
INDUSTRIAL a n d  ENGINEERING CHEMISTRY
AN A LYTICAL EDITIO N

W ALTER J. M U RPH Y, EDITO R O ISSUED SEPTEMBER 19, 1944 O VOL. 16, NO. 9 

Lawrence T. H a lle łt, Associate Editor

•  CONSECUTIVE NO. 18

Editorial Assistant: G. G la d y s  G o iid o n

R. P. C h ap m an  
J. R . C h u r c h i l l  
B. L. C la r k e

Manuscript Assistant: S t e l l a  A n d e r s o n

Advisory Board
T . R . C u n n in g h a m  
G . E . F . L u n d e l l  
M . G. M ellon

Make-up Assistant: C h a r l o t t e  Ç. S a y r e

R . H . M ü l l e r  
B-. L. O s e r  
II. II. W i l l a r d

S y s te m a tic  P ro c e d u re  fo r Id e n tif ic a tio n  of S y n th e tic  
R esin s  a n d  P l a s t i c s ..................T. P. G ladstone Shaw

D e te rm in a t io n  of H y d ro cy an ic  A cid, E specia lly  in  
C oke-O ven  G a s .....................................................................

J. A. Shaw, R. H. Hartigan, and Anna M. Coleman

P h o to m e tr ic  D e te rm in a t io n  of P h o sp h o ru s  in  L im e ­
s to n e  . J. A. Brabson, J. H. Karchmer, and M. S. Katz

D e te rm in a t io n  of T in  b y  M odified  Io d o m e tr ic  
M e th o d  . . . Thomas B. McDow, Kenneth D. Furbee,

and Frederick B. Clardy

P u rific a tio n  of S o lv en ts  fo r A b so rp tio n  S pec tro scopy
Morris M. Graff, Robert T. O ’Connor, and Evald L. Skau

S u lfu ric  A cid E x tra c tio n  in  H y d ro c a rb o n  T ype 
A n a l y s i s ..................C. C. Allen and H. W. Duckwall

D e te rm in a t io n  of L a rg e  A m o u n ts  of M an g an ese  . .
Harvey D. Hillson

D e te rm in a t io n  of R a te  of C u re  of G R -I a n d  N a tu ra l  
R u b b e r  . . . .  Leonard H. Cohan, M adeline Sohn,

and Martin Steinberg

Q u a n tita tiv e  D e te rm in a t io n  of E x tra c ta b le  G ossypol 
in  C o tto n seed  a n d  C o tto n se e d  M e a l ..........................
C. H. Boatner, Maizie Caravella, and Lillian Kyame

D e te rm in a tio n  of T h ia m in e  by  T h io c h ro m e  M e th o d
Donald F. C lausen and Ray E. Brown

P h o to m e tr ic  D e te rm in a t io n  of S ilica  in  C o ndensed  
S te a m  in  P re sen ce  of P h o s p h a t e s ..............................

Frederick G . Straub and Hilary A. Grabowski

T h iam in e  D e te r m in a t io n ....................................... ....
M argaret A. Eppright and Roger J. Williams

Device fo r R a p id  C losing  of W eig h in g  B o ttle s  . . .
Sarah Myers Chastain

S u b s t itu te d  1 ,1 0 -P h e n a n th ro lin e  F e rro u s  C om plex  
O x id a tio n -R e d u c tio n  I n d i c a t o r s ..............................

G . Frederick Smith and Frederic P. Richter

T h e  A m erican Chem ical Society assum es no responsibility  
29,600 copies of th is  issue p rin ted .

541

550

553

555

556

558

560

562

566

572

574

576

579

580

U se of S y n th e t ic  D e te rg e n ts  in  V an  S lyke D e te r ­
m in a t io n  of O xygen C a p a c i t y .......................................

Carl S. Vestling and Martin A. Swerdlow 581

Q u a n tita t iv e  M e th o d  fo r D e te rm in a t io n  of M alto se  
in  P re sen ce  of G lu c o s e .............................H. H. Browne 582

E s tim a t io n  of P y rid in e  C o n te n t of P y rid in e -A ce tic  
A cid M ix tu re  U sed in  R iboflav in  D e te rm in a t io n

J. H. Lanning and C. A. Roszmann 583

P re c is io n  H ead  fo r S m a ll F ra c t io n a t in g  C o lu m n s  . .
R. S. Towne 584

C irc u la tin g  Device fo r U se w ith  H y d ro g en  E lec tro d e
James Curry and Z. Z. Hugus, Jr. 585

A p p a ra tu s  fo r M e a su rin g  R a te  of G as P e n e tr a tio n  
th r o u g h  F o o d -P ack ag in g  M a t e r i a l s ..........................

F. R. Smith and Max Kleiber 586

U se of A lte rn a tin g  C u r re n t  S o leno id  in  F reeze  T e s ts
H. G. Bimmerman and W. N. Keen 588

M o n e l M e ta l P o u r in g  P la te  fo r S ilica  F u s io n s  . . . .
R. S. Young 590

S im p lified  C o n d u c to m e tr ic  T i t r a t io n  A p p a ra tu s  . .
Edmund M. Bura.s, Jr., and J. David Reid 591

Im p ro v ed  T im in g  Siphoxfi . . . William R. McMillan 592

S im p le  A u to m a tic  P u m p  fo r C o llec tin g  G ases a t  
Low  P r e s s u r e s ..........................................I. E. Puddington 592

M IC R O C H E M IST R Y  
D e te rm in in g  V o la tile  B ases in  F i s h ..........................

M aurice E. Stansby, Roger W. Harrison, John Dassow,
and Marie Sater 593

P o la ro g ra p h ic  U se of O rg an ic  R e a g e n t s ..................
K. G . Stone and N. Howell Furman 596

N O TE ON ANALYTICAL PR O C ED U R E 
U se o f C o lo r In d ic a to r  in  T a n n in  M e th o d  fo r 

D e te rm in a t io n  of B e ry lliu m  a n d  A lu m in u m
Geo. W. Sears and Helen G ung 598

for the  s ta tem en ts  and  opinions advanced  by con tribu to rs  to  its  publications.
C opyrigh t 1944 b y  A m erican Chem ical Society.

Published b y  th e  A m erican Chem ical Society a t  E aston , Pa. E d i­
torial Office: 1155 16th S tree t, N . W ., W ashington 6 , D . C .; telephone,
Republic 5301; cable, Jiechem  (W ashington). Business Office: Am erican 
Chemical Society, 1155 16th S tree t, N . W., W ashington  6 , D . C. A dvertis­
ing Office: 332 W est 42nd S tree t, New Y ork 18, N . Y .; telephone, B ry an t

E ntered  as second-class m a tte r a t  th e  P o s t Office a t  E aston , Pa., 
under the  A ct of M arch  3, 1879, as 24 tim es a  year— In d u stria l E dition 
inonthly on th e  1st, A naly tical E d ition  m on th ly  on th e  15th. A cceptance 
lor mailing a t  special ra te  of postage provided for in Section 11C3, A ct of 
October 3, 1917, au thorized  Ju ly  13,1918.

R em ittances and  orders for subscrip tions and  for single copies, notices of 
changes of address and  new professional connections, an d  claims for missing 
numbers should be sen t to  the  A m erican Chem ical Society, 1155 16th Street, 
*>• vV., W ashington 6 , D . C. C hanges of address for th e  Industria l E dition  
n»U8t be received on or before the  18th -of the  preceding m onth  and for the

A nalytical E d ition  no t la te r th an  the  30th of th e  preceding m onth . Claims 
for missing num bers will n o t be allowed (1) if received m ore th an  60 days 
from d a te  of issue (owing to  the  hazards of w artim e delivery, no claims can be 
honored from  subscribers outside of N orth  Am erica), (2) if loss was due to 
failure of notice of change of address to  be received before th e  da tes  specified 
in the  preceding sentence, or (3) if the  reason for claim  is "m issing from 
files” .

A nnual subscription— Industria l E d ition  and  A naly tical E d ition  sold 
only as a  un it, m em bers $3.00, nonm em bers $4.00. P ostage to  countries no t 
in the  Pan-A m erican Union $2.25; C anadian  postage $0.75. Single copies— 
cu rren t issues, Industria l E d ition  $0.75, A naly tical E d ition  $0.50; back 
num bers, In d u stria l E d ition  $0.80, A naly tical E d ition  prices on request; 
special ra tes to  mem bers.

T he A m erican Chem ical Society also publishes Chemical and Engineering  
News, Chemical Abstracts, and  Journal o f the Am erican Chemical Society. 
R ates on request.



4 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. 16, No. 9

FREE REPRINTS NOW AVAILABLE...
Reprinted from Analytical Edition/ INDUSTRIAL AND  
ENGINEERING CHEMISTRY, Vol. 16, Page 419, July 15, 
1944, Copyright 1944 by the American Chemical Society 
and reprinted by permi**ion o f the copyright owner.
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accurate and safe

f t i o c e d u n e

for
“ Sampling and Analysis of Anhydrous Hydrogen Fluoride”

HARSHAW HAS PLAYED 
A LEADING PART

IN PIONEERING HF

( 6 - l b .  C y l i n d e r s  
In 1 9 3 8 )

T
HE production and use of anhydrous hydrogen 
fluoride in cylinders and tank cars have in­

creased considerably.

Because of the volatility  of anhydrous hydrogen 
fluoride (boiling point 19.4° C.), the hazards of han­
dling, and the tendency of impurities to  segregate, 
a correct and safe sampling procedure is absolutely 
essential.

Harshaw research chemists describe a new technique 
for meeting this problem in the July issue of this 
magazine. The complete procedure which yields 
excellent results, is illustrated and described in a 
four-page reprint which is yours for the asking.

Write today. We will gladly send you a copy.

hS ^ Trie HARSHAW CHEMICAL <°
1945 East 97th Street, Cleveland 6, Ohio 
B R A N C H E S  I t f & t f J N C I P A L  C I T I E S
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Fifty to seventy-five analyses of 

mixtures as complex as this Catalytic Cracking Unit 

Overhead are being made on one Consolidated 

Mass Spectrometer in one week (40 hours). As 

many as two hundred analyses of similar mixtures 

may be made in one week if only key components 

are required.

M e th an e

Ethen e

E th a n e

P ro p e n e

CATALYTIC CRACKING UNIT OVERHEAD
Iso b u ta n e

Iso b u te n e

rtcccviacy: Average accuracy for the

determination of paraffins is ±  0.3%; for separate 

C., olefins, ± 1.0%; for total C., olefins, ± 0.4%; 

for total C5 olefins, ±  0.5%, and for propylene and 

and ethylene, ±  0.4%.

N -B u te n e

N -B u ta n e

Iso p e n ta n e

P e n e te n e s

N -P e n tan e

THE COMPLETE q u a n tita t iv e  a n a ly s is  o f th e  o v e rh e a d  fro m  a  ca ta ly tic  c rack ing  u n it re q u ire s  a  to ta l  o f  234 m an  ho u rs , 
w h ile  th e  a n a ly s is  fo r  th e  key  co m p o n en t (N -P en tane) re q u ire s  45 m inu tes. A n a ly sis  fo r  key co m p o n en ts  o f o th e r  re ­

fin e ry  s tre am s, such a s  d e p ro p a n iz e r  to p s  a n d  b o tto m s a n d  d e b u ta n iz e r  to p s  a n d  b o tto m s, can  be  d o n e  in 25 -60  m inu tes. 
Thus d e v ia tio n s  from  n o rm a l re fin e ry  o p e ra tio n  m ay  b e  d e te c te d  in a  re la tiv e ly  sh o rt tim e, p e rm ittin g  f a r  c lo ser con tro l 
th a n  h a s  h e re to fo re  b e en  po ssib le .
T he C o n so lid a te d  M ass  S p ec tro m e te r is o ffe red  to  w a r  in d u s trie s  u n d e r  a n  a g re e m e n t w h ich  p ro v id e s  fo r  in s ta lla t io n  o f 
th e  in s tru m e n t a n d  tra in in g  o f o p e ra to rs  a s  w ell a s  in su ring  cu sto m er p a rtic ip a tio n  in fu tu re  d ev e lo p m en ts . W rite  fo r  
p a r tic u la rs .
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J . H E  l a r g e  ARL-DIETERT Grating 
Spectrograph with the Multisource Unit and Compara- 
tor-Densitometer form a mated set of practical analytical 
equipment, capable of the utmost in performance, 
accuracy, speed, and versatility of operation.

The Large ARL-DIETERT Grating Spectrograph is 
ideal for either the analysis of material possessing simple 
spectra or of material with a more complicated spectra 
such as alloy steels. For the latter type of material, the 
spectrograph is operated in the second order with a 
uniform dispersion of 3.5 angstroms per mm. Lines that 
are 0.05 angstroms apart are easily resolved with clear 
cut definition.

The Multisource Unit heralds a new era in spectro- 
chemical analysis. This versatile instrument will obtain 
the maximum in accuracy and increase the scope of 
operation of any spectrograph. The Multisource is more 
powerful than any other excitation unit, and the repro­
ducibility of the excitation is the best obtainable.

The Comparator-Densitometer makes a speedy identi­
fication of the spectral lines of 72 elements. Time is 
saved and human error is reduced to a minimum with 
the accurate and easy to read galvanometer.

The practical staff of ARL-DIETERT spectrogra- 
phers is qualified to help you solve your analytical 
control problems.

W rite  to d a y  f o r  in fo r m a t io n  o n  sp e c tro g ra p h ic  e q u ip m e n t  a n d  c o n s u l ta n t  serv ice ,

A.R.L. * DIETERT
A P P L I E D  R E S E A R C H  L A B O R A T O R I E S  
4 3 3 6  SAN FERNANDO RD., GLENDALE 4 , CALIF.

H A R R Y  W .  D I E T E R T  C O .  
9 3 3 0  ROSELAWN AVE., DETROIT 4 ,  MICH.

a n a ly s is  • •

te in
accurate perform ance
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&ow com
CORPORA 
MIDLAND,Ml'

new
A totally new lubricant—one ot a  series of 
recent silicone developments by Dow Corning— 
has proved highly successful for use in glass 
and ceramic stopcocks, especially in instances 
where acids, alkalies and other corrosive 
chemicals are handled. For Dow Corning Stop­
cock Grease is inert to most chemicals . . .  it 
maintains its effectiveness over exceptionally 
long periods . . . and it remains soft throu 
out a remarkably broad range of 
temperatures: from -40°F. to

For information regarding  Dow Corning Stopcock Grease, 
we suggest that you  comm unicate with your laboratory 
supply house.
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This Carbon Combustion Furnace, FH-303A, 
w il l  w ithstand the hardest k in d  o f  service. 
The C hrom el-A  w ire  o f  the hea ting  unit is 
7  G a . and has d ire c t contact w ith  the com­
bustion tube. This furnace is tough end 
e ffic ien t. Specify i t  fo r your laboratory.

#  Hoskins Laboratory Furnaces are "good 

soldiers." Their Chromel-A units have plenty 

of stamina to withstand the hard-going 

your laboratory demands. Also, note the 

construction of this FD muffle furnace. 

See how easy it is to get at the heating 

unit, and apply a new coil. The unit oper­

ates on only one voltage, so that the

Combustion Furnace

wire may be as heavy as possible. The 

unit wraps around the grooved muffle. 

The whole design is one of simplicity, 

durability and economy. You’ll keep your 

laboratory rolling along, with durable 

Hoskins Electric Furnaces. Write to your 

dealer or to us . . . Hoskins Manufacturing 

Company, Detroit, Michigan.
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L o c a ted  in strategic centers throughout the United States an d  

Canada— helpfully near both Nations’ laboratories, are over 200 Laboratory 

Supply Dealers who distribute Coming’s Chemical Glassware.

Despite shortages, priorities and other restrictions, each dealer maintains a 

high standard ol sendee. His knowledge of his customers and his appreci­

ation of their needs has enabled him to fulfill the majority of their require­

ments, not only on Corning products but on many other laboratory items.

Your laboratory supply dealer is more than a merchant. He offers you an 

essential— a professional— service. He can serve you promptly and person­

ally. His experience, his advice, his sources of supply are at your command.

Turn to him first. He is the Number One Man in the laboratory

equipment field— a helpful friend in war or peace. /

P Y R E X "  a n d  " V Y C O R "  a re  re g n te re d  
tra d e -morks and ind ica te  m on vfoctvre  b yPYREX
CORNING GLASS WORKS

C O R N IN G . N .Y .
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CENTRAL SCIENTIFIC COMPANY
SCIENTIFIC INSTRUMENTS ( ü R w f f i )  LABORATORY APPARATUS

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO

THE CENCO-LECO COMBUSTION FURNACE is designed spe­
cially for all high temperature combustions. It features efficiency 
in insulation and fast heating, and is particularly adapted for the 
Cenco-Leco Carbon and the Leco Sulphur Determinators.

W rite fo r  M e ta llu rg ic a l B u lle tin  7 6  d e sc r ib in g  n e w  a n d  s p e c ia liz e d  
in s tru m e n ts  fo r  r a p id  a n a ly s e s  o f  m e ta ls  a n d  a llo y s .

The Cenco-Leco C arbon Determinator enables 
w ar plants to determ ine carbon in ferrous and 
non-ferrous metals with great speed, accuracy  
and  utmost simplicity. A complete determ ina­
tion can be m ade within two or three minutes 
with an accuracy well within the tolerances of 
ordinary methods. The entire procedure is 
essentially m echanical and  is easily u nder­
stood by the layman.

The com plete apparatus, catalogued as No. 
26170, consists of a  pipette, burette, burette 
illuminator, and  side-arm leveling bottle 
m ounted on a heavy iron base, attractively 
finished. An im proved pipette provides for 
rap id  and  efficient absorption with only one 
passage of gas. The new  pear-shaped, rap id  
burette is calibrated for one gram  samples 
from 0 to 3^%, for 34 gram  samples from 0 to 
6%  carbon. As described, with thermom eter.

$189.50

Cenco No. 
26170
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,  Purified

S fa & U a l S e n d e e  f

W hen research indicates coromer. 

cial quantities o f special chemicals 

may be used advantageously  in  

your p roduction  process, call in  

Baker & Adamson. We will gladly 

discuss the feasibility of producing 

such chemicals and w ill assist in  

de term in ing  th e ir  specifications. 

There is no obligation!

C A L C I U M  A C E T A T E
P For Manufacture of Synthetic Organics, 

Pharmaceuticals, Resins, Varnishes, etc.
AS A RESULT O F B&A’s techn ical developm ents and  advanced p ro ­

duction  m ethods, C alcium  A cetate of h igh pu rity  is now available in 
tonnage quantities. T he useful app lications of th is pu rity  p roduct a re  
a lready  evident in  m any processes. P e rh ap s  it  has a  p lace in  your 
operations too!

IF YOU NEEDthis o r o ther reagen t and  fine chem icals in  la rg e  quan ­
tities, confer w ith your B&A T echnical Servicem an today. R em em ber 
. . .B a k e r  & A dam son’s leadersh ip  in the field of labora to ry  reagents 
and  fine chem icals is nationally  reco g n ized ...an d  supply ing  uniform , 
h igh p u r ity  chem icals for A m erican industry  is one of its  im portan t 
functions. W hy not call noiu?
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A n  I d e a l  F o r e  P u m p

for diffusion and molecular- 
drag pumps. Perfectly suited 
for vacuum distillations.

Has al l  the Famous  
D U O - S E A L  Feat  ures

©  Long life , im p ro v es  w ith  co n sta n t 
run n in g .

Q u ie t in o p e ra tio n , n o  th u m p in g  
d in .

(  3 )  Sm all a m o u n t o f oil re q u ire d , only 
^  1.4 1.

^ 4)  lo w  ru n n in g  sp ee d , on ly  375  RPM.

©  F a s te r  p u m p in g  a t  a ll  p ressu res .

©  Low p o w e r  co nsum ption .

( 7)  Includes th e  p a te n te d  D uo-Seal, n o  
oil c an  b a ck  in to  th e  system .

Write for circular on this new pump.

W . M. .WELCH SCIENTIFIC COMPANY
Established 1880

1516 Sedgwick Street CHICAGO 10, ILL.

M anufacturers of Scientific Instruments a n d  Laboratory Apparatus

No. 1403B

Guaranteed Vacuum 
5 microns 

Free Air Capacity 
100 1. per minute

Cat. No. 1403 Duo-Seal Vacuum 
Pump  ------------- -......S100.00

Cat. No. 1403B With V2 H.P. 110 
Volt A.C. Motor mounted on 
Base ........     $145.00
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WELL K N O W N  TH R O U G H O U T  THE W ORLD AS
l e a d e r s  i n  d e v e l o p in g  a n d  m a n u f a c t u r i n g

IN D U S T R IA L  HEAT TR E A TIN G  E Q U IPM EN T

This care fu lly  engineered and skillfully built 

la bo ra to ry  furnace w ill opera te  continuously up 

to 2 5 0 0 ° F. It is especially designed fo r fast 

carbon and sulphur determinations using the 

modern volumetric method o f analysis as well 

as fo r  carbon determinations with gravim etric 

type  analysis fo r  a ll a llo y  steels including stain­

less and heat-resisting steels. A va ila b le  accord­

ing to  your needs w ith one, tw o  o r four tube 

capacity w ith adapte rs fo r  1 Vi", VA" and 1" 

O.D.

