioxide gas w ithin 5 hours after filling and lasts  for approxim ately 
10 days when a  flask evacuated to  6 X 1 0 mm.  of m ercury is 
used.
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C H IM N EY  FOR M O V A B L E  BURNER

T he conventional circular-type movable burner chimney does 
no t give precise' control of the combustion of sample in  micro- 
analysis because of fluctuations in the flame during heating. 
A simple u n it for th is purpose, which also acts as a support for 
th e  short Nichrom e gauze sleeve and reflector, has been de
vised and found very effective for all types of microcombustions. 
T he flame is entirely  enclosed w ithin the walls of a  m etal shell 
and only the portion of the com bustion tube w ithin those limits 
is subjected to th e  heating.

T he construction of the apparatus is shown in Figure 3. I t  
consists of a  rectangular sheet-iron shell open a t  the top  and 
bottom  and attached  to  a Bunsen burner by means of a  sleeve 
and se t screw. The sleeve is fastened to  the shell by four 3-mm. 
d iam eter rods welded to  the lower center portion of each face of 
the shell and to the sleeve. Two holes are drilled on opposite 
sides of the  shell near th e  top  through which the  combustion

tu b e  is in se rted ; th e  N ich rom e gauze sleeve is p laced a ro u n d  
th e  com b u stio n  tu b e  a n d  betw een  th e  tw o sides o f th e  chim ney. 
T h e  h e a t reflector (a  sem ic ircu lar piece o f N ichrom e gauze, 55 
m m . long a n d  50 m m . in  d iam ete r) is n o tch ed  a t  th e  fo u r corners 
for a  d is tan ce  of ap p ro x im ate ly  10 m m . in  len g th  a n d  2.5 m m . from  
th e  edges to  fit in to  th e  to p  of th e  shell an d  above th e  com bustion  
tube.
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Identification of Organic Bases by Means of the Optical 
Properties of Diliturates (Nitrobarbiturates)

Prim ary A ro m a tic  A m in e s

B A R TLETT  T. D E W E Y , Eastern New M exico College, Portales, N . M ex., A N D  

E L M E R  M . PLE1N, University of Washington, Seattle, Wash.

The diliturates of forty-three primary aromatic amines have been 
prepared and their optical and crystallographic properties recorded. 
The components of mixtures of isomeric amines may be recognized 
by a determination of the optical and crystallographic properties of 
the crystals of the diliturates prepared from the mixtures.

T H E  use of the crystallographic and optical properties of the 
d ilitu rates has been suggested as a  m eans of identification of 

organic bases by  the  au thors in a  previous paper (1), in which 
they reported  th e  optical constants for the d ilitu rates of some 
prim ary aliphatic amines. T he present comm unication reports 
sim ilar constants for th e  d ilitu rates of p rim ary arom atic amines.

T he m ethods employed are sim ilar to  those used in  the  earlier 
work. In  p reparing the  d ilitu ra te  of a  solid amine, the amine 
was dissolved in  hydrochloric or acetic acid and an  equivalent 
q u an tity  of a ho t aqueous solution of dilituric acid was added. 
T he am ine d ilitu rate  precip ita ted  either im m ediately or on cool
ing. E quivalen t quantities of dilituric acid and  the am ine are no t 
im portan t unless d ilituric acid itself crystallizes out. If  less than  
an  equivalent qu an tity  is added, th e  d ilitu rate  crystallizes out 
and the acetate  or hydrochloride, being more soluble, rem ains in 
solution. Generally speaking, the prim ary  am ine d ilitu rates are 
less soluble th an  d ilituric acid and  so th e  acid does n o t complicate 
the identification, even if added in  excess.

T he d ilitu rates were recrystallized from w ater one or more 
times. T he iden tity  and  pu rity  of the salts were established by 
determ ination of the  nitrogen content by the K jeldahl method 
modified to  include n itro  compounds. T he deviation of th e  per
centages found from those calculated did no t exceed 0.2 except 
for th e  following salts: p-bromoaniline, p-chloroaniline, and 
m-phenylenediamine, each 0.25; and  o-nitroaniline, 0.31. Benzi
dine forms only the m onodiliturate, as indicated by  the deter
m ination of th e  nitrogen content. T he rem aining diam ino com
pounds all produce didiliturates, even though the d ilitu ric 'acid  
is added in  less than  equivalent quantities.

T he optical da ta  for the d ilitu rates of forty-three p rim ary  aro
m atic amines are included in  T able I. T he usual orientation  of the

d iliturates of p-am inophenol, benzidine, m-bromoaniline, 2,4- 
diam inophenol (both  forms), 2,4-diaminotoluene, 2 ,6-dibromo- 
4-aminopheno], 2,5-dichloroaniline, a-naphthylam ine (triclinie), 
?n-nitroaniline (from w ater), p-nitroaniline, 3-nitro-4-cbloroani- 
iine, o-phenylenediamine, m-phenylenediamine, and  m-toluidine 
does no t present a tru e  value for any  principal index, b u t the 
values can be determ ined from crushed crystals. T he usual 
o rientation of the d ilitu ra tes of p-am inodiethylaniline, p-am ino- 
dim ethylaniline, 2-amino-5-hydroxytoluene, 2-am ino-4-nitro- 
phenol, o-aminophenol, m-aminophenol (both  forms), 3-bromo- 
4-aminotoluene, o-bromoaniline, p-bromoaniline (rectangles), 
o-chloroaniline, p-iodoaniline, o-nitroaniline, and o-toluidine per
m its th e  determ ination  of one index— B. T he crystals of aniline 
d ilitu ra te  (monoclinie) are so oriented th a t a  can be observed. 
T he crystals of the o ther d ilitu rates examined are so oriented th a t  
the  tru e  values for two of the principal indices can be deter
mined— a  and  B for all except m-chloroaniline and m-nitroaniline 
(from alcoholic solution) which show B and  7 ; and  o-aminodi- 
phenyl which shows a and  7 .

T he dilitu rates of m-aminophenol, aniline, p-bromoaniline, 
2,4-diaminophenol, and a-naphthylam ine exhibit polym orphism. 
In  different p reparations th e  relative proportions of the poly
m orphs varied, b u t bo th  forms were always present. W hen m- 
nitroaniline is crystallized from ethanol th e  product possesses dif
ferent properties than  those of the compound crystallized from  an 
aqueous solution.

The system s to  which th e  various crystals belong are  indicated 
in column 2 by  the le tte rs  O, M , and T — orthorhom bic, m ono
clinic, and  triclinic, respectively.

T he dilitu rates of m any of th e  arom atic am ines are so flattened 
th a t when suspended in  a  liqu id  nearly  a ll crystals assume th e  
sam e or nearly  the same orientation. In  T able I I  some optical 
and  crystallographic values are recorded which were observed 
on the m ost frequently  occurring orientations. The optical 
orientation designated as acute, obtuse, or optic norm al indicates 
th a t  a  centered figure is observed in  the usual position of th e  
crystal. T he term  "inclined’' indicates th a t th e  interference
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figure is no t centered. Some 
crystals show slight va ria 
tions in orientation, so th a t 
the values for the extinc
tion angle and the  refrac
tive indices are slightly dif
ferent on different crystals. 
Such values arc recorded 
as variable. M any of the 
crystals present, in their 
usual orientations, refractive 
indices which cannot be 
satisfactorily determ ined 
w ithin narrow limits. These 
indices are also reported as 
variable.

In  Figures 1 to  4 are d ia
gram s of the crystals show
ing front views as the crys
ta ls  appear in the ir most 
frequently  occurring ori
entations, side views, and 
in some cases top  views. 
Side and top  views were ob
tained by rolling th e  crystals 
in C anada balsam . E xtinc
tion angles were all m easured 
betw een the long direction 
of the crystal in its particular 
orien tation  and th e  posi
tion of nearest extinction. 
D o tted  lines indicate vibra 
tion  directions and apparen t 
refractive indices are re
corded for those crystals 
which show constan t values. 
An asterisk is used to indi
cate th e  higher refractive 
index in an orientation un
less a  value is given for it. 
Observed crystal angles 
(determ ined microscopically) 
which occur consistently arc 
indicated a t  the corners of 
the diagrams. D iliturates of 
2 - a m i n o  - 1 , 3 -d  i m e th y  1- 
b e n z e n e ,  2 - a m in o - l ,4 -  
dimethylbenzcnc, and 0- 
naphthylam ine exhibit two 
habits; hence two sets of 
drawings are presented for 
each of these compounds. 
E ach of those d iliturates 
showing polymorphism (men
tioned above) also has two 
sets of drawings. T he vari
ous properties recorded in 
the draw ings identify the 
forms—e.g., • one form of 
m-aminophenol has a 135° 
crystal angle, whereas the 
o ther form possesses a  112° 
angle.

Some of th e  amino dili
tu ra tes, when crystallized 
from w ater, do no t always 
form large enough or suf
ficiently well-defined crys-

Table Optical Properties of Some Primary Aromatic Am ine Diliturates

A mine System
E xtinction

Angle
O ptic
Sign

R efractive Indices 
A lpha B eta G am m a

E lon
gation D ispersion

2-Aniinocym ene o ' Parallel _ 1.507 1.648 1.679 _ V > p
;>-A m inodiethylaniline M 22 — 1.455 1.059 1.744 rfc v > p
7>-Am inodim ethylaniline M 42 — 1.462 1.668 > 1 .7 8 5 4- V > p
2-Am ino-l,3-dim et.hylbenzene M 20 4- 1.583 1.670 > 1 .7 8 5 p > V
2-A inino-l,4-dim ethylbenzcnc M 28 _L 1.572 1.657 1.752 — p > V
4-A m ino-l,3-d im ethylbenzene 0 Parallel — 1.522 1.671 > 1 .7 8 5 _ V >  p
5-A m iim -l,3-dim ethylbenzene M 39 — 1.543 1.642 1.723 dr p > V
o-Am inodiphenyl 0 Parallel — 1 .461 1 .768 > 1 .7 8 5 — p > V
7>-Aminodiphenyl M 12 + 1 .603 1 .653 > 1 .7 8 5 — P  >  r
2-A m ino-5-hvdroxy toluene M 7 1 .520 1 .051 1. 7G3 — V >' p
2-A m ino-4-nitrophenol M 10 4" 1 .672 1 .722 > 1 .7 8 5
o-Aminophenol M 29 4- 1.618 1 .673 > 1 .7 8 5 =fc P  >  r
m -Am inophenol (135° angle) T 26 — 1 .501 1 .689 > 1 .7 8 5 dr V > p

( 1 1 2 ° angle) M 33 — ■ 1.480 1 .750 > 1 .7 8 5 de c > p
p-Aniinophenol T 22 —. 1.508 1 .715 > 1 .7 8 5 — v >  p
Aniline M 1G — 1.535 1 .659 1.772 — V > p

O Parallel — 1 .447 1 .738 > 1 .7 8 5 — v >  p
Benzidine T 37 4- 1 .571 1.684 > 1 .7 8 5 — p > V
3-B rom o-4-am inotoluene M 19 - 4" 1.578 1 .679 > 1 .7 8 5 — p > c
o-Brom oaniline M 35 4- 1.580 1.647 1.788 — p > t
m-I5romouniline M 10 1 .525 1 .708 1.735 d= v > p
p-Bronioaniline

R ectangu lar M 18 4* 1 .450 1.749 > 1 .7 8 5 p > r
D iam ond-shaped M 21 4- 1.597 1 .688 > 1 .7 8 5 =fc • p > V

orCbloroaniline M 34 4- 1.532 1.657 1.789 — p >  V
w -Chloroaniline O Parallel _ 1.554 1 .777 > 1 .7 8 5 -f- p  >  c
/>-Chloroaniline M 22 4- 1 .575 1 .670 > 1 .7 8 5 =b p > V
2,4-Diam inophenol

T ab u la r . T 43 1 .498 1 .695 > 1 .7 8 5 V > p
A cicular * M 17 — 1.508 1 .701 > 1 .7 8 5 rfc V > P

2,4-D iam inotoluenc T 35 — 1.470 1 .751 > 1 .7 8 5 d= V >  p
2,5-D iam inotoluenc M 17 — 1 .513 1 .749 > 1 .7 8 5 d r V >  p
2,6-D ibrom o-4-am inophenol '1* 44 4- 1.590 1 .653 > 1 .7 8 5 dr V > p
2,4-D ichloroaniline M 24 4- 1.572 1 .660 > 1 .7 8 5 dr * V > p
2,5-D iehloroam line T 28 4- 1.532 1 .700 > 1 .7 8 5 dr V > p
p-Iodoanilinc M 9 4- 1.500 1.751 > 1 .7 8 5 — a > p
a -N aph thy lan iine M 14 + 1.635 1 .684 > 1 .7 8 5 — V >  p

T 44 — 1.650 1.783 > 1 .7 8 5 — V > p
/3-N nphthylam ine O Parallel — 1.483 1 .758 > 1 .7 8 5 — 0 >  p
o-N itroaniline M 33 — 1.540 1.714 > 1 .7 8 5 — c > p
/«-N itroanilino, from w ater T 28 -f. 1.522 1 .650 1.786 4" v > p

From  ethanol 0 Parallel — 1 .502 1.750 > 1 .7 8 5 4- p > V
p-N itroaniline T 36 4- 1.615 1 .098 > 1 .7 8 5 v > p
3-N itro-4-chloroam line T 25 4- 1.605 1 .680 > 1 .7 8 5 — D >  p
o-Phenylenediam ine T 18 1 .438 1.737 1.772 — V > p
wi-Phenylenediainine T 30 — 1.493 1.683 > 1 .7 8 5 dr V > p
p-Phcnylenedia mine M 25 — 1.501 1 .716 > 1 .7 8 5 — V > p
Tolidine M 25 4- 1.590 1 .705 > 1 .7 8 5 dr V > p
o-Toluidine M 38 . 4- 1 .552 1.632 1.766 — p > V
m -Toluidine T 42 4- 1.567 1.675 > 1 .7 8 5 d r p > V
p-Toluidine ]\r 24 4- I.G70 1.680 1 .73 1 d r p > V

Table II. Apparent Properties of Some Primary Aromatic Am ine Diliturates from Most 
Frequently Observed Orientation

Extinction
Dili turn te H ab it O rientation Angle R efractive  Indices

2-Am inocym ene Foliated O btuse Parallel 1.507 1.648
A mi nodiet hyl aniline T abu lar Inclined Parallel V ariable 1.659

obtuse
p-A m inodim ethylaniline- T ab u la r Inclined 

optic axis
V ariable V ariable 1.668

2-A inin o -1,3-dim ethyl benzene Lath-shaped A cute 20 1.583 1.670
2-Amino- 1 ,4-dim ethylbenzene Foliated Acute 28 1.572 1.657
4-A m ind-l,3-dim ethylbenzene T abu lar O btuse Parallel 1.522 1.671
5-A m ino-l,3-d im cthylbenzcne Lam ellar Obtuse 39 1.543 1.642
o-A m inodiphenyl Lath-shaped O ptic norm al Parallel 1 .461 > 1 .7 8 5
p-Ainmodi phenyl Lam ellar Acute 12 1.603 1.653 •
2-A inino-5-hydroxy toluene T a b u la r- Inclined Parallel 1.527 1.651

obtuse
2-A inino-4-nitrophenol A cicular Inclined 

optic axis
Parallel Variable 1.722

o-Aminophenol L am ellar Inclined 
optic axis

V ariable V ariable 1.673

m-Aminophenol (135° angle) T ab u la r Inclined 
optic axis

Variable V ariable 1.689

(112° angle) T ab u la r Inclined Parallel Variable 1.750
obtuse

p-Am inophenol T ab u la r Inclined Variable Variable Variable
obtuse

Aniline, monoclinic T ab u la r Inclined
obtuse

Parallel 1.535 1.671

O rthorhom bic T abu lar ( >btuse Parallel 1.447 1.738
B enzidine Lath-shaped Inclined 30 V ariable 1.690

optic axis
3-B roino-4-am inotoluene T ab u la r Inclined

acu te
Parallel Variable 1.679

o-Brom oanilinc T ab u la r O ptic axis V ariable V ariable 1.047
m -Brom oaiuline T ab u la r Inclined

obtuse
V ariable V ariable Variable

p-Brom oaniline, rec tangu lar T ab u la r Inclined Parallel V ariable 1.749
acute

1.688D iam ond-shaped T ab u la r A cute 21 1.597
o-Chloroaniline T ab u la r Inclined Parallel V ariable 1.G57

optic  axis
> 1 .7 8 5m -Chloroaniline T ab u la r A cute Parallel 1.777

p-C hloronniline T abu lar A cute 22 1.575 1.670
2,4-D iam inophenol T a b u la r ' Inclined V ariable 1 .502 Variable

obtuse
VariableAcicular V ariable V ariable V ariable

2,4-D iam inotoluene C olum nar Variable Variable Variable Variable
2,5-D iam inotoluene Lam ellar O btuse 17 1.513 1.749
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1 .4 5 5  '
1 .7 4 4

H abit

Table. II Co n td .

Optical E xtinction
D ilitu rate O rientation Angle R efractive Indicos

2,6-D ibrqm o-4-am inophenol T abu lar Inclined op
tic norm al

44 • V ariable V ariable

2,4-D ichloroaniline Lam ellar A cute 24 1.572 1.660
2,5-D ichloroaniline T ab u la r Inclined 

o p tic  axis
28 V ariable V ariable

p-Iodoaniline T abu lar Inclined
acute

Parallel V ariable 1.751

a-N ap h th y lam in e , monoclinic Lam ellar Acute 14 1.635 1 .684
T ri clinic T abu lar Inclined

obtuse
Variable V ariable > 1 .7 8 5

d-N aph tby lam ine T ab u la r O btuse Parallel 1 .483 1 .758
o-N itroaniline T ab u la r Inclined 

optic axis
Parallel Variable 1.714

wi-Nitroaniline, from w ater T ab u la r Inclined op
tic norm al

3 Variable V ariable

From  ethanol Lath-shaped Acute Parallel 1.750 > 1 .7 8 5
p-N itroaniline T abu lar Inclined op

tic norm al
17 1.620 > 1 .7 8 5

3- N itro-4-chloroanilino E q u a n t Inclined op  10 V ariable V ariable

o-Phenylenediam ine
tic norm al

Lath-shaped Inclined 0 1 .470 1.756
obtuse

m -P henylenediam ine L am ellar Inclined
obtuse

i Variable 1 .694

w -Phenylenediam ine T ab u la r O btuse 25 1.501 1.716
Tolidine Lam ellar A cute 25 1.590 1.705
o-Toluidine T ab u la r Inclined 

optic axis
V ariable Variable 1 .632

m -Toluidine T abu lar Inclined 
o p tic  axis

Variable V ariable V ariable

p-T oluidine T ab u la r A cute 24 1 .670 1.680
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tuls to m ake the crystal 
shape of individual crystals 
valuable for identification. 
A ttem pts a t recrystallization 
from ethanol, ethyl acetate , 
ether, petroleum ether, and 
acetic acid failed to  produce 
more regularly formed crys
tals. Some characteristics 
of such crystals are the 
following:

2 - A m in o c y m  e h e  forms 
d e n d r i t e s ,  spherutites, and 
pink m a s s e s  of c r y s ta ls .  
C rystal angles are occasion
ally 125°, b u t more fre
quently 90°. E nds of the 
crystals are often broken or 
i rregular. 2-A m ino-1,4-di- 
mcthylbenzene forms some 
spherulites and  masses of 
crystals, fragm ents of which 
snow gray polarization colors. 
M any of the crystals are 
very thin. 5-Amino-l,3-di- 
m ethylbenzene a ls o  fo rm s  
masses of crystals, b u t frag
m ents show vivid polariza
t io n  c o lo r s .  p-Aminodi- 
phenyl produces m any frag
m ents w ith dull polarization 
c o lo r s .  2,5-Dichloroaniline 
crystallizes in masses which 
show dull polarization colors. 
a - S a p h th y l a m i n e  fo rm s  
dendrites along w ith well- 
formed crystals. It exhibits 
p o ly m o r p h is m  w ith  th e  
lamellar crystals in greater 
proportion than  the tabular 
f o r m . p-Phonylenediaiidine 
often forms masses of very 
sm all crystals; larger crys
ta ls  have 110° crystal angles, 
bu t also frequently  show 
broken ends. Tolidine pro
duces masses o f c r y s ta l s  
which show v.ivid polariza
tion  colors.
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Figure 1. Diagrams of Crystals of Am ine Diliturates

Additional descriptions of 
some of the d ilitu rates will 
f a c i l i t a t e  identification of 
them . T he properties of p- 
a m i n o d ie t h y la n i l i n e  dili- 
tu ra te  should be taken  from 
freshly prepared crystals or 
from those which have been 
properly protected to  pre
ven t loss of w ater of crys
tallization. C rystals of tin* 
dried product re ta in  their 
.shapes nicely, have the ap
pearance of being composed 
of bundles of needles or 
fibers, and possess higher re
fractive indices.

D iliturates of p-aminodi- 
mcthylaniline, o -b ro m o a n i-  
line, and o-toluidinc exhibit 
no extinction in  the usual 
orientation, b u t the  interfer
ence figures (optic axis or 
slightly inclined optic axis) 
indicate /3 to show perpendic-
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ular to  th e  long axis of the crystals. o-Aminophcnol d ilituratc 
also presents no extinction in its  usual orientation, b u t the 
interference figure (slightly inclined optic axis) indicates th a t

is parallel to  the long axis of the crystal. M any of the crys
ta ls  of th is compound are very thin a t  the ends and present a  
broken appearance.

M arked dispersion is shown by o-aminodiphenyl dilituratc; 
hence it was necessary to  determ ine /5 (1.768) w ith sodium light. 
W ith w hite light the value is approxim ately 1.774. C rystals of 
th is compound are very long and therefore present m any broken 
ends. m -Nitroaniline dilituratc , crystallized from ethanol, also 
presents high dispersion. W ith sodium light a  value of 1.750 
is obtained for d and w ith w hite light a value approxim ating 
1.762 is found.

C rystals of 2-amino-4-nitrophenol d ilitu ratc  present a m arked 
inclined dispersion. T he isogyre w ith violet fringe on the convex 
side seems to 'b e  th icker th an  the o ther isogyre. M any of the 
crystals are som ewhat rounded and th in  a t  the ends.

C rystals of aniline d ilituratc, orthorhom bic, show cleavage 
lines in both directions parallel to  the  outline of the crystal in its 
usual orientation. T he cleavage lines parallel to  th e  long axis 
of the  crystal are som ewhat wavy. The orthorhom bic crystals 
are broader th an  the monoclinic varie ty . Some samples, of ani
line d ilitu ra tc  are m ade up alm ost entirely  of the monoclinic va
riety, bu t there are sam ples in which th e  orthorhom bic form pre
dom inates.

W hen crystals of m-bromoanilinc, usually fairly large, are 
lightly crushed, platelets w ith inclined acute bisectrix figures in 
the usual orien tation  are produced. Some of these platelets are 
so well proportioned th a t  they m ight be m istaken for ano ther 
crystal habit. T he higher apparen t refractive index of the whole 
crystals lies near 1.708.

D ilitu rates of w-chloroaniline and p-toluidine show dispersed 
birefringence as evidenced by the anom alous polarization colors 
(purple or blue) a t th e  extinction position.

680

JD -To lu id ine

- -  1 .734

T o l id in e  y  crystals of 2,4-diamino-
phenol d ilitu ratc  acicular lie 
perfectly flat, then an  acute 
bisectrix interference figure is 
presented and B (1.701) and v 
(> 1 .785) show. T he crystals 
are easily rolled in immersion 
liquids.

M any thin oval-shaped crys
tals appear in samples of 
2,5-diamino toluene d ilituratc.

Yellow crystals of p-nitro- 
aniline d ilitu ratc  slowly de
compose to yield colorless 
crystals. T he colorless com
pound contains a  smaller per
c e n ta g e  o f n i t r o g e n  th a n  
the original colored crystals. 

The colorless crystals have lower refractive indices and a smaller 
optic angle than  the yellow variety.

T he usual orientation of m -toluidinc d ilitu ratc  shows a low 
variable refractive index which is very close to 8 (1.675). The
crystals are usually fairly large.

I t  was explained above th a t m any apparen t refractive indices 
are reported  as variable. T he following are approxim ate values 
of some of the apparen t refractive indices taken from the crystals 
in their m ost frequent orientations. In  general t hese values vary 
between ra th er wide lim its: d ilitu rates of p-aminophenol, 1.521 
and  1.715; benzidine, 1.607 ; 3-brom o-i-am inotoluene, 1.602; 
2,4-diaminophenol (tabular), 1.705; 2,4-diaminotolucne, 1.496 
and  1.770; 2,6-dibromo-4-aminophenol, 1.595 and 1.760; 2,5- 
dichloroaniline, 1.560 and 1.710; p-iodoaniline, 1.508; a-naph- 
thylam ine (triclinic), 1.780; w -nitroaniline (from w ater), 1.532 
and 1.756; 3-nitro-4-chloroaniline, 1.615 and 1.780.

M ixtures of the ort ho, m eta, and  para  isomers used in this inves- 
t igation were m ade and  dilitu rates of the mixt ures were prepared. 
The m ixtures of crystals of the d iliturates exhibited properties 
which were characteristic of the individual com ponents of the 
m ixtures. F ractional crystallization of the m ixtures resulted in a 
partia l separation which usually  simplified the identification. 
F requently  some distinctive characteristic facilitates the recog
nition of one of the components— for example, crystals of m- 
chloroaniline d ilitu ra te  show dispersed birefringence, and they  
m ay be readily  distinguished from th e  o rtho  and p ara  isomers by 
the anomalous polarization color exhibited by  the crystals of the 
m eta  compound.

T he prim ary arom atic am ine d ilitu rates have been successfully 
used as unknowns for studen ts in an elem entary chemical micros
copy course.

L IT E R A T U R E  C ITED

(1) Plein, E. M., and Dewey, B. T., Ixn. E ng. Che.u ., Anal. E d., 15.
534(1943).



NOTES O N  A N A L Y T I C A L  PROCEDURES

M o d ificatio n  of the A rs e n ic  M e th o d  of M agnuson and W a tso n
T H O M A S  H . M A R E N 1

Department of Parasitology, School of Hygiene and Public Health, Johns Hopkins University, Baltimore, M d.

T H E  m ethod of M agnuson and W atson (I) for the microde- 
term ination of arsenic in biological m aterials was selected 

for use in a program concerned w ith the pharm acology of arsenical 
drugs and their application to  the chem otherapy of certain 
tropical diseases. Prelim inary tes ts  indicated th a t recoveries 
were w ithin 5 to  10% of theoretical in th e  1- to  10-microgram 
range, and th e  method was therefore of the required accuracy. 
T he choice of th is m ethod over others which also utilize the 
m olybdenum  blue reaction was based chiefly on the  rapidity  
w ith which sam ples can be run  through. As the au thors s ta te , 
20 to 30 determ inations can be done each day w ith no difficulty. 
A simple microstill, commercially available, is the only special 
appara tu s required.

In th is laboratory positive blanks and aberran t high values 
were occasionally encountered in handling this technique. T he 
present paper describes an investigation of the cause of these 
false readings, and indicates how they  can be elim inated by a 
modification of one of the reagents.

The following steps are carried ou t in the determ ination  of ar
senic in blood, excreta, and  organs. D etails are described in the 
original paper (I).

The organic m aterial is destroyed in a wet digestion using nitric 
and sulfuric acid. Perchloric acid m ay also be used at. the end of 
the process.

Following digestion the arsenic is in pen tavalen t form in 
sulfuric acid. T his is transferred to  the microstill, potassium 
brom ide is added, and  arsenic, probably in the form of the 
pcntabrom ide, is distilled together w ith a small bu t significant 
amount, of hydrobromic acid.

The d istillate is trea ted  w ith am m onium  molybdate, to  form 
a heteropoly compound w ith arsenic as the central atom  in the 
complex (2).

The heteropole is reduced with hydrazine sulfate to form molyb
denum  blue, which gives a  color w ith a  sharp absorption maxi
mum a t  840 mu. In  the final solution, 1 p a r t of arsenic in 25,- 
000,000 m ay be readily dotectcd and measured, using a Beckman 
spectrophotom eter and a light path  of 50 mm.