A built-in  transform er provides current to 

three low vo ltage  high tem perature G loba r 

type heating elements which a re  simple to  re­

place. Furnace is quickly brought to  heat and 

precise control holds any desired tem perature.

you kn o w  

about this fast  

Combustion Tube Furnace b y  L in d b e rg ?
Mounted on face o f furnace is a line shut-off 

switch, an "on”  signal light, a pyrom eter con­

nected to  a Platinum — 1 3%  Rhodium thermo­

couple, an ammeter showing percentage o f 

ra ted pow er input, "coarse”  and "fin e ”  knobs 

fo r controlling transform er vo ltage and a needle 

valve oxygen regulator.

Ask your la b o ra to ry  equipm ent d e a le r fo r  fu ll In fo r­

mation. Also, ask him fo r  details a bout the Lindberg 

Box Type Furnaces, the Pot-Crucible Furnaces and Hot 

Plates to  meet every la b o ra to ry  need.

LINDBERG EN GINEERING COMPANY
2 4 5 0  WEST H U BB A R D  STREET •  C H IC A G O  12, ILLIN O IS
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Longer Lasting Laboratory Ware
Due to its g reat refractoriness, ALUNDUM (A120 3) Laboratory W are can 

be w ashed and  ignited to constant w eight im m ediately after a  filtration. Thus the 

devices (dishes, cones, crucibles, discs, thimbles) can be used over and over. A nd in 

addition to being chem ically inert, ALUNDUM devices are available in a variety of 

perm eabilities —  high, m edium and  low.

N O R T O N  C O M P A N Y
W orcester 6, M assachusetts

R-874
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Serves In These Developments

Consult leading Laboratory Supply Houses 
throughout the United States and Canada 
for Kimble products to meet your needs.

tf jfe ïM ifi 'b ï î&M im x  an tec-'o f  '-TnyiHkl e Q u a l  it  y

September, 1944 A N A L Y T I C A L  E D I T I O N



'.v ■ ’ V-‘
■ k * J & ż h : p ż ? '

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. 16, No. 9

FOR THOSE > ,  0 *

^ ^ S o b JPROBLEMS
In X-Ray Diffraction Analysis

ÄW/* U f a  ¡3& U &

Monochromator mounted on G-E XRD Powder Camera

G EN ERA L f f  ELECTRIC 
X-RAY C O R PO R A TIO N
2 0 1 2  J A C K S O N  B L V D .  CHICAGO (12), ILL., U. S. A.

Here is still another contribution to 
greater usefulness o f  the x-ray diffraction 
m ethod— the new X R D  M onochroma­
tor, designed to extend the versatility o f  
G-E X R D  Units.

Occasionally, problems arise necessitat­
ing even clearer diffraction patterns than 
those produced by conventional x-ray 
diffraction m ethods. The X R D  M ono­
chromator was developed by G-E X-Ray 
diffraction specialists to provide a solu­
tion to  those unusual problems. By 
isolating the characteristic wave length 
o f  the x-ray tube spectrum, it insures 
clearer, m ore in form ative d iffraction  
patterns— permits unambiguous analysis 
o f  certain diffraction effects.

O ne o f  countless possible applications 
o f  this new unit is effectively illustrated 
in  the accompanying diffraction pattern. 
W ithout the use o f  the X R D  M ono­
chromator, the lines o f  the cobalt ma­
trix, indicated by circles, w ould not be 
visible— due to  increased scatter o f  con- 
tinous radiation.

Introduction o f  the X R D  M onochroma­
tor lends further emphasis to a long­
s ta n d in g  G -E  X -R a y  r e p u ta t io n  —  
leadership in the developm ent and in ­
trod u ction  o f  new  x-ray d iffraction  
equipment. For full details regarding 
this new  unit, or to secure the services 
o f  our X-Ray Diffraction Laboratory in  
applying x-ray diffraction to your prob­
lems, write or wire, today, to D ept. N 4 10.

Powder camera pattern showing in­
creased ̂ visibility of cobalt matrix in 
tungsten carbide cutting tip — made 
possible by use of XRD Monochromator.
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for fine grinding

No. 1410

T he B uehler H and G rinder N o. 1410 is a most con­

venient piece of equipm ent to  facilitate the hand g rin d ­

ing of m etallurgical specimens. T w o  g rind ing  surfaces 

are available fo r tw o grades of abrasive paper. W hen 

four stages o f g rin d in g  are  desired tw o N o. 1410 g rind ­

er units a re  employed. A  d rum  O V2 " d iam eter) a t the 

head of each g rin d in g  surface holds u p  to  150 feet of 

abrasive paper th a t can be quickly draw n  in to  position 

and clam ped firmly fo r use.

E ither w et o r d ry  g rin d in g  can be conveniently per­

form ed on this grinder. T he surface beneath the paper

is h igh ly  polished heavy black plate  glass. O verall 
dim ensions are 15" x 26" x 8"; sh ipp ing  w eight 70 lbs. 
Polish ing  surfaces 4" x  12".

T he B uehler h an d  g rin d er is a piece of equipm ent 
essential to  speed and  efficiency in the established tech­
n ique of hand  g rin d in g  o f specimens; a  piece o f equip­
m ent essential to  every m etallurgical laboratory.

THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES— CUT-OFF MACHINES •  SPECIMEN M OUNT 
PRESSES •  POW ER GRINDERS •  EMERY PAPER G R IN D ­
ERS •  H A N D  GRINDERS •  BELT SURFACERS •  POLISH­
ERS •  POLISHING CLOTHS •  POLISHING ABRASIVES

M E T A L L U R G I C A L  A PP AR AT US
165 West Wacker Drive, Chicago 1. Illinois
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BENEDETTI-P ICH LER

H E A T I N G  A N D  D R Y I N G  B L O C K
UNIVERSAL MODEL, FOR GAS HEATING

D — >
A .  B . C .

HEATING AND DRYING BLOCK, Universal, B enedetti- 
Pichler, gas heating. Useful for a  large num ber of preparative 
m ethods of microchemical analysis which involve the  use 
of scaled capillaries, evaporation, sublim ation, m elting point 
determ ination, the heating of micro centrifuge tubes, etc. See 

A. A. Benedetti-Pichler and F rank  Schneider, Mikrochemic, Enrich-Festschrift (1930), 
pp. 6-7.

Block is of alum inum , 3%  inches long X 2J^ inches wide X 2 inches high, so
m ounted th a t  it can be fixed a t  any point between horizontal and vertical. Base is
of cast brass and is provided w ith  burner w ith H -shaped manifold top  w ith eight 
lava-tipped micro burners in .two rows of four each. B urner is adjustable vertically 
by means of setscrew in base; flames are adjustable by means of needle valve.

Block contains therm om eter well; cylindrical holes 10 m m  and 2.5 mm diam eter, 
respectively, extending from end to  end; and holes 2 mm and  2.5 mm diam eter, re­
spectively, cu t through from side to  side. T he block also contains the following 
cylindrical openings or wells: in top surface, one 15 mm diam eter X 39 mm deep, 

for weighing bottle A-B-C, and one each 2 mm and 2.5 mm diam eter X 40 mm deep; in end, one each 5.5 mm and 8 mm 
diam eter X 60 mm deep.

C lam p D  holds glass capillaries in position; two clips E  hold micro cover glasses used to  seal the openings in the sides of
the block. Weighing B ottle A is of nickel-plated brass 11 m m  inside diam eter X 39 m m  deep, w ith  flat bottom  and w ith knob-
top  fitted cover B ; i t  includes a  cylindrical inset C, 10 mm inside diam eter X 23 mm deep, w ith flanged top  which rests on the
shoulder of the tube. The inside surfaces of th e  tube and cover are gold p lated, as are both  inside and outside surfaces of inset.

6143-H. Heating and Drying Block, Universal, Benedetti-Pichler, as above described, complete w ith arm ored therm om eter 0 to 
360°C in 2° divisions, gold-plated weighing bottle A-B-C w ith inset, clamp D for capillaries, two clips E  for micro
cover glasses, and detailed directions for use. F or use w ith artificial gases up to  600 B .T .U .........................  57.00

6143-H .

FEIG L IMPROVED

H E A TIN G  AND EVAPO R ATIN G  APPARATUS

M ICRO HEATING AND EVAPORATING APPARATUS, Feigl Improved, A. H . T. Co. Specifica­
tion, gas heated. For heating sm all crucibles in spot te s t reactions which require the concentration, 
evaporation or rem oval of volatile acids under reduced pressure, b u t useful also for preparative m eth­
ods of microchemical analysis w hich involve the  use of sealed capillaries, etc. See F ritz  Feigl, 
Laboratory M anual of Spot Tests, ( New York), 1943, p. 46.

T he Feigl H eating Block is of alum inum , 3 inches square X 2 inches thick, w ith a  rem ovable wedge- 
base clamp of nickel-plated brass for a ttachm en t to  support rod. Top is plain and contains three 
recesses conforming generally in shape to  the micro sizes of Coors porcelain crucibles to  assure uni­
form heating. Recesses vary  slightly to  take the following crucibles: recess A takes high form 
crucibles No. 00000; recess B takes low form crucibles No. 000000; recess C takes low form crucibles 
No. 0000 or 00000. Crucibles can be rem oved by means of forceps. The front end of the block con­
tains horizontal openings 56 mm deep and approx. 3 mm, 6 m m  and S mm, respectively, in diam eter, 
for glass tubes and  capillaries; also a  therm om eter well 50 mm deep to  take therm om eters up to  6 mm 
diam eter.

T he dome-shaped glass cover, w ith 10 m m  ground flange and T  interchangeable stopcock in outlet 
arm , perm its evacuation of a ir and, as it  is 25 m m  high X 48 mm inside diam eter, can be used sepa­
rately  as a  micro desiccator in conjunction w ith ground glass plates of suitable size.

6144-A. M icro H eating and Evaporating Apparatus, Feigl Improved, as above described, complete 
as shown in illustration, consisting of heating block w ith clamp, glass cover w ith  stop­
cock, therm om eter 0 to  300°C in 5° divisions, support w ith Coors porcelain base 5 X 7  
inches, micro burner and necessary clamps. F or use w ith artificial gases up to  600 B .T.U . 
........................................................................................................................................................ 30.40 6 1 4 4 - A .

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

LABO R ATO R Y APPARATUS AND REAGENTS
WEST W ASHING TO N SQUARE, P H ILA D E LP H IA  5, U. S. A.

Cable Address “Balance” Philadelphia



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

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

Systematic Procedure fo r Identification o f Synthetic Resins

and Plastics
T. P. G L A D S T O N E  S H A W  

Research Laboratories, The Shawinigan Chemicals, L im ited, Shawinigan Falls, Q uebec, Canada

The procedure given w ill id e n tify  most resins o f commercial im ­
portance at the present time. O nce  the resin has been isolated in 
as pure a cond ition  as possible it  is necessary to  determine to which 
of eight groups it  belongs, then to  proceed systematically to  its 
tentative identifica tion. Confirmatory tests are app lied  to  confirm 
or disprove this. In the latter event, or if short cuts are possible be­
cause of the history o f the resin, use is made o f a classification of 
the properties for the various general types o f resins.

EVERY chem ist employing resinous substances is confronted 
a t  some tim e w ith th e  task  of identifying a resin. No de­

tailed procedure has so far appeared which would enable a  sys­
tematic a tta ck  on this problem to be m ade, although a  num ber of 
(methods suitable for a few common resins are known {1, 10, IS).
The m ethod given in  th is paper has proved very serviceable in 
these laboratories for the past two years.

This m ethod of analysis depends upon using a  single resin for the 
-roup and system atic procedures. The general order of procedure 
to be followed on an unknown sam ple is:

1. Separation of the resin or resins from the solvents, plas­
ticizers, fillers, pigńients, and dyes

2. Separation of m ixtures into individual resins
3. Classification of the separated  resin according to the group

tests
4. Identification by following the scheme for the group into 

which the resin falls, so as to  arrive a t  the probable identity  of 
the resin

5. Confirmation by specific tests

Cases will occur where the confirm atory tests  do no t yield a 
dear-cut identification. T his m ay be due to  im perfect separation 
of a m ixture or the pres­
ence of a resin which is ______________________________
not covered in  th is paper.
Some general reactions 
are given below which 
"'ill help to identify the 
type of resin in such 
cases.

The scheme will func­
tion w ith the particular 
resins u s e d  a n d  w i t h  
a l l i e d  r e s i n s ;  b u t  i t  
"'ill n o t  d i s t i n g u i s h  
between different degrees 
of p o l y m e r i z a t i o n  of 
t he  s a m e  m o n o m e r .
It has no t been possi­
ble to  c o v e r  a l l  t h e  
resins fo r  e a c h  t y p e ;  
therefore, i t  is necessary 
to confirm th e  identifica-

tion. W here the same resin is listed in am cte|it^RJ>ccs in 
the tables i t  is because of sim ilarity in properties of related 
resins which could no t be distinguished w ithout use of the 
trade name, or a few borderline cases which m ight fall in both 
places.

p r e p a r a t io n  o f  s a m p l e

In  m ost fields there are published m ethods (3, S, 14 ,16) cover­
ing the separation of vehicles, pigments, or plasticizers from, th e  
resinous constituents th a t  m ay be encountered. I t  is beyond th e  
scope of this paper to  do m ore than  briefly indicate th e  m ethods 
employed.

R e m o v a l  o f  V e h i c l e s  a n d  P l a s t i c i z e r .  In  handling a  
solution, addition of a nonsolvent such as ligroin or w ater to  p re­
cip itate the resins is useful. The plasticizer will usually be left

Table I. Separation o f Groups
(Sam ple previously separa ted  from solvents, p lasticizers, fillers, p igm ents, 

dyes, and  o th e r resins)
Halogens

S trongly  positive: T es t according to  G roup A.
N egative: T e s t for n itrogen and sulfur.

N itrogen  an d  su lfu r
N itrogen  positive, su lfu r negative  or very  weakly positive: T est accord­

ing  to  G roup  B.
N itrogen and  su lfu r positive: T est according  to  G roup C.
N itrogen negative, su lfu r positive: T est according to  G roup D.
N itrogen and  su lfu r negative: T est for saponification num ber.

Saponification No.
O ver 325: T est according to  G roup E.
120 to  325: T est according to  G roup F.
Less th a n  120: T e s t for acety l num ber.

A cetyl No.
O ver 40: T e s t according to  G roup G.
Less th a n  40: T e s t according to G roup H .

A. T est.so lub ility  in ligroin

Table II. Separation of G roup A
(H alogens p resen t)

Soluble: C hlorinated  
d iphenyls. Confirm  
by T est VI. M elt 
w ith very  little  de­
com position. High 
refractive  index

Insoluble: T est solubility  in ho t acetone 
Soluble: Polyvinyl Insoluble: T est so lubility  in e thy l ace ta te

chloride - ace ta te  
cçpolym ers. M e­
dium  ace ta te
type. Confirm
by T est II

Soluble: C hlorin- Insoluble: T est so lubility  in e thylene dichJoride 
a ted  rubber. Soluble: Polyvinyl 
Confirm  by  I e st chloride or low

a ce ta te  polyvinyl

Insoluble: T est

chloride - ace ta te  
c o p o l y m e r s .  
Confirm  by  T est 
II

so lubility  in pyri- 
dine (B)

B. Solubility in pyridine
Soluble: T est solubility  in te trach lo roe thane
Soluble: Polyvinyl

ch loride-acry late co­
polym er. H ard  
resin. Low refrac­
tive index

Insoluble: Cashew 
n u t oil polym er. 
Confirm  by T ests 
II  and  VI. Soft 
s ticky  black resin

Insoluble: T est solubility  in te trach lo roe thane
Soluble: R u b b er Insoluble: T est so lubility  in m orpholine

h y d ro c h lo r id e . 
Confirm  by T est 
VI

Solvent and resin 
tu rn  black. Poly- 
v inylidene chlo­
ride resins. C on­
firm by  T est II

Insoluble: C hlorg- 
p rene  rubbers. 
E  ti 'p e  soluble 
in dioxane, o th e r 
ty p e  insoluble. 
Confirm  by T est 
I I . Sulfur usu­
ally p resen t

541
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in solution. I f  test-tube  experim ents show 
th is m ethod is no t feasible, th e  solution 
m ay be poured in to  boiling w ater or dried by 
evaporation. B oth  the  la tte r  m ethods leave 
the pigm ents and plasticizers in th e  resins and 
they  will require fu rther treatm ent.

Oily vehicles m ay usually be removed by 
precipitation of th e  resin by a nonsolvent.

P ig m e n t s  a n d  F i l l e r s .  Finely divided 
pigm ents som etimes offer considerable dif­
ficulty. I f  the pigm ent is held by Alundum 
or paper thim bles a Soxhlet extraction  of the 
vehicle-free resins by a  solvent will do. AI 
times repeated filtration in the presence of a 
filter aid  such as F ilter-C el on a  suction or 
pressure filter, using a  very dilute solution in 
a low-viscosity solvent, is required. Centri­
fuging will serve in some cases.

D yes. D yes are even worse to  handle but 
p recipitation by a  nonsolvent, a  procedure 
which m ust be repeated  several tim es for re­
m oval of vehicles and  plasticizers, usually 
leaves m ost of th e  dye in  solution. Pre­
lim inary tests  often indicate a  solvent for the 
dye which has sufficient swelling action on 
the resin for a Soxhlet extraction of the dye 
to  be made.

M IXED RESINS

W here a  m ixture of resins is suspected, 
these m ust be separated in to  as pure fractions 
as possible by suitable extraction or precipi-* 
ta tio n  procedures designed to  m eet the par­
ticu lar case in hand. F ractions so separated, 
dried, and free from solvent are treated  in­
dependently  by the m ethods given below.

METHODS FOR SEPAR ATIO N  OF GROUPS

T he following tests  are applied in the order 
given (T able I ) :

H a lo g e n s .  Beilstein’s copper wire test is 
convenient (9, 11, IS ). All substances in 
Group A give a  strong test. A fa in t tes t may 
be ignored as due to  volatile im purities or 
salts. I t  is necessary to  m ake sure th a t some 
of th e  resin actually  enters th e  flame with the 
wire.

Halogens m ay also be detected  in  a portion 
of the filtrate from the  sodium fusion by 
acidifying and boiling w ith nitric acid, then 
adding silver n itrate.

N i t r o g e n .  T he usual sodium fusion (9r 
11, IS) w ith  the developm ent of P r u s s i a n  blue 
in the presence of ferric salts is used.

Su lfur . A drop of the filtrate from the 
sodium fusion applied to  a silver coin quickly 
develops a dark  sta in  in the presence of sulfur.

A c id  N u m b e r . W hile no t required for 
group separation, th is figure is conveniently 
obtained a t  this tim e and is useful as a con­
firm atory figure later.

Accurately weigh abou t 1 gram  of resin and 
place it  in 100 cc. of neu tral dioxane, alcohol, 
or o ther suitable solvent. T hen  w arm  gently 
under an air condenser for about 1 hour. 
T itra te  th e  free acid w ith aqueous 0.1 A 
sodium hydroxide, using phenolphthalein 
indicator.
Acid num ber =
56.1 X norm ality  of N aO H  X cc. of NaOH used 

w eight of sample
S a p o n if ic a t io n  N u m b e r . T o  the  neutral 

solution above, in a soft-glass flask, add 25 cc-
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Apply T eat IV  
Blue color: N itrocellu­

lose or nitrocellulose 
acetate. D istinguish  
by ra te  of bu rn ing ; 
acetate m ay be id en ti­
fied by m ethod of Sim - 
onds and  E llis (16).

Table IV . Separation o f G roup  B

(H alogens ab sen t, n itrogen  p resen t, su lfu r absen t) 
N o b lue color: A pply  T est X I
N egative: A pply  T est I I I  
O dor of NH* and  bu rn ing  h a ir. 

Polyam ide resin. Confirm  
by  T e s t V I. Note. G lue, 
gela tin , o r album enoids 
m ig h t ap p ear here. P hysi­
cal fo rm , positive  b iu re t re ­
ac tio n , so lub ility  in ho t 
w ater can be expected to  in ­
d ica te  such substances.

O dor like h o t aniline, 
bu tad iene-acry  1 o n i- 
trile  copolym er. 
Confirm  by  action of 
acetone

P o sitiv e : V iolet color. A pply  T est X II  
N egative: T e s t so lub ility  in pyrid ine 
Soluble: M elam ine- Insoluble: U rea-for- 

f o r m a l d e h y d e  m aldehyde resin,
resin. C onfirm  b y  Confirm  by  T ests
T ests  I I I  and  V I I I I  and  VI

Positive: 
C a s e in -fo rm a l-  

dehyde resin. 
C onfirm  by  
w eak su lfu r 
te s t  and  T est 
VI

Table V .  Properties of Resins in G roup B

Test
No. P ro p er ty  Sought

So lub ility  
95%  ethano l 
A cetone 
E th e r
E th y l a ce ta te
D ioxane
P yrid ine
Acetic acid
C arbon  te trach lo rid e
T e trach lo roe thane
B enzene
H o t w a ter

N itrocellulose

P .S .G .
S
I
s
s
s
s
I
I
I

U rea-
F orm aldehyde

R esin

M elam ine-
F orm aldehyde

Resin

I
I
I
I
I  - 
S 
s 
I

P .S
I

II L ieborm ann-S torch NO* evolved Neg.
II I C arb o n ate  fusion

C har
F um e

Pos.
SI.

Poa.
Nil

IV N itra te s B lue Neg.
VI O dor on ignition

C h ar
F um e
D istilla te

N H j - f  b u rn ­
ing  hair 

Pos.
V.Sl.

Nil
X I F orm aldehyde R ed P u rp le

X II X an th o p ro te ic Neg.
R efractive  index 20° C.