Woods and Mellon (2) found th a t  in the analogous case of phos
phorus the  hydrochloric acid-m olybdate ratio  was im portan t. If 
th is ratio  w as too low, th e  reaction corresponding to  the fourth step 
would involve reduction of amm onium m olybdate itself, to  form 
molybdenum blue even in the absence of the heteropole. T hus, in 
any  m ethod of th is type it is necessary to  have th e  acid sufficiently

1 P resen t address, Pharm acology D ep artm en t, School of M edicine, .Johns 
H opkins U niversity , B altim ore, M d.

Table I. False Positive Arsenic Readings Due to Low Halogen 
A c id  Concentration in Magnuson-Watson Procedure

(All reagen ts  te sted  and  free of As, Si, and  P. H eadings from  s tan d a rd  As 
curve, using C olem an Spec tropho tom eter a t  790 mg.)

U ndistilled D istilled
M illicquivalents 

of MCI used R ead ing  as As, 7
M illiequivalents 

of H B r found R ead ing  as As, 7

0 14.5 1 . 8 1 . 6
1 . 0 1 .5 , 1 .7 , 2 .7 2 . 0 , 2 . 0 1 . 0 , 2 . 0
1 .5 1 .4 ,0 .6 2 . 1 1.3
2 . 0 0 , 0 , 1 . 0 , 0 . 6 3 .1 ,3 .1 0
2 .5 0 , 0 , 0 3 .5 0
3 .0 0 , 0 , 0 4 .0  (5-m inute 0

3 .5
4 .0
5 .0

0 , 0 , 0  

0 , 0 . 0

distilla tion)

high so th a t only the heteropole, which contains the-elem ent 
sought, is reduced. M agnuson and W atson ( /)  depended on the 
hydrobrom ic acid distilled in the prescribed 4-m inute period for 
th is purpose. T hey  s ta te  (a) th a t  2.5 to  4.0 millicquivalents of 
hydrobromic acid are distilled in this tim e and (5) th a t as low as
1.0 m illiequivalent is permissible. In  their experiments, as well 
as th e  au thor’s, hydrobromic and hydrochloric acid were used 
interchangeably in the color developm ent steps.

Ten successive distillations were run following the M agnuson- 
W atson procedure exactly. T he d istillates wore titra ted  with 
0.1 Ar sodium hydroxide using brom othym ol blue as indicator. 
H ydrobrom ic acid in th e  d istillates was between 1.3 and 3.6 m.e. 
This range is lower th an  th a t given by M agnuson and W atson 
(a, above). T he difference is significant, since the experim ents 
recorded in T able I  show th a t a  positive blank occurs regularly if 
less th an  2 m.e. of acid is present. T hus, th e  permissible lower 
limit of acidity in the original paper (6, above) w as also subject to 
revision in th e  au th o r’s hands. T able I indicates th a t over 2.1 
m.e. of halogen acid m ust be present to  avoid form ation of m olyb
denum blue in the absence of arsenic.

In  view of these findings it has been possible to  elim inate the 
occasional high values and false positives by the addition of 
1 m.e. of hydrochloric acid to  th e  distillate. Since the lowest tite r 
ever found for a d istilla te  was 1.3 m.e., th is increm ent should 
always be sufficient to  bring the to ta l am ount of halogen acid to  
the range where reduction of the simple m olybdate and th e  re
sulting high values and false positives are completely eliminated. 
Approxim ately 500 determ inations have been carried ou t with 
this modification, and no aberran t results of the type originally 
found have been observed. T he over-all procedure has been 
found satisfactory with regard to  accuracy, speed, and simplicity.

M O D IF IE D  P R O C E D U R E

In order to avoid the handling of an extra solution, th e  ex tra  
m illiequivalent of hydrochloric acid is added along w ith the am 
monium m olybdate -solution. T o two volumes of m olybdate 
color reagent, m ade u p  according to  the directions of Magnuson 
and W atson, add  one volume of N  hydrochloric acid. In  the color 
development procedure, add 3 ml. of th is  combined solution in 
stead  of 2 ml; of m olybdate solution as called for in the  earlier 
paper. All o ther solutions and directions are unchanged.

S U M M A R Y

A study  has been m ade of the M agnuson and W atson m olybde
num blue m ethod for arsenic in biological m aterials, which offers 
certain advantages over others described in the literature. I t  was 
found th a t in their distillation process, insufficient acid was 
carried over, and the result was occasional high values in  the pres
ence of arsenic and positive readings in the absence of arsenic 
and the o ther possible interfering elements, silicon and phos
phorus. T his was ascribed to reduction of simple m olybdate 
ion in insufficiently acid solution, and has been elim inated by ad 
dition of hydrochloric acid to  the distillate.

A C K N O W L E D G M E N T
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Determ ination of Free Carbon in Butyl Reclaim  by M o d ifie d  A .S . T .M .  M e th o d
J. E. M c C R E A D Y  A N D  H . H . T H O M P S O N , Reclaim Laboratory, Goodyear Tire & Rubber Co., Akron, O hio

T H E  production  and  use of regenerated G R -I (B utyl) elasto
mer, which has scrap inner tubes as a  m ain raw  m aterial, 

m ade i t  desirable to  develop m ethods for analysis of the constit
uen t m aterials. In  applying the A .S.T.M . procedure (I), i t  was 
difficult to  obtain  satisfactory filtering and washing of th e  dis
solved sample in  determ ination of the free-carbon content, be
cause of th e  inherent resistance of G R -I to  n itric  acid oxidation. 
In  view of th is factor, a  satisfactory w ay to  d isintegrate G R-I 
reclaim  was sought th a t  would result in acceptable filtering and 
washing.

In  fairly extended tr ia l disintegrations w ith possible solvents or 
reagents (acetone, petroleum  ether, chlorosulfonic acid, mineral- 
seal oil, and others), m ineral-seal oil gave the best filtering and 
washing and  was tested  for accuracy of results. I t  was found 
satisfactory  and selected for regular use.

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

R eagents needed are described in A.S.T.M . D-297-43T. The 
app a ra tu s consisted of pieces norm ally found in  a general ana
lytical laboratory.

O U T L IN E  O F  M E T H O D

Essentially, the proposed m ethod follows the A .S.T.M . 
m ethod for free carbon content of rubber ( i ,  Section 23), except 
th a t  the a extraction  with chloroform-acetono is om itted  and  a ho t 
digestion in  m ineral-seal oil precedes the trea tm en t w ith  fiitric 
acid.

The general steps in the analysis are, in  order:

P reparation  and weighing of sample
Digestion in hot mineral-seal oil for breakdown and partial 

separation of the elastom er fraction
Filtering
A lternate washing w ith solvents and hydrochloric acid to  re

move oils, waxes, and carbonates
W ashing w ith nitric acid for further removal of m ineral fillers, 

o ther than  carbon, th a t would change upon ignition
F inal washes w ith acetone-hydrochloric acid mix to  remove 

last traces of oils or fillers
Drying, weighing, igniting, and final weighing to  determ ine 

loss of carbon

P R O C E D U R E

Weigh a  0.5000-gram sample of the G R-I reclaim, previously 
sheeted th in ly  (approxim ately 0.5 mm. thick), and place in  a 
250-ml. Erlenm eyer flask. Add 50 ml. of mineral-seal oil, cover 
flask w ith a  w atch glass, and heat overnight (or 12 hours m ini
m um ) in  an oven set a t  150° C.

Remove from the oven and allow to  cool to room tem perature. 
D ilute th e  contents of the Erlenm eyer w ith  about 200 ml. of 
petroleum ether and 50 ml. of benzene. Shake carefully, to mix 

solvents, then filter w ith m oderate suction through a Gooch

Table I. Carbon in Butyl Reclaims

Sam ple T e s t 1
A 30.SÖ
13 31 .16
C 30 .09

Av. 30 .70
M ax im u m  d ev iation

from  average 0 .61
"Theoretical

-P e r  C en t F ree  C arb o n -
T e s t 2 T e s t 3 Av.
31 .07  
31 .39  
30 .22  
30 .89

0.67

31 .00  
3 1 .27  
29. SI 
3 0 .69

0.88

30 .98
31 .27
30 .04

M axim um
D eviation

from
Average

0.12
0.12
0 .1 9

31 .00

Table II. Per Cent of Free Carbon in Vulcanized Butyl Stock
Sam ple T est 1 T e s t 2 Av.

D
E

31 .50
31.81

32 .19
3 1 .6 0

31 .8 5
31.71

•Calculated value — 30.30

crucible fitted w ith a m oderately heavy •asbestos m at. In  this 
first transfcrral to the Gooch, take care th a t the crucible is not 
filled over 3/< full, to  p revent creepage of th e  carbon over top 
edge. Wash and police flask free of adhering particles, using ho t 
acetone for Hie cleansing. W ash the solids, now all on the Gooch 
m at, using alternate  applications of warm 10% hydrochloric 
acid and boiling acetone. Continue these alternate  washings 
several times, un til the filtrate comes through clear, washing last 
w ith 10% hydrochloric acid to avoid any violent reaction be
tween acetone and the n itric acid added in  next step. E m pty  the 
filter flask a t  this tim e to  elim inate the same possible effect.