20° CSpecific g rav ity  q ‘‘
1 .50
1 .4

1 .55
1 .16

Polyam ide
Resin

Casein-
F orm aldehyde

R esin

Neg.

Form aldehyde

Pos.
N il

Neg.

Pos.
SI. w hite 

Nil
S trong  red  vio­

le t
Neg.
1 .55
1.16

I
I
I
I
I
I
I
I
I
I

Neg.

NH* +  b u rn ­
ing  hair

Pos.SI.
Neg.

NH*

Neg.

B u tad iene-
A crylonitrile
Copolym er

I
P .S .G .

I
IG
IG
IG

I
I

IG
IG

Neg.

NH* +  b u rn - Like h o t aniline 
ing  h a ir

Pos. , N il
SI. Cons, w hite

G elatin
Glue

C oagulated
P ro tein

I
I
I
I
I

I-P .S
I-S
I
I
I

S-I
Neg.

B urn ing  ha ir 
and  NH* 

Pos.
V.Sl.

Neg. 
B urn ing  hair

N eg. Neg.
Like h o t an iline  B u rn in g  h a ir

Pos. Pos. Pos. Pos.
SI. H eav y  yel. H eavy  yel. H eavy
SI. Cons. Nil

Neg. P a le  v io le t Neg. Neg.

Neg.
1 .54

Pos.
1 .52

W eakly  pos.

1 .1 1 .35 0 .9 6 -1 .0 1

of aqueous 0.5 N  sodium hydroxide and  warm under 
reflux until th e  resin is all in solution b u t no t less 
than 1 hour. I f  the resin does no t dissolve, allow 
it to reflux overnight. T itra te  excess sodium hy- 
Iroxide w ith 0.5 N  hydrochloric acid, using phenol- 
phthalein or o ther indicator. F or very dark  solu­
tions "U niversal indicator” has proved useful. 
Where the resin is undissolved, vigorous shaking 
during titra tio n  is required to neutralize alkali ab ­
sorbed by th e  swollen resin.

Table V I .  Separation o f G roup C

(H alogens a b sen t, n itro g en  and  su lfu r presen t) 
T est so lubility  in  h o t w ater
Soluble: G elatin . Insoluble : A pply  T e s t I I I

C onfirm  by  Testa 
I I I  an d  X I O dor of bu rn ing  

hair. C asein- 
fo rm a ld e h y d e  
resin. Confirm  
b y  T ests  VI, 
X I ,  a n d  X I I

O dor of form aldehyde. 
Sulfonam ide resins. 
Resins vary  from  vis­
cous fluid to  low -m elt­
ing  solids. Confirm  
b y  Acid No., Saponi­
fication No., and  T est 
X I

O dor like h o t 
aniline. See 
b u t a d i e n e -  
a c ry io n itr ile  
c o p o ly m e r  
in  G roup  B

Saponification num ber 56.1 X norm ality of N aO H  X cc. of N aO H  used by sample 
w eight of sample

A c e t y l  N u m b e r . W eigh about 2 grams of the  sam ple ac­
curately and  place i t  in a  Pyrex Erlenm eyer flask, add  20 cc. of 
pyridine-anhydride reagent, and  place on a  steam  b a th  under an 
iir condenser. T rea t a  blank on the reagents similarly. W hen all 
s in solution or a fter several hours if th e  resin only swells, add 
15 cc. of neutral ethylene dichloride or benzene, stopper the flask, 
tod shake vigorously. T he resin should be dissolved or well 
woken up by th is treatm ent. Add 100 to  150 cc. of distilled 
¡rater and titra te  w ith 0.5 N  sodium hydroxide, using about twice 
;he usual am ount of phenolphthalein indicator. T he titra tion  
■equires vigorous shaking to  remove the acid from th e  solvent 
ayer and the red color should be perm anent for a t  least one min-

R e a g e n t . 880 cc. of pyridine (B arre tt’s 2A grade), 120 cc. 
>f 95% or be tter acetic anhydride.

hours, then  note carefully w hether the 
resin is soluble, partly  soluble, or in­
soluble, or w hether there is any  color

in the  solvent or resin.
T e s t  II . L ie b e r m a n n -S to r c h  R e a c t io n .  Place a  small 

fragm ent of resin on a spot plate  and cover w ith a few drops of 
acetic anhydride. Now add 1 drop of concentrated sulfuric acid, 
so th a t i t  enters the liquid. N ote the color reactions in the liquid 
and on th e  resin surface. Observe over a  period of half an hour. 
L ist the colors in th e  order of their formation.

T e s t  I I I .  O d o r  o n  C a r b o n a t e  F u s io n . This te s t suppresses 
the acid constituents in  the volatile decomposition products and 
allows some odors to  be more readily recognized.

Fuse a piece of resin writh  1.25 cm. (0.5 inch) of anhydrous 
sodium or potassium  carbonate in  a  te s t tube. N ote odors, 
fumes, and  tendency to  char.

T e s t  IV. N i t r a t e .  Dissolve a few crystals of diphenylam ine
in about 0.5 cc. of 90%  sul-

kcetyl num ber — (cc- N aO H  blank — cc. of N aO H  sample) X 56.1 X norm ality  of NaOH  
~  w eight of sample

TESTS USED IN  SCHEMATIC PROCEDURE A N D  FOR C O N FIR M A TIO N

T e s t  I. S o l u b i l i t y . Place about 1 gram  of sample in a tes t 
ube w ith 10 cc. of solvent, shake a t  room tem perature several

furic acid and  place a  drop of 
th is reagent on a  piece of th e  
resin on a  spot plate. An im ­
m ediate intense blue color in­

dicates nitrocellulose or esters such as cellulose n itroacetate. 
Even a  few per cent of nitrocellulose in another resin will yield 
this test, b u t th e  color will develop more slowly.
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T est
No.

Table V I I .  Properties o f Resins in G roup C

Sulfonam ide Resins®

II
I I I

P ro p erty  Sought
I Solubility

95%  ethanol
Acetone
E th e r
E th y l ace ta te
D ioxane
Pyrid ine
A cetic acid
C arbon te trach lo ride
T e trach lo roe thane
Benzene
10%  N aO H
H o t w ater

L ieberm ann-S torch
C arb o n ate  fusion 

Odor

C har
Fum e

V I O dor on ignition

C har
Fum e
D istilla te

X I  F orm aldehyde
R efractive  index 20° C.
c -* 20° C-Specific g ra v ity  ¿ qo' c '

M .S.

P .S
S
s
S
s
I
s
s

P .S
I

Neg.

Form aldehyde

Pos.SI.
F orm aldehyde

Pos.SI.SI.
D eep vio le t 

1 .59  
1 .36

M .H .P .

S
S
S
s
s
s
s
I
s
s
s
I

Neg.

F orm aldehyde  4* aro ­
m atic

Pos.SI.
Form aldehyde  +  a ro ­

m atic
Pos.SI.SI.

D eep vio le t 
1 .596 
.1 .35

K
S
S

Sl.S.G .
P.S.G .

S
S
s

IG
s
s
I
I

Neg.

F orm aldehyde  4- a ro ­
m atic

Pos.SI.
F orm aldehyde

Pos.
V.S1.SI.
Violet
1 .56
1.31

G elatin , G lue, 
A lbum enoids

IIIII
I

IG
IIr

P .S
s

Neg.

B urn ing  h a ir +  N ils

Pos.
V.S1.

B urn ing  ha ir

Pos.
H eavy

Nil
Neg.

Casein-Form alde- 
hyde Resin

See under Group 
B. Su lfu r test 
w eakly positive

® M onsan to  designations. M .S., so ft, low m elting  p o in t solid . M .H .P ., solid , softening  a b o u t 62° C. K , viscous fluid.

Soluble: 
polysulfides. 
C onfirm  by  
T est VI

Table V I I I .  Separation o f G roup D a
(H alogens and  n itrogen  absen t, su lfu r presen t)

T e s t so lub ility  in  pyrid ine
O rganic Inso lub le : T e s t so lub ility  in  carbon te trach lo ride

Soluble: Isobu ty lene  Insoluble : V ulcanized rubber, 
copolym er w ith  d i­
olefins. C onfirm  by 
w eak su lfu r test,
T es t V I, an d  solu­
b ility  in  te trach lo ro ­
e th an e  an d  benzene

° Som e crude d a rk  cum arone resins and  possib ly  o thers  will show  stro n g  
te s t  for su lfu r. If  solubilities show  substance  definitely  foreign to  th is  group, 
ignore su lfu r te s t  and  proceed to  te s t fo r o th e r groups.

Table IX . Properties of Resins in G roup D

\

Confirm  by  T e s t V I. B e­
w are of com pounded b u ta - 
d iene-sty rene copolym er. 
O dor of T e s t V I n o t s tro n g  
w ith  th is  reain

T est
No.

I I

VI

P ro p e r ty  Sought
Solubility  

95%  ethanol 
A cetone 
E th e r
E th y l a ce ta te
D ioxane
P y rid in e
Acetic acid
C arbon te trach lo ride
T e trach lo roe thane
Benzene

L ieberm ann-S torch

O dor on ign ition  
C har 
Fum e 
D is tilla te

R efractive  index 20° C.
20° CSpecific g rav ity  2Q0 c ~

O rganic Polysulfide 
R u b b er

IIII
S
SII
sI

P ale  red  v io le t to  brow n 
to dark  red  brow n

M ercap tan  +  p u n g en t

Vulcanized
R u b b er

H eavy  yel. 
Cons.

1 .34

N eg.
B urn ing  ru b b er 

Pos. 
H eavy  yel.

1 .52
1 .1 -1 .1 8

T e s t  V. C a r b o x y l i c  E s t e r s  (5). Place a small piece of 
resin in a clean te s t tube and add 1 cc. of 6%  alcoholic (water- 
w hite) sodium or potassium  hydroxide, then  1 drop of a satu­
rated  alcoholic solution of hydroxylamine hydrochloride. Shake 
and let s tand  5 m inutes. H ea t for about 30 seconds while boil­
ing, add 1 drop of 1%  aqueous ferric chloride solution, and add 
carefully ju s t sufficient 10% aqueous hydrochloric acid to  dis­
solve the ferric hydroxide precip itate; then  cautiously add a 
few drops in excess. A strong violet color indicates carboxylic 
acid esters. T he color m ay be so strong th a t dilution w ith water 
is necessary in  order to  note it.

Too m uch hydrochloric acid will destroy the color and  is to be 
avoided, b u t in negative tes ts  a  sufficient

_________________ excess should be added (1 cc.) drop by
drop to  remove all doubt of the possibility 
th a t it  is insufficient.

T e s t  V I . O dor  o n  I g n it io n . H eat a 
p iece  o f  resin  stro n g ly  in  a  t e s t  tube, and 
n o te  odor, fum es, charring, an d  presence 
o f d ist illa te .

T e s t  V II. T e s t  f o r  P h t h a la te s .  
H eat abou t 1 gram  of resin w ith about 
2 to  3 gram s of pure phenol plus 5 drops 
of concentrated sulfuric acid until the 
m elt tu rn s orange or brown. Cool, dilute 
w ith  w ater, and render alkaline w ith 10% 
aqueous sodium hydroxide. Characteristic 
red  color of phenolphthalein indicates the 
presence of phthalates.

This te s t is preferred to the fluorescein 
te s t for ph thalates and  is less subject to 
error due to  inexperience.

T e s t  V III. T e s t  f o r  P h e n o l i c  R esins. 
This is the reverse of th e  te s t for phthalates. 
H ea t abou t 1 gram  of resin w ith about 
1 gram  of phthalic anhydride and  3 drops

Isobu ty lene
Copolym er

w ith
Diolefins

I
I
I
I
I
I
I
S
S
s

Neg.
SI. a rom atic  Si.

Cons, w hite SI.
1.52
0 .9 2

A pply  T est I I  
R esin slow ly tu rn s  green 
Saponification Nos. 

325-500, polyvinyl 
alcohol - ace ta te , 
w ith  high  poly­
viny l a c e t a t e .  
A cety l N o. high

Table X . Separation o f G roup E

(H alogens, n itrogen , an d  su lfu r ab sen t. Saponification Nos. over 325)

Saponification Nos. 500-700, 
polyv iny l esters. A pply
T est X I 

R ed color, 
polyvinyl 
a c e t a t e .  
C o n f i r m  
by  char­
ac teristic  
odor. T est
VI

R esin slow ly tu rn s  s ligh tly  brow n. 
A pply  T est V

N egative  or 
pale  v io le t 
or orange, 
v iny l ester 
copolym ers

R ed v io le t color, 
cellulose ace­
ta te . Confirm  
by  T ests  VI 
an d  X I. In ­
soluble in  ben­
zene

N egative, po ly ­
m ethyl acry ­
la te . Confirm  
b y  T est VI. 
Soluble in 
benzene

C olor of liquid  
changes to  deep 
orange, polybasic 
acid  from  rosin. 
C onfirm  by T ests 
V I and  X I. Solu­
tion  in h o t phenol 
and  3 drops of Hs- 
SO< gives b rillian t 
red  w hich d isap ­
pears on add ing  
N aO H

N egative. A pply  T e s t X I 
S trong  red , cel- Pale  yellow or

l u l o s e  ace­
ta te . Con­
firm  b y  T ests 
X I I I  and  VI

n e g a t iv e ,
c e l l u lo s e
aceto  - pro­
pionate or
b u t y  ra te .
Confirm by 
T e s t  VI 
and  solu- 
bility
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Table X I. Properties of Resins of G roup  E
P olyv iny l Resina_________

Test
No.

V

VI

X I

X III

P ro p erty  Sought
Solubility  

95%  ethanol 
Acetone 
E th e r
E th y l ace ta te  
D ioxane 
P yrid ine 
Acetic acid 
C arbon  te trach lo ride  
T e trach lo roe thane  
Benzene 

L ieberm ann-S torch

C arboxylic eaters 

O dor on ignition

C har
F um e

D istilla te
Form aldehyde

A cetates

Acid No.
Saponification No. 
R efractive  index 20° C.

20° CSpecific g rav ity  ---r ^

Polyv iny l
ace ta te

S
S

IG
S
S
s
s
s
s
s

Resin slowly 
tu rn s  green

redStrong 
v io le t 

C harac te ris­
tic  pungen t 

Pos. 
H eavy  yel.

V.S1.
Red

P u rp le  to  
b lack  

4 .6  
600 

1 .47
1.19

Copolym ers of 
v iny l a ce ta te  

and  fum ara tes 
or m aleates

S-IG
S-Sl.S.G.

IG -I
S-I

S-Sl.S.G.
S-Sl.S.G.

S-IG
S-IG

S-Sl.S.G.
S-IG  

Resin slowly 
tu rn s  green

S trong  red v io­
le t

E th e rea l +  
pungen t

Pos. 
H eavy  yel.

SI.
Neg. or red to 

orange 
B lue to  black

4 .8
400-600

High ace ta te  
polyvinyl 
alcohols

S-P.S.G .
IG
IG
IG
IG
S

S-P.S.G .
I

S-I
IG

Resin slowly 
tu rn s  green

R ed-violet

P u n g en t

Pos.
H eavy

V.S1. 
Neg. to  V. 

pale  red 
Purp le

4
325-540

1 .4 7 -1 .5 1
1 .2 -1 .2 6

Cellulose E sters

H igh ace ty l
Cellulose
acetopro-

cellulose ace ta te pionate

• I I
S-IG S

I I
S-I S
S S

S-P.S .G . s
P.S.G . s

P .S .G .-I I
S s

IG I
Neg. or resin Neg.

s ligh tly  brow n 

S trong  red  vio­ S trong red i
le t violet

B urn ing  paper B urning

Pos.
paper
Pos.

SI. Cons.

N il SI.
Red Pale  Yel.

R ed orange Neg.

Cellulose
aceto -

b u ty ra te

I
S
S
s
s

IG
s

IG
Neg.

S trong red 
violet 

B urning  
paper 
Pos. 

H eavy  
w hite 
V.Sl. 
Neg.

Neg.

P o ly ­
m ethy l

A crylate

IG
S

IG
S
S
s
S

IG
s
s

Rosin
Polvbasic

Acid

S
S
S
s
s
s
s

IG
P.S .G .

IG
Resin slow ly D a rk  orange 

tu rn s  ligh t 
brow n

Neg.

A crylate

Pos.
H eavy
w hite
M uch
Neg.

R ed orange

Neg.

P ine

V.Sl.
N il

C om plete
Orange

Neg.

5 o 3 3 29
550 500 500 375 354

1 .48 1.47 1.49 1.49
1 .27 1.29 1 .20 1 .2 1 .15

Test so lubility  in  e ther 
Insoluble: T est so lubility  in acetone
Insoluble: D o T e s t VI 
Odor: Oily and  O dor: C harac te r-

acrolein, phenol 
and oil-modified 
alkyd. Confirm  
by Testa I I  and 
VII

is tic  pungen t, 
po lyv iny l alco­
hol, m edium  
ace ta te  type. 
Confirm  -.Soluble 
in w ater. T ests 
X I  and  X I I I

Tabic X II. Separation o f G roup  F

(H alogens, n itrogen , and  su lfu r ab sen t. Saponification Nos. 120 to  325)

Soluble: T est so lub ility  in 95%  ethano l
P a rtly  soluble gel. D o T e s t VI
O dor: F o rm alde­

hyde, regu lar 
a lkyd . Confirm  
by T est V II

O dor: Acrolein 
and  oily, oil- 
modified a l­
kyd. Confirm  
by T est V II

Soluble: A pply  T e s t V I
Odor: B u ta lde- 

hyde, po ly ­
v iny l b u ty la l 
or coacetal. 
Confirm  by 
T ests I I I ,  X I, 
and  X IV

Soluble: A pply T est V II

O dor: C h arac te r­
is tic  pungen t, 
polyv iny l ace- 
ta l of low hy ­
drolysis. C on­
firm  b y  T ests 
I I I ,  X I ,  and  
X IV

N egative: B u ty l
phenol form alde­
hyde. C onfirm  
by T ests I, I I ,  
VI, and  X IV

Positive : Oil-
modified a l­
ky d . C onfirm  
b y  T ests I I ,  
V II, and  X I I

Tabic X III. Properties of Resins in G roup F

Test
No.

II

I I I

P ro p er ty  Sought
So lub ility  

95%  e thano l 
A cetone 
E th e r
E th y l a ce ta te  
D ioxane 
P y rid ine  
A cetic acid 
C arbon  te trach lo ride  
T e trach lo roe thane  
Benzene 

L ieberm ann-S torch

C arb o n ate  fusion 
O dor

C h ar 
Fum e 

V C arboxylic esters 
V I O dor on ignition

C h ar 
Fum e 
D is tilla te  

VII P h th a la te s  
IX  Pheno ls 
X I Form aldehyde  

X II X an th o p ro te ic  reaction
X III A cetates

XIV A ldehydes 
Acid No.
Saponification  No. 
R efractive  index 20° C. 
c ... . 20° C.Specific g rav ity

20° C.

Po lyv iny l 
A cetals, 70%

Polyv iny l 
Coacetal, 

B uII-A cH , 
20%  Ac, 
12% OH

Polyvinyl
Alcohols,
M edium
A cetate

B u ty l
Phenol

A lkyds
Oil- P heno l and

Hydrolysis T ype F orm aldehyde R egular modified oil-m odified

S S I P .S .G . P .S .G . P .S .G . IGS s I s S S I  '
IG IG I S Sl.-P .S.G . S-I I
S S I S S
S S * I s s
s
S

s
s

I
I

s
s

s
s

IG IG I s IG I Ys s I s s
s IG I s IG

R esin  o range to R esin red  to Resin ligh t V iolet to  brow n to U sually  neg. Brow n to R ed to  brow n
d a rk  brow n red  brow n brow n to red  brow n to ra re ly  brow n d a rk  brow n red to  d a rk

P u n g en t A cII

to  brow n 

P u n g en t B u ll

red  brow n 

P u n g en t

m uddy  green 

B alsam  -f- fo rm al­ Form aldehyde

brow n

Pos. Pos. Pos.
dehyde

Pos.
+  m usty  

Pos.
H eavy H eavy H eavy H eavy V.Sl.

R ed v io le t R ed violet R ed vio le t Neg. Violet Violet R ed  vio le t
P u n g en t char­ P u n g en t B uH P u n g en t char­ Pheno l o r cresol F orm aldehyde Oily 4- acro ­ Oily - f  acro ­

acteristic
Pos. Pos.

acteristic
Pos. Pos. SI.

lein
Nil

lein
Pos.

H eavy H eavy H eavy H eavy  brow n V.Sl. SI. SI.
Cons. N il Nil Cons. M uch C om plete Cons.

N eg. or weak pos. S trong  pos. Pos. Pos.
R ed Neg. Neg. N eg.

Red Orange R ed V.Sl. vio le t Neg. Neg. Neg.
Neg. Neg. Neg. Pos. Neg. Neg. Neg.

R ed to  green  to 
blue

Slowly green Violet to  blue Neg. Neg. Neg. Neg.

R ed  violet R ed violet Neg. R ed vio le t Neg. W eakly pos. Neg.
6 8 4 2 20-50 25-50 10-30

255 140 120-325 125 150-250 140-225 150-250
1.46 1 .5 1 -1 .5 5 1 .66 1 .57
1.16 1 .2 8 -1 .3 1 1.099 1 .32
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Table X IV .  Separation o f G roup  G
(H alogens, n itrogen , and  su lfu r ab sen t. Saponification  N os. less th a n  120. 

A . T e s t so lub ility  in  h o t w ater 
S o lub le:_ T est so lub ility  in  benzene

Inso lub le: A pply  T e s t V
M eth y l

A cety l Nos. over 40)

Insoluble: T est so lub ility  in carbon te trach lo rid e  (B)
Soluble: P o lye thy lene

glycol waxes. Confirm : 
Soluble in dioxane, in ­
soluble in  e th y l a ce ta te

P ositive : P o lyv iny l 
alcohols, les3 th an  
low a ce ta te  type. 
C onfirm  b y  T ests  
I I  and  X I I I  

B . So lub ility  in  carbon  te trach lo rid e  
Soluble: T e s t so lub ility  in  e th e r

D o T e s t IX

N egative:
cellulose. Confirm  
by  T ests  I I ,  V I, and  
X I I I

Insoluble: P heny lphenol 
form aldehyde resin. 
C onfirm  by  T ests  VI 
and  X II

Soluble:______________
N egative: D o T e s t X II
N egative: E th y l

cellulose. Confirm  
b y  T ests  I I  and  V I

C. Solubility  in e th y l a ce ta te  
Soluble: D o T e s t VI
O dor of bu rn ing  paper, 

e th y l cellulose. C on­
firm  b y  T ests  I I  and  
X IV

A ny o th e r odor: 
Soluble

Tost, so lub ility  in e th e r

O dor of T e s t V I cre­
sol. Shows cresol 
a c e t a l d e h y d e .  
Confirm  by  T ests 
I I ,  IX , and  X II

D . Solubility  in  ace tic  acid 
Soluble: T e s t so lub ility  in  benzene
Soluble: T e s t so lub ility  in 95%  alcohol
Soluble: D o T e s t X I  
B row n: P o lyv iny l ace­

ta l. Saponification 
N o. 30. C onfirm  by 
T ests  I I ,  V, V I, and  
X IV

R e d : Polyv iny l
b u ty la l. A cetyl 
No. a b o u t 150. 
C onfirm  b y  T ests 
I I ,  V, V I, and  
X IV

Insoluble: Polyv iny l
b u ty la l. A cetyl 
No. a b o u t 100. 
C onfirm  by  T ests 
I I ,  V, V I, X l ,  and  
X IV

\

Inso lub le: T e s t so lub ility  in  e th y l ace ta te  (C)

P ositive : T e s t so lub ility  in 95%  ethano l
P o sitiv e : P heno l in -

d ene cum arone. 
C onfirm  by  T ests 
I I  and  VI

Soluble: Substi­
tu te d  phenol 
f o r m a l d e h y d e .  
C onfirm  by T ests  
I I ,  X I I ,  an d  X IV

Inso lub le: B u ty l
phenol fo rm alde­
hyde . Confirm  
b y  T ests  V I and  
X I I

Inso lub le: T e s t so lub ility  in  ace tic  acid
Soluble: D o T e s t X I

Insoluble: T est
O dor of T e s t V I s ligh t. 

Shows modified 
rosin. C onfirm  by  
T e s t I I .  R esin is 
d a rk  red  color

so lubility
ace tic  acid (D )

V iolet, polyvinyl 
form al. Saponi­
fication No. 20. 
C onfirm  by  T ests 
I I ,  V, and  VI

R ed , polyvinyl 
b u ty la l. Ace­
ty l No. a b o u t 
250. Confirm  
by  T ests  I I ,  V, 
and  VI

Inso lub le : Phenolic 
resin . Confirm by 
T ests  VI, X I, XIÎ, 
and  X IV

Inso lub le: P o ly ­
v iny l # _ form al. 
S a p o n i f i c a t i o n  
N o. ab o u t 100. 
Confirm  by T ests 
I I ,  V, V I, an d  X I

Insoluble: T est so lub ility  in 95%  alcohol
Soluble: R osin

modified al-
kyd . C onfirm  by  
T ests  I I  and  VI

Inso lub le: B enzyl
cellulose. C on­
firm  b y  T ests  II , 
V I, and  X IV

of concentrated sulfuric acid un til a  rich brown m elt develops, 
cool, dilute w ith w ater, and  render alkaline w ith 10% aqueous 
sodium  hydroxide. C haracteristic red color of phenolphthalein 
indicates presence of phenols. In  cases where ta rry  m a tte r  ob­
scures the  color, dilute w ith w ater and  confirm by discharging 
th e  color by acid. A0 phcnolics tested , w ith th e  exception of 
an oil-modified one, gave a positive reaction w ith this test.

T e s t  IX . M i l l o n ’s  R e a g e n t  f o r  P h e n o l i c  R e s i n s . P re­
pare th e  reagent by dissolving 10 gram s of m ercury in 10 gram s of 
fuming nitric  acid w ithout heating, then  dilute w ith  tw ice its 
volum e of w ater, and  filter off any precipitate, or allow i t  to  
settle.

H eat a  sm all piece of resin w ith 1 cc. of clear reagent and  boil 
about 2 m inutes. A red color Indicates phenols.

As the te s t is characteristic of th e  phenol group i t  is also given 
by some proteins. T he absence of nitrogen will, however, direct 
th e  te s t to  phenolic resins. A few phenolic resins fail to  yield a 
positive test.

T e s t  X . C u m a r o n e - I n d e n e  R e s i n s . T his is a  modified 
form of Ellis te s t (&, p. 1261 footnote; 3). W ith  th e  la tte r  it  
was found very difficult to  decide w hether the color was due to  
brom ine or the resin. T he modification gives a  positive te s t w ith 
th e  usual cumarone resins b u t is negative w ith the low molecular 
weight polymers.

Dissolve 0.1 to  0.5 gram  of resin in 10 cc. of chloroform, add 1 
cc. of glacial acetic acid and  1 cc. of 10% bromine solution in 
chloroform, and  le t stand  overnight. A red color indicates 
cumarone resins.

Do a  b lank a t  th e  same time.
Using 1 cc. of th e  highly- colored solution, add  about 1 to  2 cc. 

of 0.1 N  sodium th iosulfateand shake vigorously. T he blank will 
discharge to  a  light yellow color in the chloroform layer. A red 
color in the chloroform layer is evidence of the presence of high 
or medium molecular weight cumarone resins.

T e s t  X I. F o r m a l d e h y d e  (6). Mix a  sm all piece of resin 
and  2 cc. of 72%  sulfuric acid (100 cc. of w ater and  150 cc. of 
concentrated sulfuric acid) plus a  few crystals of chromotropic 
acid and  heat by standing the te s t tube in  a  beaker of w ater a t  
60° to  70° C. for 10 m inutes. R un  a  blank a t  th e  same tim e to  
avoid chance contam ination from th e  laboratory  air. A  bright 
violet color indicates formaldehyde. N ote the  color after stand­
ing 1 hour a t  room tem perature.

T e s t  X II. X a n t h o p r o t e i c  R e a c t io n .  T his te s t depends 
upon the presence of a  phenyl group and  is usually used to  iden­
tify  certain  proteins which contain it. I t  is also shown by  some 
oils and  phenolic resins. I t  is sometimes useful as a confirmatory 
reaction.

W arm  a  sm all piece of resin w ith concentrated nitric acid for 
several minutes, cool, and  add an excess of am m onium  hydroxide.

In  th e  presence of a  phenyl group the nitric acid is yellow, chang­
ing to  an  orange on addition  of the am m onum  hydroxide. '

T e s t  X III . A c e t a t e s  (7 ). A d d  a 5%  a q u eou s solu tion  of 
la n th a n u m  n itr a te  a n d  1 drop o f 0.1 N  io d in e  so lu tio n , followed 
b y  a  drop o f co n cen tra ted  am m on iu m  h yd roxid e, to  a  piece of 
th e  resin  on  a  sp o t  p late .

In  the presence of acetates or propionates a brown or blue 
coloration quickly develops in  th e  resin. This m ay occur before 
the am m onium  hydroxide is added and  indicates addition of io­
dine to  the  resin.

W hen in doubt, w arm  a piece of resin w ith  a few drops of con­
centrated  hydrochloric acid in 1 cc. of w ater for abou t 10 minutes 
and  apply the tes t to  about 0.5 cc. of th e  w ater, m aking sure suf­
ficient am m onium  hydroxide is added to  render i t  ammoniacal.

T e s t  X IV . A l d e h y d e s  i n  A c e t a l s  (4). H ea t a  small piece 
of resin plus 1 cc. of reagent and  0.4 cc. of concentrated sulfuric 
acid on a steam  b a th  for 2 to  3 m inutes, then  cool. Add a few 
drops of pure m ethanol and  a layer of chloroform, then  0.5 cc. 
of concentrated hydrochloric acid, and shake th e  tube  well. In 
th e  presence of aldehydes a  red to  purple color appears in the 
chloroform.

R eagent: 0.01 gram  of azobenzene phenylhydrazine sulfonic 
acid in 100 cc. of distilled w ater.

CLASSIFICATION AC CO RD IN G  TO  TYPES A N D  G EN ER AL REACTIONS

W here th e  substance does n o t appear to  give th e  comfirmatory 
tests following its  system atic separation  by th e  above scheme, or 
where, because of its history, distinction  between only a few 
substances is required, th is  classification according to  types, 
w ith  th e  reactions generally shown by them , will be found 
useful:

Acrylate Resins. Light-colored resins, Tou0 about 1.49. 
Specific gravity  1.2. U sually w ithout filler. Soluble in acetone, 
esters, benzene; insoluble in CCL, 95%  ethanol, ether. Test 
VI, sickly sweet odor of monomer, w ith practically complete dis­
tillation.

Alkyd Resins. Usually light color. n ’D° 1.54-1.59. Specific 
gravity  1.1-1.4. T est I I , usually brown. T est V, usually posi­
tive. T est VI, formaldehyde, oily or acrolein odor, considerable 
distillation. T est V II, usually positive. U sually insoluble in 
95%  ethanol, ether, CCL.

Amino and Protein Resins. U sually light-colored. «î? L55- 
Specific gravity  1.1-1.35. All are insoluble in th e  solvents listed 
except melamine-formaldehyde, which is soluble in  pyridine or 
acetic acid, and gelatin which is water-soluble.



Teat
No.

V
VI

V II
IX
X I

X II
X I I I
X IV

'l'est
No.

II

V
VI

V II
IX
X I

X II
X I I I
X IV

P ro p erty  Sought
Solubility 

95%  ethanol 
A cetone 
E th e r
E th y l ace ta te  
D ioxane 
P yrid ine _
Acetic acid 
C arbon te trach loride  
T etrach loroethane 
Benzene 
X ylene 
H o t w ater 

L ieberm ann-S torch

C arboxylic eaters 
O dor on ignition

C har 
Fum e 
D istilla te  

P h th a la te s  
Phenolic 
F orm aldehyde 
X an thop ro te ic  reaction  
A cetates 
A ldehydes 
Acid No.
Saponification No. 
A cety l No.
R efractive  index 20° C.

20° CSpecific g rav ity  — 5- ^ '

P ro p erty  Sought
Solubility  

95%  ethano l 
A cetone 
E th e r
E th y l a ce ta te  
D ioxane 
P yrid ine 
A cetic acid 
C arbon te trach loride  
T etrach lo roethane 
Benzene 
X ylene 
H o t w ater 

L ieberm ann-S torch

F orm aldehyde  
75%  hydrolyzed

IG
P.S .G .S

I
S
Sss
Is

IG

R esin  slow ly 
tu rn s  si. 
green

R ed v io le t 
F orm aldehyde

Pos.
Cons.

Nil

D eep vio le t

Blue
Neg.

4
100
65

Rosin
M odified

A lkyd

S
S

P .S .G .
S
Ss

IG
IG
Ss

F orm aldehyde  
95%  hydro lyzed

I
I
I
I
Sss
Is
I

R esin slowly 
tu rn s  b is tre

R ed violet 
F orm aldehyde

SI.
H e a v ^  w hite

D eep pu rp le

G reen
Neg.
4

20
70

1 .50
1.23

T a b le  X V .  P r o p e r t ie s  o f  R es in s  in  G r o u p  G
 P o lyv iny l A cetáis

A cetal 
90%  hydrolyzed

Ss
IG
Ssss

IGs s 
I 
I

R esin tu rn s
orange to  red  : 
b row n to  d ark  
brow n 
R ed vio le t 

C harac te ris tic  
p ungen t 

SI.
SI. w hite 

SI.

Brow n

R ed orange 
R ed  vio le t 

5 
30 
80 

1 .46
1.16

R esin

8 %  OH

I.S1.G.

&
S
S
S
S

IG
S
S
S
I

B u ty la l 95%  H ydrolyzed 
12%  OH 20%  O il

P o lyv iny l 
Alcohol, 

Low  Ace­
ta te  T ype

tu rn s
orange to  red 
brow n to  d ark  
brow n 
R ed vio le t 

B uH

SI.
SI.
SI.

R ed

Neg. 
R ed vio le t 

5 
10 

100

Cellulose E th ers
M ethy l

I
I
I
I

IG
IG
IG
I

P.S .G .
IG

R ed v io le t to 
brown

R esin slowly 
tu rn s  yel. to 
olive

Carboxylic esters V. pale  violet Neg.
O dor on ignition Form aldehyde B urn ing  paper

C har Pos.
an d  pungen t 

Pos.
F um e Cons. yel. Cons.
D istilla te Cons. Nil

P h th a la te s
Phenolic

W eakly  pos. 
Neg.

Form aldehyde Neg. Neg.
X an thop ro te ic  reaction
A cetates R ed '
A ldehydes V. w eakly pos.
Acid No. 7 3
Saponification No. 0 0
A cetyl N o .t 90 120
R efractive index 20° C. 1.64

20° C
Specific g rav ity  c ' 1.14

E th y l

P .S .G .S
I-S
I-S
Ssss

I-Ss
I-S
I-S
I

O range to 
brow n to 
black

Neg. 
B urning  paper

Pos. 
H eavy  w hite 

SI.

B enzyl

I
Sl.S.G.

I
Sss
I

I-Gs
I

I
Resin slowly 

tu rn s  orange 
to ligh t 
brown 

Neg.
B enzald. pun­

gen t 
Pos.

H eavy  yellow 
SI.

P ale  vio le t

Neg. 
R ed  vio le t 

6 
0 

65 
1.47
1.14

Neg.
Neg.
Neg.

Purp le
3
0

100
1.47

Crcsol-A cH

S
S
S
S
S
S
S
I
S

IG

T
R ed brown 

to  orange

Neg
Cresol

Pos. 
Cons. brow n 

Cons. 
Neg.
Red
Neg.
Pos.

S S I
s IG I

IG I I
S IG I
S S I
S S I
S s I

IG IG I
S S I
S IG I
I I
I I

R esin tu rn s R esin tu rn s R esin tu rn s
yel. to  d a rk yel. to  d a rk brow n to
brow n brow n si. green

R ed vio le t P a le  violet R ed vio le t
B uH B uH P u n g en t

SI. V.SI. SI.
SI, H eavy Cons.
Nil N il Nil

Red R ed Neg.

Neg. Neg. B lue
R ed vio le t R ed vio le t Neg.

4 4 4
10 10 119-0

150 250 1080-1270
1.489 1.545-1.555

1.18 1.11 1 .31-1 .33

Phenolic Resins
B u ty l P henyl S u b s titu ted

phenol phenol phenol
form aldehyde form aldehyde form aldehyde

P.S.G. I S
S S S
s Sl.S.G . s
s S +  G s
s  . S s
s S +  G s
s Sl.S.G . s
s S s
s S +  G S +  G
s S S

I "i '
Violet to  brown Neg Yellow to  red  to

to  red brow n to red  brow n
m uddy green

P o ly ­
e thy lene
Glycol
"Waxes

S
S
I
I
Sss
Iss

Neg.

Neg.
P u n g en t

SI.
Nil

C om plete

N eg.

0
40-215

1 .1 5 -1 .2 0

M odified
Rosin

(Vinsol)

S
Ssssss

IGs
I

V iolet to  brow n 
to  b lack

Neg.
V.S1.

Pos. 
H eavy  yel. 

M uch

O range

117
0

160
1.61
1 .20

49
0

370

1.22 1.2

Phenol o r cresol

Pos.
H eavy brow n 

Cons.
N eg. o r w eak pos. 

Red 
V. SI. vio le t 

Pos.
Nej*.

R ed vio le t 
2 

120 
295 

1.66
1.099

Neg. 
P ungen t fo rm ­

aldehyde 
Pos.
Nil

Cons.
Neg.
Neg.
Neg.
Pos.

50
0

270
1 .4 7 -1 .7
1 .2 1 -1 .2 7

Coal gas

Nil
Nil

C om plete

Red
Neg.
Pos.

R ed v io le t 
8 
0 

127

1.23

Phenolic
resin

IG
IG
IG
IG

P.S.
S

IG
I
S
I
I
I

SI. pink

Pheno lic  +  form ­
aldehyde 

M uch 
H eav y  brow n 

SI.
R ed  weak 

Violet 
Pos.

Red

54
450

Phenol
Indene

C um arone

P.S.G .-S
S
S
S
S
S
S
S
S

S carle t to  red  
brow n to 
brown

Coal ta r  or 
indenelike 

N il 
V.S1. 

Com plete

Neg.
Yellow

Pos.

6
0

150
1 . 6- 1.66

1.116 2
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A. T e s t so lub ility  in e ther 
Soluble: T e s t so lub ility  in 95%  ethanol
Soluble: T est so lubility  in n oetic acid
Soluble: T est for acid No.

Table X V I.  Separation of G roup H
(H alogens, n itrogen, and  su lfu r ab sen t. Saponification Nos. less th a n  120.

Insoluble: D o T est X I I
Insoluble: T es t so lub ility  in dioxane

A cety l Nos. less th a n  40)

Inso lub le : T est so lubility  in acetic  acid (B)

Acid No. over 100, 
h y d r o  g e n a t  e d 
rosin. C onfirm  by 
T ests I I  and  V I. 
R esin is b rittle . 
Solid

Acid N o. low, 
e th y l ab ie- 
ta te . Confirm  
by  T ests  II 
and  IV. Resin 
is viscous 
fluid

B. Solubility  in acetic  acid 
Soluble: P o ly- Insoluble: Apply T est X

m ethy l m ethacry l­
a te . C onfirm  by 
T est V I. Soluble 
in CCU

P ositive : D iliy- 
d r o  m c t  h y  1 
a b ie ta te . Con­
firm  by  T est 
VI. Only 
p a rtly  soluble 
in  pyrid ine

N egative: 
polym er 
m a rone 
Confirm  
T est VI.

Low-
cu-
oil.
by

Solu­
b le in  pyrid ine

Insoluble: T e r­
pene resin. 
C onfirm : Sol­
uble in  ligroin, 
insoluble in p y ­
rid ine o r ace­
tone

P ositive : H igh
m .p . cunia- 
rone resin. 
C onfirm  by 
T ests  II  and  
VI

sty ren e . C on­
firm  by  T ests 
I I  and  VI. 
Insoluble  in 
acetone

Soluble 
Resin usually 

d a rk  and  m ay 
con ta in  som e 
sulfur, iso b u ty l­
ene copolym er 
w ith diolefins. 
Confirm  by 
T est VI. Solu­
ble in  CCU

Resin ligh t col­
ored, polyiso­
bu ty lene . Con­
firm  by T est 
V I. Soluble in 
CCU

Soluble: D o T e s t X
P ositive : C um a- 

rone or poly- 
indene resins. 
Confirm  by 
T ests  I I  and  
VI

N egative: T est so lub ility  in dioxane
Soluble: P o ly - Insoluble: T est so lub ility  in benzene

N egative: Do T est I I
N egative  or pale 

orange, h y d ro ­
g enated  cu- 
m arone indene 
resin. C on­
firm  by  T ests 
V I and  X IV . 
L igh t - colored 
resin , insoluble 
in acetone and 
ligroin

Insoluble: B u ta ­
diene - s ty rene  
c o p o l y m e r .  
Confirm  by  
T ests I I  and  
V I. Insoluble 
in CCU

P ositive : R ed or
purp lish  red , may 
change to  green 
o r brow n, cuma- 
rone resin. Low 
m .p. sem ifluid res­
ins a re  ‘‘soft" 
type . H arder 
solids "m edium " 
type . Confirm  by 
T ests  V I and  X. 
M ostly  soluble in 
ligroin

T est I I I ,  N H , w ith burning hair odor characteristic of all ex­
cept melamine-formaldchyde which gives a formaldehyde odor. 
T est VI, similar to  T est I I I .  T est X I, positive w ith urea-form- 
aldehyde, melamine-formaldehyde, casein-formaldehyde. N eg­
ative w ith  polyamide resin and gelatin. T est X II , positive w ith 
gelatin and casein-formaldehyde resins only.

Cellulose E sters. Usually light color, n™ 1.47-1.51. S;ie- 
cific gravity  1.2-1.4. Nitrocellulose burns rapidly, o ther esters 
burn  slowly; former yields T ext IV. T est V, positive except for 
nitrocellulose. T es t VI, odor of burning paper. T est X I, 
negative to  red. Saponification No., 500 to  550.

Cellulose E thers. Usually light color. 1.47. Specific
gravity  1.10-1.25. Solubilities vary  according to  ethoxyl con­
ten t, higher ethoxyl being more soluble. Methylcellulose soluble 
in ho t w ater and insoluble in m ost o ther solvents. T est VI, 
odor of burning paper accompanied by  benzaldehyde odor in 
case of benzyl cellulose. T est X IV , usually positive.

Chlorinated Diphenyls. U sually light color, vary  from th in  
liquids to  hard solids, n lf  1.61-1.71. Specific gravity  1.34- 
1.95. Yield strong halogen test. Soluble in all solvents listed 
in T able II . T est VI, slight acrid odor, much distillation.