Resume trea tm en t, of the m aterial in the Gooch, still using 
m oderate suction, by washing once w ith cold n itric acid, five 
times w ith progressively w armer nitric acid, and three or four 
times w ith boiling n itric acid. After the nitric acid wash, em pty 
the filter flask and resume washing, m aking the first filling of 
the Gooch w ith a  m ixture of equal parts  (by volume) of acetone- 
chloroform-glacial acetic acid, followed by several washes with 
the same m ixture, m oderately -heated. N ext, wash w ith a hot 
1 to  1 mix of acetone-chloroform and repeat un til the filtrate runs 
clear, plus several additional washings. Finally, wash alternately  
w ith  warm 10% hydvoohloric acid and w ith boiling acetone 
un til the filtrate is again clear. Remove the Goooh from the 
holder, clean the outside w ith a  ©loth moistonod in aootono, and 
dry in oven for 2.5 to  3 hours a t  105° C. Cool in desiccator, 
weigh (a), and then bill’ll off carbon in an electric muffle a t 
800 ° C .. Cool in desiccator and weigh again (6). The difference 
in weight (a — b) represents approxim ately 105% of the carbon 
originally present in the form qf lam pblack or gas black.

C a lc u la t io n .  %  free carbon =
a — b

X 100

1.05

1.05 X weight of sample
a =  weight of crucible w ith carbon 
b =  weight of crucible after ignition

factor covering effect of nitric acid on carbon black

D A T A

In  m aking (JelOl’inillfttions on B utyl (GR-1) reclaims, three 
sam ples of different production lots were run, w ith three paralfel 
tests on each sample. Jtosults arc shown in T able I.

Such values indicate satisfactorily close agreem ent betwfi'6'b 
check or parallel tests on a givOn sam ple, w ith a m aximum d e fl
ation from the average of 0.19%  in a  given series. W hen com
paring results from different samples, a  som ewhat greater deviaj 
tion  is noted, b u t th is is undoubtedly  due’ to  existing differences in 
composition found from one batch to  anothCY, resulting from the 
fact th a t varying am ounts of reclaim ing oils are lost in  processing.

While no t of d irect connection to  th is work, th is  modified pro
cedure was used in determ ining the free carbon content of a  cured, 
unreclaim ed B uty l (G R-I) tube  stock. Such tr ia l indicated th a t 
the m ethod is usable and fairly accurate, b u t fu rther checking is 
desirable before applying it  to  the vulcanized stock. D a ta  on 
vulcanized B uty l stock are given in T able II .

S U M M A R Y

Because of difficulty in  filtering and washing when the regular 
A .S.T.M . m ethod for free carbon w as applied to  B u ty l reclaim, a 
modified procedure was developed. T he essential change is the 
ad d itio n o f a ho t digestion in m ineral-seal oil, ra th e r th an  use of 
nitric acid alone for disintegration of the elastom er, w ith some 
variation  in  the solvent and acid washes used to  elim inate fillers 
and oils. Im proved speed and ease of m anipulation were ob
tained, w ith results checking well, when compared w ith each other 
and w ith  calculated values. While intended for use on reclaimed 
stock, prelim inary trial on cured B uty l stock was satisfactory, 
from both technique and accuracy phases.

A C K N O W L E D G M E N T

T he authors wish to  thank  H arry  E . R utledge, Goodyear T ire 
and R ubber Co. analytical laboratories, for valued consultation 
and scanning of the com pleted paper.
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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.

Sol* m anufacturer In the 
★  U n i t e d  S t a t e s  of f u s e d  ' f c  

E l e c t r o p h o r e s i s  C e l l s .

Makers of complete 
Electrophoresis App*r*tus  KLETT SC IEN TIFIC  P R O D U C T S - - - - - -

K LETT-S U M M ER S O N  P H O T O E L E C T R IC  C O L O R IM E T E R S  •  
C O L O R IM E T E R S  •  N EP H ELO M ET E R S  •  FLU O R IM ETER S •  B IO 
C O L O R IM E T E R S  •  C O M P A R A T O R S  •  ELE C T R O P H O R E S IS  
A P P A R A T U S  •  G L A S S  S T A N D A R D S  •  G L A S S  C E L LS  •  

KLETT R EA G E N T S

FOR BETTER cM&nxi'i Ga-mp-leie., fl4p.-ta-cbU e 9njarw rtatian  
an G U enücali. jp si R eculent 'Mie-

Now. more than  ever before, chem ists require explicit in
form ation for assaying and determ ining im purities in 
standard  chemicals; and  this comprehensive new hook 
provides ju s t such information.

REAGENT CHEMICALS 
AND STANDARDS

NONFADING
(■LASS C O L O R
\ STANDARDS

Permanent reliability of Hellige G la ss  Co lor S tand 
ards, accuracy of co lor com parison, simplicity of the 
technique, and  compactness of the apparatus are 
exclusive features o f Hellige Com parators not found 
in any  sim ilar outfits.
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W rite for our catalog and consult our 
Engineering Departm ent on specific appli
cations of Statham instruments.

S T A T H A M

L A B O R A T O R I E S INSTRUMENT MAKERS 

S J  8222 Beverly Blvd., Lor Angeles 36, California

COORS PORCELAIN COMPANY
GOLDEN. COLORADO

. . . O n  ce  Y ou  Init iate  A c t io n

•  Automatic operation with precision timer, electronic
no internal adjustments counting circuit

•  Fixed statistical error for
•  Automatically stops after each set{ing of &e soale

predeterm ined num ber of selector switch

counts up to 4,096; or pro- #  sho rl resolving time; and
vides relay control contacts , f ... ..self-calibrating

•  Self-contained unit includ- Q Can be used with all stand
ing high voltage supply, ard Geiger-M ueller tubes

You set two knobs, choose range, push button 
and that's all! The Tracerlab Autoscaler does the 
rest. Four exclusive features. Rapid, easy
operation. No internal adjustments. 

Tracerlab Inc. also offers other instruments, 
tracer compounds and routine radioactivity 
analyses service. WRITE FOR CATALOG.

.551 Oliver St., Boston, Mass.

COMPLETELY AUTOMATIC

T R A C E R L A B  
AUTOSCALER

for

Radio Activity Measurements

 ittATHÀPi---------

PRESSURE TRANSMITTER 
MODEL P7
Statham Model P7 Pres
sure Transmitters are 
recom m ended for meas
urem ent of differential 
pressure in systems con
taining fluids which can
not be perm itted to come 
into direct contact with 
the Statham G age fila
ments.

They are well adapted to use as flowmeters, w here they are 
installed to m easure pressure drop across orifice plates, 
venturis, or pit6t tube systems. O utput is sufficient for direct 
operation of microammeters, recording potentiometers, or 
recording galvanom eters. No amplifiers are required.

Ranges: 0-1 psi to 0-50 psi, full soale
Tem perature Range: —65° F to + 200° F
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CHICAGO APPARATUS COMPANY CHICAGO m Î V l IN O IS

B E C K M A N
pH

M E T E R
I n d u s t r i a l  

M o d e l  M

•

instrument is particularly recom mended for portable plant and field use in 
industry. It combines laboratory accuracy with the necessary ruggedness and 
fool-proof simplicity necessary for factory applications. It incorporates a unique 

-type Electronic Potentiometer Circuit that gives instant pH readings at the 
touch of a button. It also features Continuous pH Indication . . . Sealed and 

Glass Electrodes that can be used at a distance from the m eter without 
risk of electrostatic interference . . . unusually simple operation . . . and many 
other features that make this the ideal instrument for portable industrial use.

Supplied ready for use in portable hardwood case with handle on lid and lock 
with key. The electronic tubes and dry-cell batteries are contained within the 

Glass and Calomel electrodes are mounted in side compartment, together 
with Buffer Solution for standardizing and KC1 solution. Dimensions — 9" high, 

" deep and 13J^" wide. Net weight 25 lbs.; shipping weight 37 lbs.

$165.00



< ^ 0  D E T E R M IN E  eleven elem ents in  45 seconds is n new 
record, we believe, b u t i t  seems to  be indicative of w hat may 

b e  expected in  th e  fu ture for the routine spectrographic examina
tion of m etals and  alloys. An instrum ent for the autom atic 
spectrographic analysis a t such prodigious speeds is the Quan- 
tom eter, now available from the Applied Research Laboratories 
•of Glendale, Calif.

^ U e  2 u a n io m e i& i

The Q uantom eter is a  special instrum ent designed specifically 
for its  function of direct reading. T he accuracy is superior to 
•ordinary spectrographic m ethods which employ the photographic 
process, although the Q uantom eter’s lower lim it of m easurem ent 
needs about three tim es the concentration of an elem ent required 
by the best spectrographic methods.

The spectrom eter un it of the Q uantom eter is provided w ith a 
source stand  and bench, prim ary slit, and a choice of diffraction 
gratings. H igh resolution original gratings of 1 X 2 inch surface 
can  be supplied in  two types each having a  radius of curvature of 
150 cm. One ruling of 24,000 lines per inch covers the range of 
■2000 to  6000 A. w ith  a dispersion of 6.9 A. per mm. Another 
g ra ting  w ith 36,000 lines per inch provides a  range of 2100 to 
4700 A. w ith a  50%  increase in dispersion and resolution. Be
yond  this stage, the  Q uantom eter differs from conventional spec
trographs in  th a t i t  is designed w ith a long focal curve along 
which slit-covered receivers are placed in  order to  in tercep t any 
desired spectral lines. As m any as twelve receivers can be 
moved into position w ithou t serious interference between them , 
such th a t  several lines close together in the spectrum  can be 
m easured simultaneously. The radiation entering each receiver 
falls on an electron m ultiplier phototube. The ou tp u t of this 
tube, which is proportional to  the light intensity , is integrated  and 
converted into a  series of electrical impulses. These impulses, 
a fte r suitable amplification, are passed on to  the recording con
sole. The results appear as percentages of each elem ent, ex
hibited on a prin ted  tape.

Figure 1. Receiver Assem bly of Quantometer

The receiver assembly of the Q uantom eter is shown in Figure 1. 
Each receiver consists of 'a mechanical and electrical assembly 
which moves along the ways and supports the m irror and slit 
components. The electrical u n it is readily rem ovable for in 
spection or repair and  contains the m ultiplier phototube, its 
voltage divider, and the in tegrating  and amplifying circuits.

irott 4326

Figure 2. Front of Console. Direct Recording of Per Cent 
Composition

T he positioning of each u n it is accomplished by precision screws 
turned from a control panel a t  the side of the spectrom eter. A 
dial and indicator perm it the correct setting  on a  desired spec
tral line w ith a few Angstrom s by means of a  wave length vs. 
d ial-setting graph. F inal ad justm ent is m ade in less than  a  m in
u te  w ith the  aid of a  line profiling meter.

T he maximum com plem ent of receivers consists of three re
ceivers m ounted on each of four bridges, or a  to ta l of twelve. 
Since one of these is scanning an in ternal reference line, the re
m aining eleven can sim ultaneously m easure eleven o ther ele
ments.

T he final analytical results are furnished by the  in tegrating  re
corders. These consist of m otor-driven electrom agnetic coun
ters which drive 50-inch tapes on which percentages of the vari
ous constituents are prin ted . These values appear in  little  win
dows or apertures in  th e  front of th e  console (Figure 2). After 
a  reading has been noted by th e  operator, the tape can be re
stored to  its  original or zero position by pushing a button .

/I tic d tf iic a l p rio c e d u sie .

T he analytical procedure is simple. One receiver is placed 
so th a t  i t  scans a  line of th e  in ternal standard  elem ent. T he sen
sitiv ity  of this m onitoring receiver is so adjusted  th a t i t  com
pletes a  cycle of 500 counts during the sparking period, say 25 
seconds. O ther receivers, wduch are scanning appropriate lines 
of th e  elem ents th a t are to  be determ ined, are accum ulating 
counts during th is in terval in  proportion to  the am ount of those 
elem ents present. T he sensitivity of each recorder is adjusted 
un til the correct percentage of each elem ent is indicated when a 
standard  sample is being sparked. The sensitivity ad justm ent
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can be made w ith ease and precision by means of a  coarse and 
fine tapped-sw iteh control. A hundred fold variation in receiver 
sensitivity  can be m ade in steps of 0.3% . When the calibration 
procedure is finished, the operator can assure him self a t  any tim e 
th a t everything is in  order, m erely by sparking the standard  
sample. A t the conclusion of the sparking period, the percent
age of each element appears a t  the appropriate window.

T h e  " s t a n d a r d  o f  e x c e l l e n c e "  in fine  
c o n s t a n t  t e m p e r a t u r e  e q u ip m e n t .

•  F iv e -Y e a r G u a ra n te e , fo r  h e a tin g  un it 
an d  therm ostat

•  H yd ra u lic  Th erm o sta t, se n s it ive  to ,/£ °C .
•  F in ge r-T ip  Tem p era tu re  C o n tro l
•  N icke l-C h ro m ium  H e a te r Bank
•  A ll-M e ta l W e ld ed  C ab in e ts
•  G la s s  W o o l In su la t io n , 3 "  th ick , in 

doors an d  w a lls
•  S ta in le ss  Stee l In te r io rs , R ustp roo f Iron 

E xte rio rs

5 Y e a r  G u a ra n te e . 
The m an u factu re r's  
ce rtif ica te  goes w ith  
e ve ry  F reas  o ve n . 
It g u a ran tee s  the 
oven a g a in s t d e
fects in m a te ria ls  
a n d  w o rk m an sh ip  
fo r five  y e a rs .

Several advantages over t he conventional photographic method 
are apparent, of which speed is one. A second is the wide range 
of relative line intensities which can be accom modated. A 
third advantage is the fact th a t variations in contrast as a func
tion of wave length do no t arise, because the photom ultiplier 
cells have a  linear response w ith in tensity  a t all wave lengths.

Additional refinements include a  switching system  which per
mits the operator to  term inate the recordings on certain lines, 
while others are in  progress. T his is especially convenient for 
elem ents which have short “spark-out” times. Also, several re
ceivers m ay be used separately or sim ultaneously as internal

IXHAUSr
INÿUlAtlOM

Mechanical Convection models, for greatest efficiency:
F o rc e d  a i r  c ir c u la t io n  p ro v id e s  u n ifo rm  h e a t  th ro u g h o u t the 
o ve n , q u ic k ly  a n d  s u re ly . H e a t t r a n s fe r  is a c c e le r a te d , d ry in g  
tim e  is re d u c e d , o v e n  lo a d in g  c a p a c ity  is  in c re a s e d . A i r  
v e lo c ity  a d ju s ta b le  b e tw e e n  7 5  a n d  2 5 0  fe e t  p e r  m in u te .

Figure 3. General V iew  of Quantometer Installation

standard  receivers, each controlling th e  term ination  of its  own 
group of receivers. This is useful when the instrum ent m ay be 
called upon to  analyze two or three different alloys a t  a  m om ent’s 
notice.

A general view of a  Q uantom eter installation  is shown in Figure 
3, w ith excitation u n it and spectrom eter on the  righ t and the re
cording console on the  left. The best practices of electronic engi
neering arc to  be found in the console, w ith m ultiple channel 
units, readily accessible and  rem ovable for inspection. Conve
nient gang cables w ith m ultipronged a ircraft connectors are freely 
employed. All critical power supplies arc controlled with Sola 
voltage regulators and, in addition, critical high voltages for am
plifiers and m ultiplier tubes are electronically regulated.

T he m anufacturer has had 3 years’ experience w ith th e  Quan
tom eter, during which extensive da ta  have been accum ulated to es
tablish the precision and reliability of th is instrum ent. R a ther 
convincing evidence is a t  hand to  indicate th a t where a large 
am ount of repetitive work is to  be done, the instrum ent is likely 
to pay for the cost, of installation  in a  very  short tim e, and that 
m any m etallurgical processes are likely to  be radically changed as 
a  result of its  widespread use.

Wo have often been rebuked for im plying th a t m uch routine 
analysis of the fu ture would be a  m atte r of “pu tting  a sample in  a 
hopper and having th e  answer prin ted  on a ticket" . Technically, 
th a t a ttitu d e  seems to  require no fu rther defense; i t  is merely a  
m atte r of expediency, and, on occasion, a  necessity.

7 6 1 0 —G r a v ity  C o nvectio n , 3 5 -1 8 0 ° C  .........$150 .00
7 6 1 4 —G r a v ity  C o n vectio n , 3 5 -2 6 0 ° C   175 .00
761 8 —M ech an ica l C o n vectio n , 3 5 -1 8 0 ° C   31 5 .00
7 6 2 1 —M echan ica l C o n vectio n , 3 5 -2 6 0 ° C , . . .  350 .00 
7 6 0 9 —Flo o r s tan d , 3 3 "  h ig h , w ith  s h e lf   25 .00

Full Inform ation on These and Other Models 
Upon Request

SCHAAR& COMPANY
Com plete Laboratory Equipment 

748 W. LEXINGTON STREET CHICAGO 7
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T h e  N S W  L i n d b e r g  

i S e s f f r e n i e  T e s m p e r a f w r ©  C e n t r e !
F O R  L I N D B E R G  F U R N A C E S  E X C L U S I V E L Y

THE LIN D BERG  B O X  FU R
N A C E for chemical analyses and 
metallurgical tests requiring heats 
up to 2000° F.

t h e  d u a l  p u r p o s e  l i n d 
b e r g  PO T  FU R N A C E  for use
with crucibles, as well as for im
mersion heat treating. For heats 
up to 2000° F.

Detecting and controlling the slightest deviation in tem perature, this new mod

era te ly  priced "Lab -T y p e ” Indicating Pyrom eter Controller is autom atic— precise.

A fter setting, it holds the furnace tem perature unfailingly to within plus or minus 

2 ° . It eliminates the w asted  time required in watching m anually o p erated  con

trols. It instantly absorbs any variation in line vo ltage. It is better than any  

m echanical controller a t any price.

Type 291 Indicating Pyrom eter Controller w as designed specifically  for and is 

furnished only with Lindberg Laboratory  Furnaces. Furnaces with this new control 

a re  a v a ila b le  now at your lab o rato ry  equipm ent d ea le r.

LINDBERG ENGINEERING COMPANY • 2450 W. Hubbard Street, Chicago 12, Illinois

L M D B £ R G
W E I L  K N O W N  T H R O U G H O U T  T H E  W O R L D  A S  

L E A D E R S  IN  D E V E L O P I N G  A N D  M A N U F A C T U R I N O  
I N D U S T R I A L  H E A T  T R E A T I N G  E Q U I P M E N T

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



26 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. 8

o p m m

his inslrument retains 
all of the advantages 
o f the well established 
Hercules method without 
an y  of its disadvantages. 
Range extended to cover 
from 75  to 1,000,000 
cenlipoises Constant tem
perature jacket built-in. 
Automatic timer can bo 
furnished upon request. 
Write for bulletin No. 451.

U. S. PATENT NO 2,252,572 LICENSED 
UNDER HERCULES POWDER CO PATENTS

3 3 7  CENTRAL A V E. 
JER SEY  CITY 7 , N . J.

LUMETRON Colorimeter Mod. 450
for  N e s s l e r  T u b e s

A  new photoelectric instrument of high accuracy for the 
measurement of pale colors and faint turbidities.