C um arone-Indene R esins. V ary from light- to  dark-colored 
liquid or solid resins. rrin° 1.6-1.66. Specific gravity  1.01-1.15.

Insoluble in 95%  ethanol and acetic acid. Usually soluble in 
e ther, acetone, esters, dioxane, or pyridine.

T est I I , red color characteristic which m ay change to brown or 
violet, rarely to  green. T est VI, indenelike odor and almost 
complete distillation. T est X , positive w ith higher molecular 
weight polymers. H ydrogenated cumarone resin insoluble in 
acetone and T est I I  weak orange; otherwise similar.

Phenolic Resins. Vary from light to  dark  resins, usually solids. 
»»“ 1.47-1.7. Specific gravity  1.1-1.27. M ostly soluble in pyri­
dine, acetone, ether, tetrachloroethane, dioxane, and ethyl ace­
ta te , b u t usually insoluble in 95%  ethanol. H eat-reacted forms 
m ay be insoluble in all solvents.

T est II , m ay be negative bu t browns predom inate. T est VI, 
odor of phenol or formaldehyde w ith considerable distillation. 
T est IX , frequently  positive. T est X II , positive. T est XIV, 
frequently  positive.

R esin Products. Straw  to  highly colored liquids and solids. 
?riD° 1.52-1.61. Specific gravity  1.03-1.22.

Soluble in m ost solvents used in solubility tes t w ith the follow­
ing exceptions: Polybasic acid insoluble in CCL, benzene. Di­
hydrom ethyl abietate, partially  soluble in pyridine or acetic acid. 
R ed colored modified resin (Vinsol) insoluble in CCL or benzene.

Table X V II. Properties of Resins of G roup H
C um arone R esins. . . .

H ydrogenated
T est
No. P ro p erty  Sought

Poly  m ethy l 
M eth ac rjd a te

Terpene
Resin P olysty rene

Low 
polym er oil Polyindene

cum arone 
indene resin

H igh m .p. 
cum arone

I S olubility
95 %  e thano l I I I S I I I
Acetone S I IG S S I S
E th e r I S IG S S S S-I
E th y l a ce ta te s Sl.S.G. P .S .G . S s S s
D ioxane s Sl.S.G . S S s s s
Pyrid ine s Sl.S.G . S S s s s
A cetic acid s I I I I I I
C arbon  te trach lo ride I s s S s S +  G S-I
T e trach lo roe thane s s s P .S s S s
Benzene s s s s s S P.S-S
Ligroin I s I I

I I L ieberm ann-S torch Ncg. Neg. Neg. S carle t to  red B rig h t red L igh t orange R ed to  pur­
vio le t plish red to 

brow n
V C arboxylic  esters Neg. Neg. Neg. Neg. Neg.

V I O dor on ignition Sickly sweet Like coal gas S tyrene Indene Indene Indene Indene
odor of 
m onom er

C h ar V.S1. Nil Nil Nil Pos. Nil SI.
Fum e SI. w hite V.S1. Cons, w hite Nil H eavy  yel. Nil SI.
D istilla te C om plete C om plete C om plete C om plete M uch C om plete Com plete

X C um arone resins Neg. Neg. Neg. Pos. Neg. Pos.
X I Form aldehyde Neg. Neg. Neg. Orange Neg. Neg. Neg.

X I I X an th o p ro te ic  reaction Neg. Neg. Neg. Neg.
X I I I A cetates Neg. Neg. Neg. Neg.
X IV A ldehyde Red

Acid No. 4 2 2 2 7 6 2
Saponification  No. 20 0 0 0 0 0 0
A cetyl No. 0 0 0 0 0 0 0
R efractive  index 20° C. 1 .49 1.59 1 .60 1 .6- 1.66 1 . 6- 1.66

20° CSpecific g rav ity  2Q0 c 1 .19 1.05 1 .01 1.10 1.10



Test II , red to  violet color. T est V. If  any  odor it  is pine or 
balsamlike, resin distills w ithout residue. Saponification num ber 
low except for hydrogenated rosins and the  polybasic acid. Acid 
number over 100 only in case of the Vinsol resin. A cetyl num ber 
zero except for Vinsol resin.

R ubber and R ubber Substitutes. Halogen Containing. Chlo- 
roprene is black rubbery resin, characteristic odor, insoluble in 
all solvents. R ubber hydrochloride and chlorinated rubber light 
colored. Form er insoluble in all except tetrachloroethane; la tte r 
soluble in ethy l acetate, dioxane, and pyridine. Cashew n u t oil 
polymer is sticky black resin soluble in  pyridine only.

Butadiene Copolymers. B lack rubbery solids. Butadiene- 
styrene copolymer insoluble in all solvents. Butadiene acrylo- 
nitrile copolymer insoluble in all solvents, contains nitrogen.

Polyisobulylenes and Copolymers with Diolefins. Light-colored 
fluids to  rubbery solids. Copolymers usually dark  colored.

Poly sulfide Rubbers. Contain much sulfur. Specific gravity 
1.34. Soluble in  dioxane, pyridine, tetrachloroethane. T est II, 
red violet changing to  brown. T est V I, m ercaptan odor, consid­
erable distillate.

Vidcanized Natural Rubber. Contains sulfur. n \ 1.52. 
Specific gravity  1.1-1.18. Insoluble in all solvents. T est VI, 
characteristic odor of burning rubber, no distillate.

Sulfonamide R esins. L ight colored varying from soft viscous 
fluid to hard  resins. n 2D° 1.56-1.60. Specific gravity  1.31-1.36. 
Soluble in m ost solvents shown in T able VI, insoluble in CCL. 
Test X I, strong violet.

Terpene Resin. Light-colored solid. Soluble in ether, CCL, 
tetrachloroethane, benzene, ligroin. Insoluble in 95%  ethanol, 
acetone, dioxane, ethy l acetate, acetic acid. T est VI, odor like 
coal gas, distills completely.

Vinyl R esins. Halogen-containing. S trong tes t for halogen. 
Very light-colored solids. n aD° 1.53-1.61. Specific gravity 1 .2- 
1.75. Insoluble in ligroin and benzene. T est II , blue or green 
color slowly develops in resin.

Polyvinyl Esters. Colorless solids, n 2D° 1.47. Specific gravity 
1.19. Polyvinyl acetate soluble in all the  solvents except ether 
and ligroin. Copolymers insoluble in e ther and ligroin bu t may 
also be insoluble in the o ther solvents.

Test II, resin tu rn s green; th is is characteristic. T est V, red 
violet. T est VI, characteristic odor, very  slight distillate contain­
ing the acid usually acetic. T est X I, red to  negative. T est 
XII, blue or purple to  black. Saponification No. 400 to 600.

Polyvinyl Alcohol-Acetale. Light-colored resin. 1.47-1.55. 
Specific gravity , 1.2-1.33. Low and medium acetates insoluble 
in everything except w ater. H igh acetates soluble in pyridine. 
Test II , green to  brown color. T est V, red violet. T est VI, 
pungent acidic odor, no distillate. T est X III , v iolet to  blue or 
purple. Acetyl num ber, low acetate  type, 1080 to  1270, 
Saponification N o.: low acetate, 0 to  119; m edium acetate, 
120 to  325; high acetate, 325 to  540.
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Polyvinyl Acetals. Light-colored resins. »T>° 1.46-1.50. 
Specific gravity  1.11-1.23. All insoluble in ether, CCL, ligroin. 
All soluble in dioxane, pyridine, tetrachloroethane, or acetic acid.

T est II , usually brown. T est V, red violet. T est VI, charac­
teristic odor of aldehyde indicates type; little  distillate. T est 
X I, violet w ith formals, red or brown w ith acetals, red w ith 
butyrals. T est X IV , usually red violet, formals m ay be negative.

Polystyrene. Light-colored resin. np° 1.59. Specific gravity  
1.05. Soluble in dioxane, pyridine, CCL, tetrachloroethane, 
benzene. Insoluble in 95%  ethanol, acetone, ether, acetic acid, 
ligroin. T est VI, odor of styrene, complete distillation. Saponi­
fication No. zero.
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C um arone Resins (Cont'd)

Table X V II.  Properties of Resins of G roup H  (Continued)

R osin P roducts Syn the tic  R ubbers

M edium  m .p. 
cum arone

I
I-S
Ssss
Is

' s "
P.S-S

Orange to  brick 
red

Indene
Nil 

V.S1. 
Com plete 

Pos. to  neg. 
Neg.

0
0
0

1 . 6- 1.66
1.10

Soft
cum arone

1
S
Ssss
Is
s's

R ed to purplish  
red  to  green
or brow n

Indene
Nil 

V.S1. 
C om plete 

Pos. to  neg. 
Neg. to  weak 

vio le t

0
0
0

1 . 6- 1 . 6 6
1.10

Ethyl
abietate

S
S
S
S
S
S
S
S
Ss

R ed to v io le t to 
blue to  black

Neg.
Pine
Nil
Nil

C om plété

Red

Pos.

4
25
0
1.53
1.03

D ihydro-
m ethyl

ab ie ta te

S
S
S
S
S

P.S
P.S

S
Ss

R ed  to  vio le t to  
pu rp le  to 
green

Neg.
P ine
Nil
Nil

C om plete

Neg.

Pos.
Neg.

6
25
0
1.52
1.03

H ydrogenated
rosin

S
S
S
S
S
S
S
S
S
S

R ed to  v io le t to 
green to  blue

Neg.
F a in t balsam

Nil
Nil

C om plete

Neg.

Neg.

165
6

' V. 53 
1.06

B utad iene-
s ty rene

copolym er

I
I

IG
I

IG
IG
I

IG
IG
IG
IG

P ale  blue to 
g ray  green

S ligh t s ty ren e
Pos. 

Cons, w hite 
C onsiderable

0
0
0
ó :¿í

Isobutylene 
copolym er w ith 

diolefins

1
I
I
I
I
I
I
S
Ss

P.S
Neg.

Neg.
V.S1. arom atic

SI.
Cona. w hite 

SI.
Neg.
Neg.

Poly­
isobu ty lene

I
I

Sl.S.G.
I
1
1
I
Ss
s

Neg.

L ike coal gas
N il

V.Si.
N il

P a te  violet

0 .9 2

5
0
0
1.51
0 .912



Determination o f H ydrocyanic A c id ,  Especi ally 

in C oke-O ven Gas
J. A .  S H A W , R. H . H A R T IG A N , A N D  A N N A  M . C O L E M A N , M e llo n  Institute, Pittsburgh, Pa.

The fo llow ing  method for rapid and accurate determination of 
hydrocyanic acid in coke-oven gas by  a cyanogen bromide pro­
cedure, with a few changes should be of fa irly  general app licab ility  
in cyanide analysis. A fte r  absorption in potassium hydroxide in a 
special type o f flask the sample is treated with an ammonium p o ly - 
sulfide solution to convert the cyanides to  thiocyanates, thereby 
reducing the partial pressure o f the free acid radical. The solution 
is then acidified at room temperature and carbon d io x ide  e lim i­
nated w ithout appreciable loss of thiocyanate. M ost of the gas is 
removed from the flask by  at least partial evacuation, and, in the 
order named, the fo llow ing reagents are added in excess: potas­
sium bromide-bromate solution to  convert th iocyanic acid to cyano­
gen brom ide, phenol solution to  elim inate excess bromine, and 
potassium io d ide  to  reduce cyanogen brom ide and substitute 
iodine. A s  this treatment is accomplished in an evacuated cham­
ber, vapor pressure losses are zero. The liberated iod ine is titrated 
w ith sodium thiosulfate solution. Studies were made which es­
tablished conditions under which the action o f the above reagents is 
substantially immediate. Laboratory time required for the analysis 
is about 15 minutes.

TH E  following procedure has been tried by the authors on 
m any laboratory solutions and found satisfactory in contrast 

to  other m ethods recommended for the determ ination of hydro­
cyanic acid by brom ination followed by iodometric titra tion . 
I t  has been used successfully on coke-oven gas, where i t  is of 
particular value because of its  wide range of applicability w ith 
respect to  hydrocyanic acid concentrations. I t  also has a dis­
tinct- advantage in th a t it in tegrates the analysis over a  period 
of tim e as compared w ith th e  procedure of Seil (11) which em­
ploys an enlarged Tutw iler apparatus. T his superiority is partic­
ularly desirable as the concentration of hydrocyanic acid in 
coke-oven gas often varies as m uch as perhaps 50%  during a 30- 
m inute interval. Incidentally, the Seil (11) m ethod used on 
synthetic solutions of pure potassium cyanide standardized 
against silver n itra te  gave results th a t were 16 to  20%  high for 
quantities of hydrocyanic acid equivalent to  a  gas carrying" 20 
to 40 grains of hydrocyanic acid per 100 cu. feet, and a  single 
tes t on a 2-grain gas showed 185% of the am ount present. This 
appears to be due to the blank exhibited by  dilute iodine 
solutions. (The Tutw iler iodine used in this tes t is approxi­
m ately 0.013 N .)  The Tutw iler procedure perm its of no satis­
factory compensation for this blank, nor can gas volum e correc­
tions be made.

T he proposed m ethod depends upon conversion of the cyanide 
or certain of its  derivatives to  cyanogen bromide, reduction of 
cyanogen bromide w ith potassium iodide, and titra tio n  of the 
liberated iodine w ith sodium thiosulfate solution. Several such 
procedures have been described in the literature. In  the ex­
perience of the au thor and his associates, none of these have 
proved satisfactory, except perhaps under very restricted condi­
tions. As the reactions involved have inherently great analytical 
advantages, a  study  of them  wTas made which has resulted in the 
elim ination of several sources of error, a  widening of the scope of 
their application, and a considerable decrease in the tim e re­
quired for analysis. T he laboratory tim e required for this 
analysis is about 10 to  15 m inutes. Reproducibility obtained 
appears, in  general, to be comparable to  th a t  involved in  mechan­
ical m easurem ent of the standard  solutions. T his m ethod 
was used to  titra te  a  potassium thiocyanate solution carefully 
standardized by the Volhard procedure. The results varied from

the Volhard by 1.5 parts  per thousand. For the quantities 
(20-ml. titrations) the probable mechanical error was 2 parts  per 
thousand.

SPECIAL APPAR ATU S A N D  SOLUTIO NS REQUIRED

2 Shaw sulfur flasks (IS).
Potassium  hydroxide solution, 20%.
Ammonium polysulfide solution, which is prepared by taking 

25 to  50 ml. of aqua amm onia, passing hydrogen sulfide through 
i t  a t th e  ra te  of 2 to  3 bubbles per second, and adding an excess 
of micro sulfur to  the solution. A fter about 15 m inutes, th e  solu­
tion will bo substantially  sa tu ra ted  w ith sulfur and m ay be bottled 
for use. The ordinary analytical grade of yellow ammonium 
sulfide is n o t effective for th is purpose.

Hydrochloric acid, concentrated reagent solution (1.18 sp. gr.). 
Brom ide-brom ate solution, 125 gram s of potassium  bromide and 
25 gram s of potassium  brom ate diluted to  1 liter w ith water, ap­
proxim ately norm al w ith  respect to  potassium  brom ate. Phenol 
solution, approxim ately 5%  phenol in w ater. Potassium  iodide 
solution, about 50 gram s per 100 ml. of solution. Thiosulfate 
solution, 0.1 N  [0.01 N  for a  concentration of hydrocyanic acid, 
below 1 grain per 100 cu. feet of gas (2.S32 cu. meters) about 
0.002%  hydrocyanic acid]. Starch indicator solution.

PROCEDURE I

(For concentrations of hydrocyanic acid above 5 grains per 
100 cu. feet, 3.25 gram s per 1000 cu. feet, about 0.01%  hydro­
cyanic acid.)

Place 20 ml. of 20%  potassium  hydroxide solution in each of two 
Shaw sulfur flasks, connect in series for gas scrubbing, and scrub the 
gas a t  a  ra te  of no t more th an  2.0 cu. feet per hour, w ith a meter at 
the end of the tra in . A 20 X 2.5 cm. (S X 1 inch) test-tube trap 
m ay be used instead of the second sulfur flask. If  the gas con­
tains 10 grains of hydrocyanic acid per 100 cu. feet, a  1.0-cu. foot 
sam ple will give a final titra tio n  of about 5 ml. of 0.1 N  thiosulfate 
solution. I t  is suggested th a t  no m ore th an  2.5 cu. feet of gas 
be taken  as a sam ple because there  is danger th a t a  relatively large 
am ount of carbon dioxide in the gas will destroy th e  caustic 
alkalinity  and cause hydrocyanic acid to  escape. A fter reading 
the m eter, rem ove th e  tra in  and  combine the scrubbing solutions, 
employing as little  wash w ater as possible. Add 10 to  15 drops 
of the am m onium  polysulfide solution, shake to  mix, and  let stand 
2 m inutes. In  special instances where the volum e of acid gasps 
present is small, th e  polysulfide trea tm en t m ay  be omitted, in 
which case th e  flask containing the caustic solution is evacuated 
before subsequent acidification.

Remove the stopper and m ake th e  solution in th e  flask just 
acid by slowly adding concentrated hydrochloric acid, mean­
while swirling th e  flask to  mix. I f  no ex tra  alkali (such as 
ammonia) is present, th is  trea tm en t will require about 10 ml. of 
acid. T he end point is indicated by  the disappearance of the 
yellow color of amm onium sulfide. Use a  sufficient excess of 
hydrochloric acid to  yield approxim ately norm al acid ity  a t the 
tim e the potassium  iodide solution is subsequently added (8 ml. of 
concentrated hydrochloric acid per 100 ml. of solution are gener­
ally satisfactory). Avoid high local concentrations of acid in the 
solution. Cool th e  flask to  room tem perature  if necessary, and 
evacuate. I f  the solution is sa tu ra ted  w ith carbon dioxide, this 
operation m ust be done carefully a t  first. The suggested pro­
cedure is to  tu rn  th e  channeled stopper in  the flask to  an open 
position and to  a ttach  a  ligh t suction to  th e  ou tle t stopcock, so 
th a t a  gentle bubbling takes place which can be m aintained by 
progressively cu tting  down th e  size of the opening in  th e  stopper 
plug.

Finally  p u t on full suction, remove m ost of the air, and dis­
connect from the suction line. T hrough the adjustab le  vent in 
the funnel top  of flask add increm ents of potassium  bromide- 
brom ate solution w ith  shaking un til an excess of about 2.0 nil. 
of the reagent is present after 5 m inutes’ standing. Usually 
5 to  10 ml. are required. A fter a little  experience th e  depth ot 
brom ine color in tn e  sam ple will be a  sufficient guide. A large 
excess of brom ine should be avoided. W ash the funnel top with 
w ater to  rem ove excess potassium brom ide-bromate and pass a few
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drops in to  the flask. Wash the tubes of the flask also w ith a little  
water after th e  addition of each reagent has been completed. 
Shake to mix and le t the flask stand  2 to  3 m inutes. Add about 
1 ml. of the 5%  phenol solution, wash in to  a  flask w ith a few 
milliliters of w ater, and  shake to  mix, so as to  elim inate all traces 
of yellow brom ine color in the solution. T hen add 4 ml. of 
potassium iodide solution, shake, and let stand  2 m inutes. The 
iodine produced is am easure of the hydrocyanic acid in the sample. 
Vent the flask to  the air, place a little  distilled w ater in the funnel 
top, and remove thestoppcr. T itra te  the iodine w ith 0.1 JV thio­
sulfate solution, adding starch  indicator solution near the end. The 
titration, which is m ade in the "sulfur flask” , is accomplished 
in two operations: initially swirling th e  flask to  mix the thio­
sulfate and iodine, and then  finishing after m ost of the iodine 
has disappeared by a ttach ing  a  rubber tube to  th e  inlet tube of 
the flask and blowing w ith the breath  to  mix during the addition 
of the last few milliliters of the thiosulfate.

C a lc u la t io n 's .  T he reaction is based on the following equa­
tion:

C X B r +  2H I =  H O N  +  H B r +  I 2
Then

Ml. of 0.1 N  thiosulfate X 2.084
cu. ft. of gas in sample (corrected)

grains of H C N  per 100 cu. ft. of gas (corrected)

PROCEDURE II

(For concentrations of hydrocyanic acid below 5 grains per 
100 cu. feet, 3.25 gram s per 1000 cu. feet, 0.01%  hydrocyanic 
acid.)

Under the preceding procedure the size of gas sample, because 
of carbon dioxide present, is roughly lim ited to  2.5 cu. feet, which 
would require on titra tion  only 6 ml. of 0.1 N  solution on a gas 
containing 5 grains of hydrocyanic acid per 100 cu. feet. Much 
smaller titra tions are undesirable and  the use of 0.01 N  solutions 
introduces o ther well-known b u t n o t always realized complica­
tions. I t  has been found th a t, where am m onia is present in the 
gas in sufficient concentration, w ater can be used in place of 
potassium hydroxide solution as a  scrubbing m edium to yield 
sufficiently, accurate results. F or such a purpose the ammonia 
concentration of the gas is no t perm itted  to  drop much below 
1000 grains per 100 cu. feet throughout the test. T he problem 
of conveniently adding such an am ount of ammonia has re­
quired some consideration, as the volume of pure amm onia gas 
desired (0.03 cu. feet per hour), is too sm all to  be m easured con­
veniently by  a  flowmeter; and aqua am m onia exhibits too high 
an initial partia l pressure of am m onia to  be used directly where it 
is necessary to  scrub a  large sample of gas, while w ith small gas 
samples an  undesirably large am ount of ammonia is left in the 
scrubbing solution. F or all these reasons, procedure II , de­
scribed below, is recommended for use where gas of very low 
hydrocyanic acid concentration is to  be analyzed.