•  For all analytical colorimetric determinations in which 
only a slight coloration can be developed.

•  For sanitary examination of drinkable water and for 
analysis of water for municipal and industrial purposes.

•  For color standardization of lightly colored liquids 
such as kerosenes, sugar solutions, solvents, varnishes, 
liquid waxes, vegetable oils, beverages, cosmetics.

•  Replaces visual color comparison in Nessler tubes.
W rite fo r lite ra ture  to

PHOTOVOLT CORP.
95 Madison A ve . New York 16, N . Y .

EXPLOSION PROOF C E N T R IF U G E
i S u i t a b le Fo r

CLASS 1— GROUP D LOCATIONS
TH E INTERNATIONAL MODEL BE CENTRI- 
FUGE is equipped with a 3450 r.p.m. explosion proof 
adjustable speed motor suitable for Class 1 — Group D 
locations. A vapor proof controller is mounted perma
nently on the guard bowl and connected through con
duit and explosion proof fittings to the motor. In 
addition to the 11" diameter basket style heads, inter
changeable tube carrying heads are available for 15, 50, 
100 and 250 ml. tubes and bottles.

T H E INTERNATIONAL M ODEL AE is similar to 
the BE, but is equipped with a 1750 r.p.m. adjust
able speed explosion proof motor and controller. I t  is 
designed chiefly for making the' B. S. & W. Test on 
petroleum.

F u r th e r  i n f o r m a t i o n  u p o n  r e q u e s t

IN T E R N A T IO N A L  E Q U IP M E N T  C O .

35 2  W estern A v e n u e  Boston 3 5 , M ass.

Makers of  Fine Centrifuges for M o re  than Forty Years
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ANNOUNCING Nem / W ä « ?

CARBON DIOXIDE
By ELTON L. QUINN

Professor of Chemistry, University of Utah

a n d  CHARLES L. JONES
Formerly Chief Engineer, American Dry Ice Corporation

T HE new printing 
restores tliis well- 
known book to the 

active list of Ameri
can Chemical Society 
Monograph Series. 
The demand for this 

book has been so great that we have been com
pelled to reprint the first edition published in 
1936.

CONTENTS: P reface. T h e Early H istory o f  Carbon  
D ioxide. P h ysica l P roperties o f  C arbon D ioxide. 
C hem ical Properties o f  Carbon D ioxide. Carbon 
D ioxide and  V ital P rocesses. C om m ercial M an u fac
ture o f  L iquid Carbon D ioxide. M an ufacture and  
D istr ib u tion  o f  Solid  Carbon D ioxide. U ses o f  C om 
m ercial Carbon D ioxide. A ppendix. S u b ject Index. 
A u thor Index.

294 p a g e s  •  I llu stra ted  •  2nd P rin tin g  •  $8.00

REINHOLD PUBLISHING CORP. “ ‘£

American Chemical 
Society Monograph 

N o. 72

P A L O - M Y E R S

LABORATORY STIRRERS
IMMEDIATE DELIVERY

LABORATORY STIRRER — 7609A — A constant speed 
gear drive stirrer, suitable for the heavier laboratory mixing 
operations. Induction type motor 110V AC only, chuck 
speed 287.5 r.p.m . Torque 3.0 inch lbs., 1/50 h.p., ball 
bearings, inclosed gears, forced a ir circulation, push 
button switch. $34.50

UNIVERSAL STIRRER — 7605 — An inexpensive, direct 
drive stirrer suitable for general laboratory use. Built in 
rheostat control. Speed 0-5000 r.p.m . 110V AC-DC.

$14.95

PALO PIG M Y STIRRER — 7605C — A m idget labora
tory stirrer with an unusual amount of Torque for a stirrer of 
this size, suitable for light m ixing.’ Speed control, 0 to 
5000 r.p.m . $10.50

LABORATORY STIRRER — 7605B —  A heavy duty 
table top stirrer, rheostat provides smooth speed control 
over full range — continuous duty motor 110V AC-DC. 
1/75 h.p. — 0-8000 r.p.m . at no load, ball bearing forced 
air circulation. $23.50

A ll P alo-M yers stirrers equ ipped  w ith  so lid  brass 
ch u ck -ca d m iu m  p la ted  — tru e  ru n n in g  — Vi" c a 
p ac ity .

S c ie n tif ic  E qu ipm en t a n d  S u p p lie s

T»AIo-MYERS in c .
81 Beads St. New York 7, N. Y.

ELECTROLYTIC APPARATUS

R A P ID  AND A C C U R A T E  
DETERM INATION OF M ET A LS

Electrolytic analysis of metallurgical samples de

mands highly accurate, yet easy to operate appa

ratus. The Braun M odel PC Electrolytic Apparatus, 

designed to meet every requirement for the most 

exacting technical analysis, meets every need for 

either routine or critical research work.

Uniform determinations of copper, lead, antimony, 

cadmium, nickel, tin, zinc and other metals can be 

made quickly, permitting continuous routine 

analysis with minimum expenditure of time and 

labor. A l l  units operate independently of each 

other so that as many as six Individual analyses may 

be made simultaneously on one 6-unlt outfit. 

These outfits, available In 2, 4  and 6-unlt assem

blies, constitute the Ideal equipment for busy labo

ratories. For complete Information address Dept. 

A -8 .

B R A U N

C O R P O R A T I O N
2260 East Fifteenth S tre e t^ ^ ^ ^ Los Angeles, California

San Fiancisco, Calit. Seattle. Washington
BHAUN-KNECHT-HEIMANN-CO. ^  SCIENTIFIC SUPPLIES CO.
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'

R E M L E R  A P P O IN T E D  

A gent for

W A R  A S S E T S  
A D M I N I S T R A T I O N

(U nder Contract N o . 5 9 A -3 -4 8 )  

. . .  to handle and sell a 
w ide variety of

ELECTRONIC 
EQUIPMENT

released for civilian use

W rite for Bulletin Z - 1 A  

Remler Company Ltd., 2107 Bryant St., San Francisco 10, Calif.

R E M L E R  Since 1918
Radio • Com munications • Electronics

L E C O  
COMBUSTION BOATS
have been  designed  to  w ith 
s ta n d  t e m p e r a tu r e s  u p  to  
2700° F ahrenheit.
In  a d d i t i o n  th e y  g iv e  yo u  
these  fea tu res:
•  Fast p reh ea tin g  because o f  
lig h t w eigh t.
•  R esist heat sh o ck  to  perm it 
reuse  o f  the  b o a t fo r repeated  
c o m bustions.
•  S u lp h u r free.
•  C arbon  free, excep t as co n 
tam ina ted  from  h and ling .
•  V E R Y  L O W  C O S T
T h e re  is a Leco C om bustion  
B oat to  su it y o u r every re 
q u irem en t. Large stocks o f  
s tan d ard  shapes and sizes are 
m ain ta ined  to  assure im m edi
a te  delivery.Special shapes may 
be fu rn ished  u p o n  request. 
C om pare  the  Leco b o a t w ith 
any  o th e r  on  th e  m arke t. W e 
w ill fu rn ish  you free sam ples 
fo r this p u rp o se .

Originally designed for the United States Army, the Cole-, 
man model 6A Junior Spectrophotometer brings to your 
laboratory the inherent precision and speed of spectro- 
chemical analysis in an economically priced instrument. 
Qualified by precision and reliability for real research 
tasks, this new instrum ent is equally adaptable for rapid 
clinical routines w here it will be found almost unbreakable 
and so simple that its operation can be mastered by the 
regular technician in a matter of minutes.
The Junior is a true  Spectrophotometer, not an abridged 
colorimeter. It utilizes the same W ood's diffraction grating 
and substantially the same optical system and direct read
ing galvanometer scale as the more expensive Coleman 
Universal Spectrophotometer. It differs from this latter by 
a wavelength range limited to the visible spectrum (400- 
700 mix) and by cuvette mountings specifically designed to 
accept the several test tubes most popular to 'clinical 
laboratories.
The persistent dem and of microchemistry is answ ered by 
a %  inch diam eter cuvette, allowing exact spectrophoto- 
metric measurements with as little as 1.0 ml. of sample. 
O ther adapters allow tests with the 12 mm. Kahn tube, 
also with both long and short %  inch test tubes, the former 
being particularly convenient for bacteriological studies. 
W ithout adapters, the. cuvette will accept 1 x 4%  inch test 
tubes.
The photo circuit of this instrum ent is so sensitive that the 
814 volt exciter lamp is actually operated at only 6 volts. 
This results in lamp life expectancy of better than 3000 
hours and allows operating either from any 6 volt, 80 AH 
storage battery or from a 6 volt constant voltage trans
former.
Readings appear directly on illum inated subpanel scales, 
and both scale windows and control shaft bearings are  of 
w ater-tight construction to minimize spillage hazards.
The instrum ent is housed in  a  tan vitreous enam elled cast- 
iron case. It is 9 inches wide by l l j ^  inches deep by 8}4 
inches high. It uses 5 am peres at 6 volts AC or DC sup
plied from either storage battery or constant voltage trans
former (not integral).
A-5636 C olem an  Junior S p ectrop h otom eter , m od el
6A , complete with plastic light shield, mounting pads, re 
movable transm ittance density scale panel, and operating 
directions. E ach  $310.00

GLASS a p p a r a t u s  eo., inc.
U b H W W  B L O O M F IE L D  •  N E W  JE R S E YSCIENTIFIC

L A B O R A T O R Y  EQUIPMENT C O R P O R A T IO N
BENTON HARBOR, M ICH IGAN
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7 / / V ^ _  C O L E M A N  I NS T R U ME N T S ,
C O LEM A N  3 , 8  M A D I S O N  S T . ,  M A Y W O O D ,
'— S A L E S  O F F I C E  N E W  Y O R K

C O L E M A N  
p H E L E C T R O M E T E R S

(Ju l- fa sh io n e d
Method

With Hand 
Homogenizer

G et Perfect

“Test Batch” 
Emulsions

A — Properly B —Old-fashioned
homogenized with method; not

II  and properly
Homogenizer. homogenized.