Set up tw o sulfur flasks and  a  15 X 2.5 cm. ( 6 X 1  inch) test 
tube, each charged w ith 25 ml. of distilled w ater, as in procedure 
I, except th a t  a  glass tee is placed in the gas sam pling line just 
before the first sulfur flask and a sulfuric acid trap  for ammonia 
is inserted before the m eter. Connect three 15 X 2.5 cm. (6 X 
1 inch) tes t tubes charged w ith 25 ml. each of aqua ammonia 
solution (28%  reagent grade) in  series, and, from a  compressed 
source, pass a ir or o ther inert gas through a  flow m eter, through 
the aqua amm onia, and through the tee in to  the gas stream  be­
fore the hydrocyanic acid scrubbers. A djust the gas rate 
through th e  am m onia solution to  approxim ately 10% of th a t  of 
the gas passing through the hydrocyanic acid scrubbers, and a t 
the conclusion of the tes t deduct the volume of the inert gas from 
the total gas reading to  obtain  th e  true  volum e of sam ple. A t a 
total gas ra te  of 2 cu. feet per hour this com bination will m ain­
tain the desired am m onia concentration in the gas throughout 
the passage of 10 cu. feet of sam ple w ithout introducing excessive 
unounts of amm onia in to  the  scrubbing solution. A 10 cu. feet 
sample will yield a  titra tio n  of about 5 ml. of 0.1 N  thiosulfate 
f the gas has a  hydrocyanic acid concentration of 1 grain per 100 
-u. feet. For larger sam ples (or room tem peratures much above 
¡0° C.) a greater volume of aqua amm onia should be used. For 
he analysis of the sam ple add the contents of the test-tube scrub­
ber to the second sulfur flask, add amm onium polysulfide, and 
allow the directions in procedure I.

I t is suggested th a t  the contents of the two sulfur flasks be 
itrated separately w ith  0.1 N  thiosulfate and the  two titrations 
uided together for the  hydrocyanic acid calculation, though, if 
lesired, th e  iodine solutions can be joined and titra ted  as one. 
fhe separate titra tio n  perm its a  comparison th a t throws light 
® the scrubbing efficiency and consequently on the ammonia

enrichm ent during scrubbing. The am ount of thiosulfate re­
quired for titra ting  the solution in the first flask should be about 
four times th a t  for the second flask. U nder these conditions in 
this laboratory less th an  2.5%  error was indicated for analyses 
of a 1-grain gas. An additional w ater scrubbing unit will lower 
this error bu t will m ake the procedure more cumbersome. If  it 
i t  desired to analyze gases having a  hydrocyanic acid concentra­
tion below 1 grain per 100 cu. feet, it is suggested th a t 0.01 N  
thiosulfate solution be used, in which case the thiosulfate ti tra ­
tion should be made a t  a  tem perature below 15° C. to  avoid 
unreasonable blanks.

FURTHER APPLIC ATIO N S O F M ETH O D

I t  seemed th a t  if this m ethod is satisfactory for determ ining 
hydrocyanic acid in gas, it  would be of u tility  in analyzing a 
wide varie ty  of miscellaneous solutions containing hydrocyanic 
acid derivatives. T his has indeed proved to be the case. The 
procedure has given reliable results in th e  standardization of 
potassium cyanide and potassium thiocyanate solutions, in  the 
analysis of two types of wet-process gas purification liquors where 
it  is a  g rea t tim e saver (as thiosulfate and chloride do no t in ter­
fere), and in analyses of pure samples of cyanogen bromide.

The amm onium polysulfide treatm en t m ay be om itted in all 
cases where th e  gas liberated by acidification is insufficient to 
destroy the vacuum . In  the analysis of alkaline cyanides, such 
as potassium cyanide, a  small excess of fixed alkali should be 
added to  the sample before evacuating the flask to  prevent vapor 
loss.

Although the recorded reactions of cyanogen bromide offer 
several possibilities for its  determ ination (1, 3, 5, 8, 9, 12), an 
iodometric m ethod seemed most practical for routine laboratory 
use. Difficulties were encountered, however, w ith previously 
recommended procedures (2, 16, 17). The authors therefore de­
cided to  investigate the following factors: tim e required for
oxidation and reduction, effects of pH  during oxidation and 
reduction, influence of nature  of acid present, and action of cer­
tain  alkaline salts prior to  reduction.

In  studying the reduction phenomena, pure cyanogen bromide 
was weighed and  transferred  quickly to  w ater in a  volum etric 
flask. T his stock solution was kep t a t  0° C. and fresh solutions 
were frequently  prepared. A liquot sam ples were taken  for in­
dividual analyses. T he pipets were filled by pressure instead of 
suction and  th e  contents delivered below the surface of a  fixed 
volume of w ater in an  ordinary glass-stoppered Erlenm eyer flask. 
Known quantities of acid and potassium  iodide were added, and 
the flask was quickly stoppered and le t stand  for a definite period 
of time. Finally  the liberated iodine was determ ined w ith 
sodium thiosulfate.

Table I. Influence of Sodium Carbonate and Trisodium Phosphate 
on Cyanogen Bromide A na lys is

C oncen tra tion  of c y a n o g e n  brom ide stock  so lu tion , 15.58 g ram s per tite r 
(p u rity  97 .5% ). A liquot for each d e te rm ina tion , 10 ml. C oncen tra tion  of 
sodium  carb o n ate  and  trisod ium  ph o sp h ate  so lutions, 1.34 .V. Volume of 
so lu tion  a f te r  acid ification , 100 m l.: acid ity , 1 A’. P otassium  iodide added , 
4 m l. (0.5 gram  p e r m l.). C oncen tration  of sodium  th iosu lfa te , 0.0822 N . 

A lkaline 
Solution 

Used

N aiC O i 
NarCOa 
N aiC O i 
NaiCOa 
N aiC O i 
N aiC O i 
N 'a.PO,
N ajPO t 
N ajPO .
Na>PO<
N ajPO ,
N ajPO .
N ajPO ,
N ajPO .

° D uring  tim e in te rv a l so lu tion  becam e sligh tly  acid.
& D uring  tim e in te rv a l p H  dropped  to  6.1.
Inclusion  of only  one figure ind ica tes  reproducib le  re su lt.

R eaction  Tim e
with A lkaline Sodium

Q u an tity Solution p H T hiosu lfate
M L M l.

3 4 .8 5  (C ontro l)
0 .0 3 30 sec. 7 .5 7 3 4 .6 8
0 .0 3 30 min. 7 .5 7 “ 34 .49

10 30 sec. 9 .9 6 29 .81
10 30 min. 9 .96 7 .67
25 30 sec. 10 .04 29 .40
25 30 sec. 10.04 29 .04

0 .0 3 30 sec. 7 .5 * 34 .85
0 .0 3 30 min. 7 .5 * 34.73

10 30 sec. 10 .90 24 .43
10 30 sec. 10 .90 24 .51
10 30 min. 10 .90 0 .0 3
25 30 sec. 18 .77
25 30 sec. 17.93
25 30 min. 0 .0 0
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A study of the influence of tim e on the reduction of cyanogen 
bromide showed th a t while Schulek (10) specifies a 30-m inute 
delay, actually  the reduction is complete in less than  0.5 m inute 
under the conditions employed. In  order to learn the effect of 
acid concentration, nine determ inations were made, in concen­
trations varying from 0.1 to  6.0 N . The results agreed within 
th e  experimental error. An investigation of the effect of the 
nature  of the acid present was m ade by using several concen­
trations of acetic and phosphoric acids, including the concentra­
tions used by  C hattaw ay and W admore (3), M pller (6), and 
Schulek (10). The success of th e  reduction was found to  be 
independent of th e  source of hydrogen ion, excluding, of course, 
oxidizing and reducing acids.

Buchanan (2), in accordance w ith Stevens and B lackett (IB), 
suggests the addition of sodium carbonate to  the sample, followed 
by slight acidification before conducting the analysis. N ardin 
(7), who originated the use of sodium carbonate, claims th a t “by 
previously neutralizing sulfuric acid present, more reliable and 
slightly higher results are obtained” . This suggestion was 
investigated, and also, for purposes of comparison, the action of 
trisodium  phosphate, w ith the results shown in T able I.

These findings indicate tha t, if the  solution is m ade ju s t alka­
line w ith sodium phosphate no observable destruction occurs 
in 30 seconds, b u t w ith sodium carbonate a  small, though meas­
urable, quan tity  of cyanogen bromide is lost. In  both  cases 
increased am ounts of alkaline solutions and longer reaction peri­
ods cause very m arked decomposition. W ith carbonate there is 
observed an  additional loss due to  expulsion of cyanogen broiAide 
with the carbon dioxide liberated upon acidification.

RECOMM ENDED PROCEDURE FOR PURE C Y A N O G E N  BROMIDE

Although, as the foregoing data  indicate, the analysis of 
cyanogen bromide m ay  be conducted under widely varying con­
ditions, in this laboratory the following procedure has been 
adopted:

W hen a solution is to  be analyzed, a  suitable qu an tity  of hydro­
chloric acid is placed in a glass-stoppered Erlenm cyer flask to ­
gether w ith 4 ml. of the potassium iodide solution. An aliquot of 
the sample containing 0.1 to  0.2 gram  of cyanogen bromide is then  
delivered ju s t under the surface of the acidified solution and the 
flask is quickly stoppered. The solution is of such volum e and 
concentration th a t a fter the addition of the sam ple there  will be 
present 100 ml. of 1 A  acid.

If  a  solid product is to be analyzed, individual samples of 0.1 
to 0.2 gram  are weighed in small glass-stoppered bottles, and 
dropped into 100 ml. of 1 A  hydrochloric acid containing 4 ml. 
of potassium iodide solution.

In  either case, a fter a t  least 30 seconds the liberated iodine is 
titra ted  in the custom ary m anner w ith 0.1 A  thiosulfate solution.

DISCUSSION O F M ETH O D

Several procedures appear in the literatu re  for using this re­
action as a m easurem ent of hydrocyanic acid in  gas. The 
authors and several associates have tried  these m ethods w ith 
inexact results. As cyanogen brom ide hydrolyzes in neutral or 
alkaline solution, previous analysts have added the potassium- 
hydroxide gas-scrubbing solution slowly to  an  excess of strongly 
acidified bromine w ater. A t least in  fuel-gas analysis, large 
am ounts of carbon dioxide are frequently present in the sample. 
Losses of cyanogen brom ide in  the released carbon dioxide in­
evitably occur, causing low results by the procedure mentioned. 
In  the method here recommended, the hydrocyanic acid is con­
verted  to  relatively nonvolatile thiocyanic acid by ammonium 
polysulfide, perm itting release of carbon dioxide to  the air upon 
acidification. T he reaction to form potassium  thiocyanate 
does no t take place unless the polysulfide molecule contains 
more than  2 atom s of sulfur. I f  hydrogen sulfide is absent from 
the gas, 5 drops of th e  polysulfide solution are sufficient. If  
hydrogen sulfide is present, the sulfide formed appears to react 
w ith the polysulfide added, tending to reduce the sulfur ratio

below the 3 to 1 lim itation. In  dealing w ith unknown conditions, 
it  is well to  establish by tria l and error the am ount of polysulfide 
solution required. A very large excess is undesirable, b u t could 
no t be readily avoided if the gas were actually scrubbed with 
polysulfide.

There is danger of hydrolysis of cyanogen brom ide upon 
pouring an alkaline cyanide solution into acidified brom ine water, 
This hydrolysis is extremely rapid  in  alkaline solution and there 
is th e  risk of a side reaction taking place a t  the interface of the 
two stream s. A som ewhat analogous condition exists if alkaline 
sulfide is run  into acidified iodine, where very high results are 
occasioned by increased oxidation a t  the interface. The authors, 
therefore, recom mend th a t  in  all cases the sample be acidified 
before addition of brom ine. If, for any reason, too high a con­
centration  of acid is present after brom ination during the analysis 
of a  sample, the concentration should be diminished by  dilution 
and no t by  addition of alkalies.

Potassium  brom ide-brom ate solution is used instead of bromine 
w ater because i t  is more convenient to  handle and the bromine 
value of the solution is constant.

T he acidity  of the solution is fixed a t  approxim ately A  hydro­
chloric acid, a  convenient strength  to  complete brom ine and 
iodine oxidation reactions. Hydrochloric acid is preferred over 
sulfuric acid for th is purpose. Very large excesses of acid are to 
be avoided.

If too large an excess of brom ine is used, a  large am ount of tri- 
bromophenol will be thrown down as a  precipitate, which has a 
tendency to  adsorb the iodine subsequently formed in  the solu­
tion and thus to give low results. A small am ount of the pre­
cipitate does no harm , b u t preferably there should be very  little. 
On the o ther hand, too small an  excess of bromine, as indicated 
by only a  fain t yellow color in the solution, affords low results.

E ym ann (4) says th a t excess phenol causes low results. The 
authors cannot confirm th is statem ent. I t  seems probable that 
he a ttrib u ted  the action of tribrom ophenol precip itate to  phenol 
itself. Skirrow (14) has pointed ou t th a t halogenated phenols 
tend to adsorb iodine, thereby giving rise to low results in such a 
titration .

In  th is reaction one hydrocyanic acid molecule is equivalent 
to two atom s of iodine, whereas in the titra tion  of thiocyanate 
w ith silver and ferric alum  the relation is 1 to  1 and in the titra­
tion of sodium cyanide w ith silver in alkaline solution, the ratio 
is 1 to  0.5. These ratios greatly  favor the cyanogen bromide 
method, especially where .low concentrations of cyanides exist 
in the sample.

In  sampling, especially where the gas is w ater-saturated or 
contains ammonia, i t  is very  im portan t th a t  the scrubbers be 
attached  as close to the gas m ain as possible, for a  very small 
am ount of w ater condensate in  the sampling line will remove an 
appreciable am ount of hydrocyanic acid, especially in the 
presence of much ammonia.

Bromine converts bo th  hydrocyanic acid and thiocyanic acid 
to cyanogen bromide. Cyanic acid is no t converted to  cyanogen 
bromide. Fe'rrocyanide is no t converted to cyanogen bromide 
bu t is oxidized to ferricyanide, which in tu rn  releases iodine, giv­
ing high results for hydrocyanic acid and thiocyanic acid present. 
This effect is elim inated if zinc sulfate is added in  excess before 
the bromine. H eavy m etal salts capable of oxidizing hydriodic 
acid m ust be rem oved as they will interfere w ith the analysis. 
These findings are im portan t in analyzing miscellaneous solutions, 
b u t only the first two factors are likely to  be of significance in gas 
analysis.
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Photometric Determination of Phosphorus in Limestone
J. A .  B R A B S O N , J. H . K A R C H M E R 1, a n d  M . S. K A T Z 2, Tennessee V a lle y  A u th o rity , W ilson Dam, A la .

A photometric method is described for the determination of phos­
phorus in limestone when present in amounts ranging from 0.002 
to 0 .4%  P2O s. The sample is ignited to  destroy organic matter, 
silica is removed by  dehydration with perchloric acid, and phos­
phorus is determined in the filtrate by  the phosphovanadomolybdate 
method. W hen applied to N ational Bureau of Standards samples 
of argillaceous limestone 1 and 1-a, containing 0.18 and 0 .1 4%  
PjOs, respectively, results w ithin 0 .0 1 %  o f the Bureau o f Standards 
values were found. The effect o f interfering elements and the use 
of a filter photometer are discussed.

THE accurate and  rap id  determ ination of phosphorus con­
ten t of limestone used in  th e  process is an  im portan t factor 

in carbide m anufacture. Since th e  limestone usually contains 
0.00 to 0.04%  of phosphorus, great care m ust be exercised w ith 
gravimetric and  volum etric m ethods of analysis if a  high degree of 
accuracy and reproducibility is to  be obtained. These m ethods 
are, however, too tedious and time-consuming for use in  routine 
lontrol.

M urray and  Ashley (6) and  K itson and M ellon (2) used the 
lolorimetric m ethod suggested by M ission (5) to  determ ine phos­
phorus in steel by converting th e  phosphorus to  the yellow phos­
phovanadomolybdate complex. W illard and C enter (I, 7) im- 
iroved this colorimetric procedure by using perchloric acid 
nstead of nitric acid to  remove the silica, thus precluding 
ligh results from th e  form ation of silicomolybdic acid. Koenig 
md Johnson (S) adap ted  th e  la tte r  m ethod to  the determ ination 
>f phosphorus in p lants and  in  food m aterials.

The colorimetric determ ination of phosphorus as the phos- 
ihovanadomolybdate was found to  be rapid and  accurate when 
ipplied to th e  analysis of iron ores and p lan t ashes and  offered 
iromising possibilities for th e  analysis of limestones. I f  found 
ipplicable to  th is purpose, i t  was planned to  ad ap t the m ethod for 
ise with a rugged, inexpensive photom eter.

In this m ethod th e  sample is calcined to  destroy organic m atte r 
rhich, if no t completely rem oved, im parts a  slight color to  the 
esultant solution; the calcium oxide is dissolved in perchloric 
cicl and th e  resu ltan t solution is fum ed; and  the yellow color of 
mmonium phosphovanadom olybdate develops upon th e  ad- 
lition of am m onium  vanadate  and am m onium  m olybdate.

APPARATUS

A Beckman M odel D quartz spectrophotom eter fitted w ith 
latched rectangular cells 1 cm. square.
Fisher AC E lectrophotom eter fitted w ith 425-m/u blue filter and 

3-ml. cylindrical absorption cells.

PRELIM INARY IN VESTIG ATIO N

Optim um  con d itio n s for th e  form ation  o f th e  y e llo w  phos-  
hovanadom olybdate color h a v e  been  in v estig a ted , an d  th e  
mounts an d  com p osition  o f  th e  n ecessary  reagen ts n a v e  been

1 Present address, Humble Oil Co., Goose Creek, Texas.
1 Present address, University of Chicago, Chicago, 111.

established (S, 3, 6, 7). Tem perature was no t regarded as 
critical so long as the color was formed a t  room tem perature— 
th a t is, 20° to  30° C. (3 , 6). D ifferent investigators found vari­
ous periods necessary for the developm ent of the color. W illard 
and Center (7) sta ted  th a t 4 m inutes was sufficient, while others 
m entioned periods ranging up to  30 m inutes (3, 6). M urray and 
Ashley (<?) quoted Mission (5) as stating  th a t after the color was 
developed it  was stable for 14 days; whereas Koenig and John­
son (3) found slightly lower transm ittance after 12 to  24 hours. 
Willard and Center (7) found th a t less than  13 ml. of perchloric 
acid per 100 ml. allowed the formation of a precipitate upon the 
addition of amm onium m olybdate and th a t more th an  13 ml. 
retarded full developm ent of the color. W illard and C enter (7) 
also investigated the effect of iron and found th a t  a 30-nm 
spectral band centered a t  450 m y  obviated interference from 
ferric perchlorate.

Since it  was desired to  use a  filter-type monochrom ator for 
photom etric m easurem ents, i t  was necessary to  establish the 
relationship between the absorption characteristics of th e  filter, 
the  possible iron salts present, and th e  ammonium phospho­
vanadom olybdate.

The absorption spectrum  of the  filter was determ ined and 
transm ittance curves were m ade for solutions of ferric n itra te  
and ferric perchlorate, both  of which m ay be considered present 
when the  reagents specified (7) are used. Solutions were pre­
pared by adding 100 mg. of Fe20 5 as the corresponding salt to  
solutions containing 5 ml. of n itric acid and 17 ml. of perchloric 
acid and diluting each to 100 ml. A transm ittance curve also 
was determ ined for a solution of ammonium phosphovanado­
m olybdate containing 0.1 mg. of phosphorus, prepared in the 
same m anner as were solutions used for the calibration curve.

From  da ta  p lo tted  in Figure 1 it  can be seen th a t, although the 
absorption peak of th e  amm onium phosphovanadom olybdate is 
probably below 320 m y  considerable absorption occurs in th e  
spectral region covered by the blue filter. Figure 1 also shows 
th a t ferric perchlorate, even when present in  as high an  am ount 
as 100 mg. of FèjOj, absorbs only slightly in th is region and th a t

ferric n itra te  exhibits 
m o r e  i n t e r f e r e n c e .  
For this reason, it  was 
decided to  use per­
chloric acid instead of 
nitric acid in the prep­
aration  of the ammo­
n i u m  v a n a d a t e  r e ­
agent. In  the absence 
of n itrates i t  appeared 
th a t  only m inor diffi­
culty would be experi­
enced when working 
w ith solutions contain­
ing appreciable quan ti­
ties of iron.

REAGENTS

A m m o n iu m  V a n a ­
d a t e  S o lu t io n .  D is­
solve 2.35 gram s of 
ammonium m etavana- 
date  in approxim ately 
400 ml. of ho t w ater; 
add 14 ml. of 72%  per­
chloric acid, cool, and 
dilute to  1 liter.

Figure 1. Transmittance Curves
A.  Fisher 425 blue filter
B.  Ammonium phosphovanadomolyb­

date, 0.1 mg. o f phosphorus in 
100 ml. o f solution

C. Ferric nitrate, 100 mg. o f FesOi
plus 5-ml. excels of nitric acid in 
100 ml. of solution

D.  Ferric perchlorate, 100 mg. of FesOs
plus 17-ml. excess of perchloric 
acid In 100 ml. o l solution
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Table I. Effect o f Excess Perchloric A c id  upon Phosphovanado 
m olybdate Color

.— ■----------------------- P e r C en t T ran sm itta n c e ---------------------------
H C10., IIC10., HC10»,

13-MI. Excess 15-MI. Excess 17-MI. Excess
Phosphorus, A fter A fter A fter A fter A fter A fter

M g. 30 m ini 18 hours 30 m in. 18 hours 30 min. IS  hours
0 .0 9 4 .5 9 4 .5 9 4 .0 9 4 .0 9 4 .5 9 4 .5
0 .2 7 2 .8 72 .4 72 .9 72 .3 7 3 .0 7 2 .6
0 .4 58.2 57 .7 58 .5 5 7 .8 5 9 .0 58 .6
0 .6 48 .0 4 8 .0 48 .6 4 8 .5 4 9 .2 4 8 .8

A m m o n iu m  M o l y b d a t e  S o l u t i o n . Dissolve 100 g r a r m  of 
molybdic acid (85%) in a  m ixture of 300 ml. of w ater and 80 ml. 
of amm onium hydroxide. W hen dissolved, filter and boil filtrate 
20 m inutes; cool and dilute to  1 liter.

S t a n d a r d  P h o s p h o r u s  S o l u t i o n . Weigh ou t an am ount of 
amm onium monohydrogen phosphate, the phosphorus content 
of which has been determ ined gravim etrically, equivalent to  
0.1000 gram  of phosphorus; dissolve in w ater and dilute to  1 liter. 
1 ml. o  0.1 mg. of phosphorus. (Theoretical am ount of am ­
monium phosphate required, 0.4263 gram .)

FACTORS AFFECTING CO LO R  DEVELOPM ENT

A c id  C o n c e n t r a t io n . Using procedures sim ilar to  those 
recommended by W illard and C enter (7), the effect of excess 
perchloric acid was investigated (Table I).

Table I  shows th a t  although greater excesses of perchloric 
acid do no t allow the form ation of as intense a color as does the 
13-ml. excess, the color progression is insignificant a fte r solutions 
have stood for 30 m inutes. A 17-ml. excess of perchloric acid 
was chosen because the larger excess aided in  the rapid  de­
hydration  of silica whenever large sam ples were necessary.

E f f e c t s  o f  I r o n  a n d  C a l c i u m . Iron  in  the  concentration 
usually encountered in limestone causes little  interference. 
Calcium salts have no effect on color developm ent.

PROCEDURE

C a l ib r a t io n  C u r v e . T ransfer aliquots of the standard  
phosphorus solution to 100-ml. volum etric flasks containing 
17 ml. of 72%  perchloric acid. Add 10 ml. of am m onium  van ­
ada te  solution, dilute to  75 ml., and  cool to  about 25° C. Add 
7.5 ml. of amm onium m olybdate solution, swirling the contents 
of the flask meanwhile to  prevent precipitation. D ilute to  the 
m ark, mix thoroughly, and allow to  stand  for 30 m inutes. D e­
term ine the percentage transm ittance using a  Fisher Electro­
photom eter w ith a  425-m,u blue filter. P lo t the results on semi- 
log paper.

A n a l y t ic a l  M e t h o d . Ignite a  sample of limestone (depend­
ing upon the phosphorus content) in a  porcelain crucible for 30 
m inutes a t  900° C. If a  large am ount of organic m a tte r is
present, ignite the sam ple for 15 m inutes a t  500° C. before ig­
niting a t  the higher tem perature. T ransfer the ignited residue 
to a  150-ml. beaker, add 20 ml. of water, and  dissolve the calcium 
hydroxide w ith 72%  perchloric acid, in the following proportions:

0 .5  g ram : 18 ml, 2 .0  g ram s:20 ml.
1 .0  g ram : 19 ml. 5 .0  g ra m s :25 ml.

E vaporate  on a ho t plate  until fumes of perchloric acid are 
evolved; cover w ith a  w atch glass and continue the fuming for 
5 m inutes to  dehydrate the silica. Cool to  below 100° C., and 
add 10 ml. of am m onium  vanadate  solution. Rinse the w atch 
glass and  sides of the beaker w ith a je t of w ater, lim iting the 
washings to  15 ml. Mix the solution, cool to  room tem perature 
and filter through a W hatm an 41-H paper into a  100-ml. volu­
m etric flask. W ash the beaker and  paper three times, restricting 
the volume to  less than  90 ml. Cool th e  solution to  about 
25° C., while keeping th e  solution continuously ag ita ted  by shak­
ing; add 7.5 ml. of amm onium m olybdate solution and dilute to 
the m ark. M ix the contents of th e  flask thoroughly and allow 
to  stand  30 m inutes. D eterm ine the percentage transm ittance, 
using a Fisher electrophotom eter w ith a 425-m/j glass filter. 
C alculate the percentage phosphorus from th e  num ber of milli­
grams of phosphorus found on the calibration curve.

APPLIC ATIO N  TO  STA N D A R D  SAMPLES

Samples of B ureau of S tandards argillaceous lim estone and 
dolom ite were analyzed by  the  photom etric m ethod. The

values obtained by th e  B ureau of S tandards, the  m ean of values 
by cooperating analysts, and the values by the photometric 
procedure arc given in T able II . Up to  th is tim e the term 
"phosphorus” has been used, since it  is custom ary to report the 
P2O5 present in limestone used for carbide m anufacture in  terms 
of the elem ent. The B ureau of S tandards certificates of analy­
sis are on th e  P 2O6 basis; therefore results on these samples 
are reported as th e  pentoxide.

PRECISION A N D  ACCURACY

P r e c i s i o n . The results reported  in Table I I  are given as 
the nearest hundred th  per cent P5Os. In  Tabic I I I ,  the  original 
values are given to show the precision of the m ethod.

From  the results in T able I I I  the average deviation from 
the m ean was found to  be 0.0037% P»06. The probable error 
of a  single determ ination using the m ethod of least squares (4) 
was found to  be 0.0028%  P20 5.

A c c u r a c y . A comparison of the results in T able I I  shows 
that- the results by  the photom etric m ethod are w ithin 0.01% 
P 2O5 of the values reported by the B ureau of S tandards when 
applied to samples containing 0.14 and 0.1S% P 20 5. A max­
im um deviation of 0.001%  P 20 5 from th e  B ureau of Standards 
value was obtained 0 11 a  sample of dolom ite reported  to  contain
0.002%  of P 2Os.

I N E E R I N G  C H E M I S T R Y  Vol. 16, No. 9

Table II. Ana lys is  o f Bureau of Standards Samples
B ureay  of A verage of Deviation
S tandards C ooperating P hotom etric from

Sam ple Value PîO» A nalysts P 2Û6 P 20 5 Standard

Argillaceous lim e­ vi%  = % % %

stone, No. 1 0 .18 0 .1 8 a 0.19* +  0.01
Argillaceous lim e­

stone, No. 1-a 0 .1 4 0 .1 5 e 0.14<* 0 .00
D olom ite, No. 88 0.002 0 .003  e 0 .0 0 2 / 0.000

° A verage of tw o values of 0.18 and  0.18.
& A verage of th ree  values ranging  from  0.18 to 0.19. 
c A verage of ten  values rang ing  from  0.108 to  0.18. 
d A verage of seven values, all 0.14. 
e A verage of tw o values of 0.002 and  0.004.
/  A verage of seven values ranging  from  0.002 to  0.003.

Tabic III. Precision o f M ethod
D eviation  

PsOs F o u n d , from  M ean.
% %

Sam ple 1-a 0 .135  —0 .0 0 5
0 .143  + 0 .0 0 3
0 .137  - 0 .0 0 3
0 .1 4 2  + 0 .0 0 2
0.144  + 0 .0 0 4
0 .1 3 5  - 0 .0 0 5
0 .1 4 4  + 0 .0 0 4

Av. 0 .1 4 0

S U M M A R Y

A p h o to m etr ic  m eth o d  is d escrib ed  for th e  determ in ation  of 
p h osp h oru s (0.002 to  0.4%  P 20 6) in  lim e sto n e . T h e  m ethod is 
based  u p on  th e  p h o sp h o v a n n d o m o ly b d a te  color reaction , and 
m a y  b e u sed  w ith  a sim p le  filter p h o to m eter . C a lc iu m  and iron 
sa lts , in  th e  q u a n tit ie s  en co u n tered  in  lim e sto n e , cause no 
in terferen ce, an d  th e  organ ic  m a tte r  is  d estro y ed  b y  a  prior 
ca lc in a tio n .

R e su lts  o b ta in ed  b y  th e  m eth o d  h a v e  a n  a ccu ra cy  an d  repro­
d u c ib ility  a d eq u a te  for th e  e v a lu a t io n  o f lim e sto n e  used for 
carb ide m anu fa ctu re . T h e  proced u re e ffe cts  a  g rea t sav ing  of 
t im e  an d  reagen ts.
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Determination o f Tin by a M o d ifie d  lodom etric M e th o d
TH O M A S  B. M cD O W , KENNETH D. FURBEE, a n d  FREDERICK B. CLARDY 

Chemical Laboratory, N o rfo lk  N avy Yard, Portsmouth, V a .

An accurate method for the determ ination o f tin is proposed which 
avoids the usual sources o f error encountered in precipitating tin as 
metastannic acid and those encountered in the reduction-oxidation 
procedure. The metal is dissolved in acid and, when necessary, 
collected w ith the use o f ammonia and aluminum hydrox ide , re­
duced with n icke l, and titrated with standard iod ine  solution under a 
blanket o f carbon d io x ide .

IT IS generally accepted th a t  the best m ethod for determ ining 
tin is based on the  reduction of the tin  to  its  b ivalent sta te  

with a  m etal, and  subsequent oxidation w ith a  standard  iodine 
solution. D etails of procedure vary  widely and m any difficulties 
are encountered th a t  seriously affect th e  usefulness of the method.

Sources of error encountered are:

1. Incom plete precipitation of m etastannic acid in making 
separations from copper

2. Loss of precip itated  m etastannic acid in filtering
3. Failure to  obtain  a  satisfactory titra tion  end point
4. Incom plete reduction of the m aterial
5. Failure to  p revent oxidation of stannous chloride by con­

tact w ith air of the reduced solution

It is necessary to  ensure the complete reduction of the tin  to 
the bivalent s ta te  and to  preven t its  reoxidation by air. The 
former is n o t difficult and  can be accomplished by the use of 
several m etals. “Success in the  la tte r  depends on the m ainte­
nance of a  nonoxidizing atm osphere during the entire operation, 
ind is possible th rough  th e  use of such expedients as th e  Bunsen 
valve or th e  use of a  few gram s of sodium carbonate” (2). The 
precipitation of tin  by th e  usual n itric  acid procedure is known 
to be incom plete a t  tim es (4) because m etastannic acid often 
'ails to  coagulate sufficiently to  be completely retained upon fil­
iation. B y th e  proposed m ethod, precipitation is complete 
ivithout filtration  loss.

A series of determ inations was m ade in order to  select a  metal 
o be employed as th e  reducing agent. T he m etals used were:

Figure 1. Apparatus

iron (3), lead (4), antim ony (d), and nickel (1). All these m etals 
are capable of effecting th e  reduction of tin  to  the  b ivalen t sta te . 
Nickel, alone, gave a  very sharp end point. I t  is unnecessary to  
remove th e  undissolved nickel, thus elim inating from th e  analy ­
sis a step  which is a troublesom e source of error.

N o claim to  originality is m ade as regards th e  individual 
details of th e  procedure finally adopted. However, because the 
procedure outlined differs in some detail from any of those pub­
lished and th e  results obtained are precise and accurate, it  is be­
lieved th a t  th e  following m ethod is to  be preferred.

REAGENTS REQUIRED

S t a n d a r d  T i n  S o l u t i o n . Dissolve 5 grams of pure tin  in 
100 ml. of concentrated hydrochloric acid and dilute to  1 lite r in a 
volum etric flask.

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 
grams of iodine in abou t 100 ml. of distilled w ater containing 20 
gram s of potassium  iodide. D ilu te to  1 lite r in a  volum etric 
flask and  standardize against the standard  tin  solution after 
reduction of 25 ml. of th e  tin  solution by the  m ethod given below.

S t a r c h  S o l u t i o n . Add a th in  paste m ade of 5 gram s of 
soluble starch, 10 gram s of sodium bicarbonate, and w ater to  
about 300 ml. of boiling w ater. Boil for 1 m inute w ith stirring. 
Cool rapidly and dilute to  1 liter.

P u r e  N i c k e l  (shot or strip ).

PREPARATION O F SAMPLES FOR REDUCTION

B r a s s , B r o n z e , a n d  C o p p e r  B e a r i n g  M a t e r ia l s  (over 2%  
copper). W eigh 1 to  10 gram s of m aterial to  give a tin  content 
between 0.1 and 0.2 gram  into 300-ml. Erlenm eyer flasks, add 
10 to  30 ml. of nitric  acid (1 to  1), and  hea t gently un til th e  m ate­
rial is completely disintegrated. Boil until oxides of nitrogen are 
expelled, d ilu te to  abou t 100 ml. w ith w ater, and add  3 to  5 
ml. of 10% alum inum  n itra te  solution. Add am m onium  hydrox­
ide to  the blue copper complex color, th en  10 ml. in excess. H ea t 
to  boiling and filter through hard  paper (W hatm an No. 42 or 
com parable). W ash tw ice w ith 5%  am m onium  n itra te  solution. 
Place the filter paper containing th e  precip itate in the  original 
flask. Add 10 ml. of concentrated sulfuric aeid, 5 ml. of concen­
tra ted  perchloric acid, and  a  few drops of concentrated nitric 
acid. H ea t gently, adding nitric  acid dropwise as required to  
prevent darkening of the solution. E vaporate  to  sulfur trioxide 
fumes. Cool first in  air, then  in  w ater, and proceed as directed 
below.

S o l d e r  B e a r in g  M e t a l ,  etc. (less than  2 %  copper). Weigh 
the sample to  contain between 0.1 and  0 .2  gram  of tin  into 300-ml. 
Erlenm eyer flask. Add 10 ml. of concentrated sulfuric acid 
and abou t 5 gram s of potassium  sulfate, and heat until th e  m ate­
rial is completely dissolved or until lead sulfate, if present, tu rn s 
white. Cool first in  air, then  in  w ater, and proceed as directed 
below.

M ETH O D

Carefully dilute w ith  w ater to  abou t 100 ml., add  75 ml. of 
concentrated hydrochloric acid and 10 gram s of nickel sho t (10- 
mesh), and  connect flask w ith  a  tube, one end of which extends 
below the  surface of th e  beaker of w ater. Boil gently for 30 
m inutes, transferring  th e  end of th e  ou tle t tu b e  to  a beaker of 
sodium bicarbonate solution (10% ) several m inutes before th e  
end of th e  period.

Keeping the end of the tube  below th e  surface of th e  sodium 
bicarbonate solution (Figure 1), place th e  flask in a  suitable con­
tainer of cold w ater. Allow to stand  until cold. R em ove th e  
rubber stopper and, as rapid ly  as possible, introduce a  small piece 
of d ry  ice (solid carbon dioxide). T hen add more dry  ice in  suf­
ficient qu an tity  to  keep the solution very  cold (below 10° C .) 
and  blanketed w ith  carbon dioxide gas. (If solid carbon di­
oxide is no t available, pellets of sodium bicarbonate m ay be sub­
stitu ted  and  will give satisfactory results if th e  solution is cooled 
by th e  use of ice.) Add 5 ml. of s tarch  solution and ti tra te  a t  
once against th e  standardized iodine solution to  a  perm anent b lue 
end point. C alculate th e  percentage of tin  in the sample.
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Table I. Determ ination of Tin“

B ureau  of T in T in
S tan d ard s  No. M ateria l P resen t Found D eviation

% % %
62 M anganèse bronze 0 .8 2 0.82 0 .0 0
37 Sheet brass 1.013 1.012 0.001
53 L ead-base m étal 10.91 10.91 0 .0 0

127 Solder 34 .88 34 .87 0.01
52 C ast bronze 7 .9 0 7 .9 0 0 .0 0
63 P hosphor bronze 9:91 9 .91 0 .0 0
54a T in-base m étal 88 .61 88 .61 0 .0 0

“ Figures rep resen t average of six d e term ina tions  of each sam ple.

DESCRIPTION O F APPARATUS

T he appara tu s consists of Erlenm cyer flasks (300-ml.), stop­
pered w ith  one-hole rubber stoppers. These are provided w ith 
ben t glass and  rubber tubing th a t  extends to  the bottom  of th e  
beakers containing, as they  are used, w ater and bicarbonate of 
soda. T he flask rests upon an  electric heater th a t  has a regulator 
to  perm it high, "medium, or low heat ad justm ent. A ring stand ,

th e  base of w hich fits snugly under th e  heater, is provided with 
cross supports for the ben t glass tubing. A t th e  sides of the 
heater are two 80-ml. beakers pa rtly  filled w ith  ice and  w ater to 
facilitate rap id  cooling.

T able I shows results obtained on N ational B ureau of Stand­
ard samples of varying tin  content.
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Purification o f Solvents for A b so rp tio n  Spectroscopy

A n  A d so rp tio n  M e th od

M O R R IS  M . G R A F F , ROBERT T. O 'C O N N O R , a n d  E V A L D  L. S K A U  

Southern Regional Research Laboratory, N ew  Orleans, La.

A  sim ple, rapid method for removing ultraviolet-absorbing im puri­
ties from hydrocarbon solvents b y  selective adsorption on silica gel 
columns Is described. Solvents suitable for use in absorption spec­
trum measurements have been prepared by  this method from com­
mercial samples of cyclohexane, n-heptane, iso-octane, Skellysolve- 
B, and Skellysolve-F. In general, hydrocarbon solvents, both 
synthetic and commercial, which have been subjected to  exhaustive 
chemical and physical purification have been noticeably improved 
b y  this adsorptive treatment. The advantages o f the adsorption 
method over the usual methods are speed, s im plic ity  o f technique, 
and high y ie ld  o f purified solvent.

IN  R E C E N T  years the advantages of liquid hydrocarbons 
over polar liquids as u ltrav io let absorption solvents have 

gained recognition (1). T he need for the use of pure hydro­
carbons such as synthetic «-heptane, cyclohexane, and  iso­
octane instead of the commercially available petroleum  fractions, 
which are hydrocarbon m ixtures, has been dem onstrated in 
specific examples (2, 5, 11). In  this connection the purification 
of liquid hydrocarbons has been investigated.

T he present m ethods for th e  preparation  of hydrocarbons 
for use as solvents jn  absorption  spectroscopy (3, 8, 9 ,11 )  are as a 
rule long and  cumbersome and  result in  poor yields. U sually 
the final products still contain significant am ounts of im purities, 
probably arom atic and unsatu ra ted  compounds, w hich absorb 
radiations in the u ltraviolet region.

T he present paper describes a simple m ethod for direct purifi­
cation of commercial hydrocarbon solvents based on selective 
adsorption of the im purities by  m eans of a  suitable adsorbent. 
T he adsorption procedure was suggested b y  the work of M air, 
W hite, and  others (Ą, 7, 10) who, in connection w ith an investi­
gation of th e  composition of petroleum  distillates a t  the N ational 
B ureau of S tandards, showed th a t arom atic hydrocarbons can 
be separated  from naphthenic and  paraffin hydrocarbons by ad­
sorption  on silica gel.

T he results which the au thors obtained dem onstrated the 
effectiveness of silica gel for purifying no t only synthetic n- 
heptane, cyclohexane, and iso-octane for absorption spectroscopy, 
b u t also petroleum  ether fractions (Skellysolves), if desired. In 
general, both  synthetic and commercial hydrocarbons, even 
a fter they have been subjected to  exhaustive chemical and 
physical purification, have been noticeably im proved in ultra­
violet transparency by adsorptive treatm ent.

A PPAR ATU S A N D  PROCEDURE

T he adsorption apparatus used consists of a glass tube, 120 cm. 
in  length and 38 to  40 mm . in diam eter, constricted a t  the lower 
end. A small plug of glass wool is placed on a  perforated porce­
lain disk a t  the constricted end of the column and about 400 
gram s of silica gel, Davco 659528-2000 (m anufactured by the 
Davison Chemical Corporation, Baltim ore, M d.), are introduced 
w ith the aid of a  powder funnel in batches of abou t 100 grams. 
T he tube is tapped occasionally to ensure good settling of the 
adsorbent. A nother plug of glass wool is placed on top of the 
column to p revent agitation  of the adsorbent by the pouring of 
the solvent to be purified.

T he solvent is added to the column from a  2-liter separatory 
funnel, care being taken no t to  allow the top of the column to 
run  dry  before all the solvent has been added. T he solvent is 
allowed to percolate through the column and the percolate is 
collected in the same m anner as the successive fractions of a dis­
tillation. The first fraction is in all cases the purest sample; 
successive fractions are acceptable until the adsorbent has become 
sa tu ra ted  w ith respect to  the im purities. A test spectrogram is 
m ade to  ascertain the ex ten t of purification in the successive per­
colates. Usually a  single passage of th e  liquid through the 
column suffices to  produce a  satisfactory ultraviolet-transmitting 
solvent, and a  yield of about 90 to 95%  of the original liquid is 
obtained. A simple distillation m ay be used to remove any ad­
sorbent.