Easily, Q uickly with This Special

LABORATORY H OM OGENIZER
L a b o ra to ry  tim e is va luab le  an d  m ateria ls  a re  costly. W hy w aste  
e ithe r on e  w hen  the L a b o ra to ry  H o m o g en izer g ives h ig h  g ra d e  
em ulsions w ith perm anent suspension . . . p rov ided  in g red ien ts  a re  in  
correct ra tio . Id ea l fo r experim en tal w ork . I t ’s the  p ro fessional 

"W ay o f  ém ulsification used by h u n d red s  o f  lab o ra to rie s . A g lance a t 
the  p h o to g ra p h s  above  w ill show  you w hy.

Easily o p e ra ted  by  m erely  pu m p in g  h an d  lever. S im ple  to  keep 
c lean—n o th in g  to  stick o r  b reak . M ade o f m olded  alum inum ; 
IOV2" h igh . S ta in less steel p iston . A vailable now  fo r quan tity  o rders . 
O n ly  S6.50 , d irec t o r  from  your supply  house. Satisfaction guaranteed.

H A N D

HOM
INTERNATIONAL EMULSIFIERS, INC.
Dept. 1 0 1 , 2 4 0 9  S u rre y  Court, Chicago

S A V E  T I M E  A N D  M A T E R I A L  
WI TH A  V E R S A T I L E  C O LEM A N

Fast—accurate pH tests are vital to modern product con
trol. Wherever pH is a factor—in plant or lab—reliable 
Coleman pH Electrometers deliver precise data with real 
economy of operation.

Portable, rugged, unaffected by humidity or stray 
fields, only the Coleman pH Electrometer has fully Auto
matic Temperature Compensation. Reads both pH and 
millivolts—measures oxidation reduction potentials. 

Write for new Bulletin B-207.

•  A ccu ra cy  e q u a l to g ra v im e tr ic  m ethod m eets 
standards of procedure recommended to ÂSTM.

•  Costs less than com parable equipment.
•  A daptable to both a lka lin e  and iodate methods.

•  Requires less skill in handling than other equipment.
•  Pipettes and burette designed for automatic zeroing.

AVAILABLE NOW . . . . . . . . .  PROMPT DELIVERY
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BALANCES
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LABORATORY CONSTRUCTION COMPANY
1115 Holm es Street • Kansas City 6 , M o.

Capacity : 10 Pounds • Sensitivity: 1 G rain  
Pans: 9 "  D iam eter • W oo d en  Base: 9 x 9 x 1 8 ^ "  

Brass W eights: 1 0  mgm to 1 0 0 0  G m s.

P r i c e  —  $ 37.50  C o m p l e t e  

A. DAIGGER & COMPANY
Laboratory Supplies and Equipment 

Serving Science fo r  52 years.
159 W est K inzie  St. C hicago 10, U. S. A.

ADAMS Safety-HeadCENTRIFUGE
Improved Model As Supplied to U. S. Army and Navy
This centrifuge offers important advantages over the .conventional units. The tubes are 
suspended at a fixed 52° angle —  thus faster sedimentation is achieved by the shorter 
distance particles are required to travel . . . creating mass, and reaching the bottom more 
quickly. The tubes remain in the angular position and no stirring up of sediment results .

CT-1001 - A D A M S  S E N IO R  S A F E T Y -H E A D  C EN T R IFU G E  for SIX  
15 ml. TUBES.

Exclusive of tubes or sh ie ld s ...................................  Each S54.00

Above centrifuges have universal motors for 110-volt A .  C. or D. C . cur
rent. Additional charge of $2.00 is made for 220-volt universal motors.

* With underguard No. CT-1055 with six 15 ml. tubes 
loaded. 4200 R. P. M . on A .  C. with same load.

M IC R O  and SEM I-M IC R O  tubes (5 ml. to 0.5 ml.) can be accommodated by pur
chasing extra shields. N o adapters are required.

Other A D A M S  C EN T R IFU G ES are described in our new literature Form 309-R3/EC. 
Write for a copy.

CLÄY-ADAMS C O JL
A D A M S )

44 EAST 23rd STREET, NEW YORK 10, N. Y.

Faster Ether Extractions

No.  3 0 0 0  "G o ld f isch "  Extraction A p p a 
ratus dimensions, 10 "  X  38 "  X  31" high. 
Available  in 2, 4 ,  and 6  capacity units, 
complete with all glassware and ready to 
operate.

•
A  radically improved ether extraction appa
ratus, accepted by hundreds of control and 
research laboratories as a fast, accurate, and 
flexib leaid in their work. Complete informa
tion, comparative tests, and list of users upon 
request.

CT-1000 Same as above, but complete with six round bottom brass shields 
with rubber cushions and three each graduated and ungraduated taper bot
tom 15 ml. glass tubes.

Without protective cap or underguard .......................................... Each S58.50

CT-1055 U N D E R G U A R D ............................................................ Each S 3.50

CT-1050 P R O T EC T IV E  C A P ......................................................Each S 2.50
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Klett M a n u f a c t u r i n g  C o .
179 E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N . Y .
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K l e t t . . . .
Ph otometers

Greater Accuracy in Absolute Units

For d e te rm in ing  the  abso lu te  viscosity  o f gases, liqu ids, 
o ils, p lastic, syrups, o r  viscous ta rs . D irec t re ad in g s  in 
cen tipo ises (o r  cen tistokes). F rom  0.01 to  1 ,000,000 
cen tipo ises. Accuracy: 0 .1%  to  0 .5 % . D ifference in  vis
cosity  betw een d istilled  and  tap  w a ter can be m easured.

T h e  fa lling  tim e o f  the  ball m ultip lied  by o th e r  given 
factors show s th e  abso lu te  viscosity in  cen tipo ises. Small 
sam ple  (30 cc) req u ired . R esults consis ten t and  re p ro 
ducible.

W rite  today for new Bulletin H V -3 0 3 .

O rder direct or from leading laboratory supply dealers.

FISH -SC H U R M A N  C O RPO R A TIO N
230 E a s t  45 th  S t r e e t ,  N ew  Y o rk  17, N . Y .

Fish-Schurmair Ike  Klett
ty lu o > U łn e ie si

■

L
=KLETT SCIENTIFIC PRODUCTS;

ELECTROPHORESIS APPARATUS .  BIO-COLORIMETERS 
GLASS ABSORPTION CELLS .  COLORIMETER NEPHELOM
ETERS .  GLASS STANDARDS .  KLETT REAGENTS

HOEPPLER
VISCOSIMETER

Absolute viscosity according 
to the Falling Ball Principle

P U o io eleo b u c

Q lcU i C e il 

Q olottim etett

D esigned  for th e  
rapid and  accurate  
d e t e r m i n a t i o n  of 
th ia m in , riboflavin, and o th er su b stan ces w h ich  
fluoresce in  so lu tio n . T he sen sitiv ity  and  s t a 
b ility  are su ch  th a t  i t  has b een  found  p articu 
larly u sefu l in  d eterm in in g  very sm a ll a m o u n ts  
of th ese  su b stan ces.

No. 900-3

N o. 2070
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R EA D ! IN

COMMERCIAL QUANTITIES

B & Ä  
M etall ic  
Nitrates

(PURIFIED AND REAGENT 
GRADES)

From Aluminum to  Zinc —whenever your pro
duction program calls for one of the Metallic 
Nitrates, make the Baker & Adamson Divi
sion of General Chemical Company your 
source of supply.

These BAA Fins Chemicals are available in 
tonnage or other commercial quantities 
with two grades of most to choose from: 
Purified, for general manufacturing use;

Reagent, fpr more exacting requirements. 4

Into the ir production goes all of the skill and 
science Baker & Adamson has gained in 64 
years of “setting the pace in chemical pu
rity!’ That is why B&A Metallic Nitrates are 
products of highest quality in every grade. 
That is why you can be sure—and be satis
fied—when you specify B&A Metallic Ni
trates for your operations.

ALUMINUM
NICKELOUS
CHROMIUM

COBALTOUS
CADMIUM

CUPRIC
LEAD

Ferric
Magnesium
Calcium
Zinc
and others

G E N E R A L  C H E M I C A L  C O M P A N Y

Ba k e r  A d a m so n  d iv is io n
40 R E C T O R  S T R E E T .  NEW YO R K  6. N. Y.

Sales and Technical Service Offices: A tlanta • Baltimore •  Birmingham* • Boston •  Bridgeport • Biiffa 
Charlotte* •  Chicago* •  Cleveland* •  Denver • Detroit* •  Houston • Kansas City •  Los A n «  
M inneapolis •  New Y>rk* •  Philadelphia* •  Pittsburgh* •  Providence •  St. Louis* •  San Francisco •  ->c

Utica • Wenatchee (W ash.) •  Yakima (W ash.)
In Wisconsin-. General Chemical W isconsin Corporation, M ilwaukee, W is.

In Canada: The N ichols Chemical Company, Limited •  Montreal* •  Toronto* •  Vancouver

S E T T I N G  T H E P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8  8 2

* Complete stocks carried here.