Various experim ents were performed to  determ ine the maxi­
m um  am ount of liquid which could be purified w ith a  given 
q u an tity  of silica gel and  o ther adsorbents. However, this 
value was found to vary  according to the  ac tiv ity  of the particular 
adsorbent, and even m ore widely w ith the am ount of impurities 
to  be rem oved from different solvents or the sam e type of solvent
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Figure 1. Comparative Spectrograms of Hydrocarbons 
Upper portion, before purification; lower portion, after purification

1. Water, doubly distilled 4. Skellyiolve-B
S. Iso-octane 5. n-Heptane
3. Skellysolve-F 6, Cyclohexane

7. Water, double distilled

Table I. O p tica l Density o f Hydrocarbons before and after 
Purification by  Silica G e l A d so rp tio n  M e th o d  (4-Cm. Cell)

H ydrocarbon
Purifi­
cation 2 3 0 0  A.

W ave L eng th  
2 4 0 0  A. 2 5 0 0  A. 2 6 0 0  A. 2 7 0 0  A,

Cyclohexane, Al­ Before CO 0 CO CO CO CO
lied C hem ical & A fter 0 .1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
Dye Corp. 

Cyclohexane, Dow Before CO CO CO CO 0 . 4 9
Chemical Co. A fter 0 . 2 4 0 .01 0 .0 0 0 .0 0 0 .0 0

Cyclohexane, D u Before 00 CO 00 CD CO
Pont Co. A fter 0 .1 2 0 .0 0 0 .0 0 0 .0 0 0 .00

Cyclohexane, E a s t­ Before CO CO CO
man K odak  Co. A fter 0 . 5 2 0 .1 0 0 .0 0 o ioo o!óo

Heptane P rac tica l, 
E astm an  K odak

Before CO 0 . 6 1 0 . 8 4 0 . 7 2 0 . 5 0
A fter 0 .1 1 0 . 0 8 0 . 0 0 0 . 0 5 0 .00

Co.
Iao-octane&, E a s t­ Before CO 00 1 .3 4 0 . 1 3 0 . 1 6

man K odak Co. A fter 0 . 0 5 0 .0 2 0 .0 0 0 . 0 6 0 .0 0
l3o*octanec, R ohm Before 0 . 2 9 0 . 0 8 0 .1 0 0 .1 7 0 . 2 8

& H aas A fter 0 .0 0 0 .0 0 0 . 0 0 0 .0 0 0 . 1 6
Skellysolve-B^, Before CO CO CO CO 00

Skelly Oil Co. A fter 0 . 0 7 0 . 0 6 0 . 0 6 0 .0 2 0 .0 0
Skellysolve-F®, 

Skelly Oil Co.
Before 0 . 3 0 0 . 9 8 1 .0 5 0 . 9 8 0 .0 5
A fter 0 .0 0 0 .0 0 0 .0 0 0 . 0 4 0 .0 0

® w represents insufficient transm ission  th ro u g h  4-cm. lay e r to  blacken 
photographic p la te .

1 2 ,2 ,4 -T rim ethy lpen tane, b .p . 98 -99° C.
c 2 ,2 ,4 -T rim ethy lpen tane, B ureau  of S tandards  certified grade.
4 Petro leum  ether, b .p . 60-71° C. (A .S .T .M .).
* Petro leum  ether, b .p . 30-60° C. (A .S .T .M .).

sorbing column. I t  illustrates the effectiveness w ith which the 
ultraviolet-absorbing im purities are removed from various 
hydrocarbons.

T he spectrogram s were obtained by use of a Bausch & Lomb 
medium quartz spectrograph and a  H ilger Spekker photom eter. 
The absorption cell which usually contains the solvent was 
filled w ith th e  hydrocarbon as obtained commercially, and the 
cell which usually contains the solution was filled w ith the liquid 
obtained from a  single passage through the silica gel. The 
photom eter drum  was set to provide equal apertures and conse­
quently  to perm it equal am ounts of light to strike each cell. 
T he source of radiation  was a high-voltage alternating  current 
arc, using T herapeutic Carbon “ B” rods, which provides a 
m any-lined spectrum  of iron superimposed 0 11 a  continuous back­
ground of tem perature  radiation  from the ca rb o n '(6). A cor­
responding quan tita tive  representation of the im provem ent 
observed in the transm itting  properties of these liquids through­
out the spectral region 2300 to  2700 A. is shown in T able I .  
The optical densities were obtained from m easurem ents m ade with 
a Leeds & N orth rup  recording densitom eter of spectrogram s ob­
tained by photographing each liquid, before and a fter purification, 
in 4-cm. cells, each against a m atched em pty  cell representing 
100% transmission.

rom different commercial sources. Experience has shown th a t 
100 gram s of silica gel will purify  1 to  1.5 liters of cyclohexane, 
! liters of n-heptane, a t  least 4 liters of iso-octane, 0.5 to 1 liter 
>f Skellysolve-B, and  2 to  2.5 liters of Skellysolve-F.

Other adsorbents such as alum ina, magnesium oxide, various 
tctive clays, and carbons were tried. Effective im provem ent of 
he solvent was accomplished by  the use of decolorizing carbons 
Norit and Darco, E astm an), and activated  charcoal, U.S.P. 
Merck).
Activated silica gel of the type described is an efficient and 

eadily available adsorbent; i t  was chosen especially because 
olumns of th is m aterial are easily prepared and allow the solvent 
0 pass through rapidly. T his adsorbent can be readily re- 
ctivated for m ost purposes by washing thoroughly w ith w ater 
nd heating in  a stream  of a ir a t  325° C. for 24 hours (4).

A ttem pts were m ade to purify the hydrocarbons by  adding the 
dsorbent directly  to the solvent to form a slurry, and subse- 
uently rem oving th e  adsorbent by filtration. T he concentra- 
on of arom atics, as shown by  spectrogram s, was noticeably de­
ceased. However, continuation of the slurry  procedure showed 
rat complete removal of the ultraviolet-absorbing im purities 
>uld be achieved, if a t  all, only a fter preparing a  large num ber 
f such slurries w ith recharges of fresh adsorbent, thus requiring 
high ratio  of adsorbent to  solvent purified.
Figure 1 shows absorption spectra of a series of different hydro- 
irbons before and  after a single passage through a silica gel ad­
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Sulfu ric A c id  Extraction in H y d r ocarbon Type Analysis
C. C. A L L E N  A N D  H . W . D U C K W A L L  »

Anderson-Prichard Research Laboratory, C yril, O k la .

The extrapolation method based on acid extraction is suggested as a 
means o f routine and contro l analysis o f paraffin-naphthene-aromatic 
or paraffin-naphthene-aromatie-olefin mixtures low  in olefin concen­
tration, bo iling  in the kerosene-to-gas-oil range. The procedure de­
scribed is suitable for hydrocarbon mixtures containing 2 0 %  or less 
o f aromatics and olefins. W here applicable, the extrapolation 
method gives a d irect measure o f saturate content and properties. 
This is sufficient, in conjunction with a molecular weight determina­
tion , to  establish the paraffin-naphthene ratio. A t  the same time a 
measure o f olefin plus aromatic content is obtained and approxim a­
tions as to the character o f the unsaturates (olefins and aromatics) can 
be made.

TY P E  analysis of hydrocarbons boiling above th e  gasoline 
range has recently assum ed considerable im portance, in keep­

ing w ith th e  developm ent of new petroleum  cracking processes 
and high-solvency petroleum  solvents {10). T his paper suggests 
sulfuric acid extraction for routine type  analysis of m edium boij; 
ing range hydrocarbon solvents, refinery cracking charge stocks, 
and  th e  like, which contain sm all to  m oderate proportions of a ro ­
m atics and  olefins, n o t exceeding 20%  of th e  sample.

A comprehensive m ethod of type  analysis based on combustion 
for hydrogen content is available from th e  work of D eanesly and 
C arleton (3, 4). Organic combustion for hydrogen, however, is 
ra ther tedious for a  refinery laboratory  and there  would appear, to  
be considerable incentive to  avoiding th is step  if possible w ithout 
too great a  sacrifice of accuracy {12). W ith  th e  object of substi­
tu ting  some sim pler procedure for routine exam inations, th e  well- 
known use of sulfuric acid as an extracting  agent has been con­
sidered in  th is laboratory.

Sulfuric acid extraction has been advocated from tim e to  tim e 
by a num ber of investigators {6, 7, 9 ,1 1 ,1 5 )  as a  means of sepa­
rating  unsatu ra ted  from sa tu ra ted  hydrocarbons in ty p e  analysis 
of m ixtures. Use of the  acid as an  analy tical tool has been ob­
jected to  {6, 13), however, on the  generally valid grounds of in­
accuracy due to  incom plete rem oval of unsaturates, solubility of 
sa tu ra tes in  th e  acid extract, or chemical a tta c k  by th e  acid {18).

A stepwise extraction procedure and  graphical in terpre tation  
of the  extraction d a ta  have been investigated by Fisher and Eisner 
{6) for hydrocarbon type analysis. In  Fisher and  E isner’s 
m ethod, acid ranging in  concentration from 75 to  98%  by  weight 
was employed in  a series of abou t ten  successive trea tm en ts, a t  a 
constan t ra tio  of 3 volumes of acid to  1 volume of oil. G raphs 
relating the physical constants and  volum e of unsulfonated oil 
were obtained which showed density  and refractive index m axim a 
in th e  earlier extraction stages, followed by  progressive decreases 
to  approxim ately constant values in  th e  la te r stages. T he m ax­
im a were in terpre ted  as corresponding to  complete olefin rem oval 
and  incipient arom atic extraction, and  th e  approxim ately con­
s ta n t la te r values of density  and  refractive index were in terpreted  
as representing complete arom atic extraction  and  incipient re­
m oval of saturates.

E arlier xyork indicated th a t  a tw o- or three-step extraction pro­
cedure, utilizing strong acid and  varying the volum e of acid, 
m ight yield linear volum e-physical constant d a ta  and thereby 
simplify analysis.

In  th e  experim ents described below, i t  was found th a t  acid suf­
ficiently strong to  rem ove arom atic compounds completely from 
a  kersoene cu t also reacted w ith the  sa tu ra tes present. N everthe­
less, the action of the acid on th e  sa tu ra tes could be allowed for by

using several different ratios of acid to  oil and extrapolating to a 
hypothetical zero acid to  oil ratio .

PRINCIPLE O F TYPE A N A LY S IS  BY SULFURIC AC ID

. The principle underlying th e  use of sulfuric acid in  type analy­
sis {15) is th e  determ ination of a  sufficient num ber of physical 
properties of a  m ixture before and  after reaction w ith  th e  acid to 
furnish calculation of the proxim ate composition, by appropriate 
com bination of the data .

Com plete struc tu ra l type  analysis of hydrocarbon mixtures 
involves complex ram ifications (3) which arc beyond th e  scope of 
absorption or extraction methods. F o r the purposes of routine 
analysis, however, any procedure which will give the per cent of 
paraffins plus naphthenes, th e  paraffin-naphthene ratio , the per­
cent of olefins plus arom atics, and  an  independent determination 
of olefins, m ay be considered as yielding a type  analysis.

Specifically, if accurate values of th e  per cent of sa tu ra tes pres­
en t and density  and refractive index of th e  sa tu ra te s  can be ob­
tained by  th e  use of acid on a  hydrocarbon m ixture, then  com­
bined w ith molecular w eight determ ination and brom ine number 
determ ination on th e  original m ixture, th e  composition can be ex­
pressed {16) in term s of per cent of paraffins, olefins, napthenes, 
and  arom atics by established m ethods of in terpre ting  specific 
refractiv ity  {3, 5 ,10 )  and brom ine num ber {5,15).

T he prim ary  object of the experim ental work reported here has 
been to  ascertain  if th e  necessary d a ta  on volum e per cent, den­
sity, and refractive index of the sa tu ra te s  present can be obtained 
by sulfuric acid extraction  w ith sufficient accuracy, using acid 
strong enough to  react completely w ith th e  olefins and aromatics. 
A secondary object has been to  observe th e  effect of acid extrac­
tion on th e  aniline point, as a  knowledge of th is property  is fre­
quently  of value {8).

Table I. Properties of Saturated Hydrocarbons Solvent 160-S

G rav ity , ° A .P .I. 4 7 .5  D ensity , \  0.7S64
In itia l boiling po in t, ° F . 385 D ispersion (JV> — N c)  X

5%  393 104, 20° C. 77.4
10%  396 Specific d ispersion 98.4
50%  407 Aniline po in t, ° F . 168.3
90%  425 C arbon , %  85.2
95%  433 H ydrogen, %  14.8
D .P . 437 M olecular w eight 190

F lash  po in t, ° F ., T .C .C . 160 B rom ine No. 0 .0
R efractive  index, 1 .4368 N ap h th en ic  rings per

m olecule, ca lcu lated  0.54

M ATE R IA LS  A N D  APPAR ATU S

A fter a  num ber of prelim inary tests on known hydrocarbon 
m ixtures, 101% sulfuric acid— i.e., anhydrous sulfuric acid con­
tain ing 4.4 w eight %  of free sulfur trioxide—was selected as ex­
trac ting  agent.

A single sa tu ra ted  hydrocarbon fraction, a ligh t kerosene frac­
tion described in T able I, was employed in  all th e  tests._ Syn­
thetic  m ixtures (.refer to  T able I I )  were m ade up using this frac­
tion w ith  various olefins and arom atics. T he xylene used was 
B aker’s c.p. grade, dlisobutylene and cyclohcxane w e r e  Eastman 
purified m aterials, and  th e  arom atic am yl derivatives were 
sam ples obtained through th e  courtesy of Sharpies Chemicals, 
Inc. All these unsa tu ra ted  substances were used in  their state 
of pu rity  as received.

T he extractions were carried o u t in  g raduated  bo ttles similar to 
S toddard  solvent bottles {1), b u t specially m ade to  contain 10-nu. 
additional volume.

T he optical m easurem ents were m ade w ith  an  Abbe refractom-
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Table II.
Vol. %  
U n sa tu ­

ra te d  
C om ­

p o n en t

R affinate P roperties Original Solution P roperties Solute P roperties

Blend
No.

U n sa tu ra ted
C om ponen t

R a tio  by  
Volume 

A cid: Oil

A bsorp­
tion, 

Vol. %

R efrac­
tive  

index, ÿ

D en­
s ity ,

204
Aniline 

p o in t, °F .

R efrac­
tive

index, 20

D en­
s ity ,
204

Aniline 
p o in t, °F .

R cfrac- 
.tiv e  

index, 20
D ensity ,

20
4

0 N one 0.00 4 :1  
3 :1  
2 :1  

E x t. 0 :1

2 7 .5
2 0 .5
13.5 

- 0 . 5

1.4330
1.4340
1.4350
1.4368

0 .7743
0 .7772
0 .7803
0.786

174.5  
173.0
171.5
168.5

1 X ylene 2 0 .0 4 :1  
3 :1  
2 :1  

E x t. 0 :1

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

1.4328
1.4340
1.4345
1.4368

0 .7722
0 .7760
0 .7800
0 .7878

173.5  
172.0
170.5
167.5

1.4478 0.8033 134.0 1.4953 0 .8612

2 M onoam yl benzene 2 0 .0 4 :1  
3 :1  
2 :1  

E x t. 0 :1

3 4 .0
3 0 .0
2 6 .0  
18 .0

1.4343 
1.4350 
1.4358 
1.4372

0 .7780
0 .7800
0 .7822
0 .7864

172.0
171.0
170.0  
167.8

1.4465 0 .7999 139.5 1.4869 0 .8577

3 D iam yl benzene 2 0 .0 4 :1
3 :1

3 2 .0
2 8 .5

1.4347
1.4351

0 .7789
0 .7806

172.0
171.0

1.4463 0 .7996 150.5 1.4850 0 .8537

2.: 1 
E x t. 0 :1

2 5 .0
18.0

• 1.4358 
1.4368

0 .7819
0 .7849

170.0
167.8

M onoam yl n ap h th a len e 2 0 .0 4 :1  
3 :1  
2 :1  

E x t. 0 :1

3 6 .0
3 2 .0  
2 7 .5  
19 .2

1.4340
1.4347
1.4354
1.4370

0 .7769
0 .7786
0 .7819
0 .7879

173.5  
172.0
170.5
167.5

1.4638 0 .8220 135.5 1.5731 0.9641

5 D iam yl n ap h th a len e 2 0 .0 4 :1  
3 :1  
2 :1  

E x t. 0 :1

3 7 .5  
3 3 .0
2 8 .5
19 .5

1.4337
1.4346
1.4354
1.4371

0 .7758
0 .7784
0 .7807
0 .7858

173.5
172.0
171.0
168.6

1.4597 0.8162 142.5 1.5527 0 .9340

6 C yclohexene plus 
xylene

12.5

12 .5

4 :1  
3 :1  
2 :1  

E x t. 0 :1

3 5 .5  
3 2 .0
2 8 .5
2 1 .5

1.4350
1.4355
1.4361
1.4374

0 .7777
0 .7806
0 .7830
0.791

172.0
170.0  
168.5  
164.4

1.4447 0 .7976 130.5 1 .4470

1.4953

0 .8105

0 .8612

7 D iisobu ty lene 20 4 :1  
3 :1  
2 :1  

E x t. 0 :1

3 4 .5  
3 0 .0
2 5 .5  
16.5,

1.4327
1.4331
1.4338
1.4350

0 .7719
0 .7750
0 .7780
0 .7840

174.0  
172.5
171 .0
168.0

1 .4330 0.7727 157.0 1.4106 0 .7157

cter, density  determ inations were m ade in  2- or 3-ml. pycnom eter 
bottles, and aniline points were determ ined (2) using microburets 
and 5-ml. samples.

PROCEDURE

The extractions were carried ou t following the  m ethod of 
Thomas, Bloch, and H oekstra (15), a t  ice-water tem perature. 
Three extractions were m ade in each case, employing acid-oil 
ratios of 4 to  1, 3 to 1, and  2 to  1.

After the volume of hydrocarbon absorbed was m easured, the 
«tracts were discarded and the raffinates washed w ith sodium 
arbonate solution and  dried over sodium carbonate. T he den­
sity, refractive index, and aniline po in t of th e  washed and dried 
'affiliates were determ ined and  extrapolated  graphically to  a 
ictitious 0 to  1 acid-oil ratio.

The d a ta  obtained in th e  extraction  experim ents are recorded in 
fable II , including the extrapolated  values.

ACCURACY O F SATURATES DETERMINATIONS

From th e  lim ited am oun t of d a ta  presented, it  can be estim ated 
hat in th e  case of paraffin-naphthene-benzene or paraffin-naph- 
hene-naphthalene m ixtures, where the concentration of arom atic 
i 20% or less, th e  accuracy of th e  extrapolation m ethod is ap- 
roximately as follows:

P ro p erty
Volume per cen t of sa tu ra tes  
D en sity  of sa tu ra te s  
R efractive  index of sa tu ra tes  
Aniline p o in t of sa tu ra tes

E stim a te d  A ccuracy
=*=0.2% 
=f0.005 
=*=0.0005 
=*=0 .8 ° F .

Table III. Calculation o f Properties o f Unsaturated Compounds 
M ix e d  w ith Naphthenes and Paraffins, by Extrapolation M ethod

D ata ,

U nsa tu rated
II ,

Blend
Properties of U n sa tu ra ted  C om pound 

R efractive  Index, n° D ensity , 2°
Com pound No. C alculated O bserved C alcu lated Observed

X ylene 1 1.4918 1.4953 0 .8653 0.8612
M onoam yl benzene 2 1.4888 1.4869 0 .8614 0.8577
D iam yl benzene 3 1.4894 1.4850 0.8666 0.8537
M onoam yl n a ph tha lene  
D iam yl n aph tha lene

4 1.5737 1.5731 0.9619 0 .9641
5 1.5530 1.5527 0 .9417 0 .9340

D iisobutylene 6 1.4230 1.4106 0 .7160 0 .7157

where
F um  = volum e fraction of unsaturates as determ ined by 

extrapolation m ethod 
dm  =  density  of original m ixture 
ds =  density  of saturates, as extrapolated 
du =  density  of unsaturates 

N m  = refractive index of original m ixture 
Ars — refractive index of satu rates, as extrapolated 
N u  = refractive index of unsaturates

In  T able I I I ,  th e  densities and refractive indices of th e  un ­
satu ra tes used in th e  extraction tests have been calculated by th e  
above formulas.

The agreem ent of calculated and observed values averages 
about =f  0.005 for th e  densities and =*= 0.004 in th e  case of the  re­
fractive indices. C alculation of unsatu ra te  aniline points was 
unsatisfactory.

When the  m ixture contains olefinic derivatives a t  12 to  20%  
mcentration (see T able I I ) , the  inaccuracy is approxim ately 
oubled.

C A LC U LA T IO N  O F UNSATURATE PROPERTIES

D en sity  a n d  refra c tiv e  in d ex  are  a p p ro x im a te ly  v o lu m e -a d d i-  
ve properties in  h igh er  b o ilin g  h yd rocarb on  m ix tu res (4, 11 , 14)', 
:nce th e  ap p rox im a tio n  eq u a tio n s  b elow  m a y  be se t  up:

F u m  = dtn — ds _  Nrn — N s  
du  — ds N u  — N s

DISCUSSION

I t  is evident from th e  experim ental results in T able I I  th a t  th e  
accuracy of the  extrapolation m ethod is seriously reduced by ole­
fins a t  high concentration. O ther d a ta  on olefins a t  high concen- 

-tratiQn (above 20% ) indicate th a t large proportions of olefinic 
compounds can m ake extrapolation indefinite.

F or hydrocarbon m ixtures containing 20%  or less unsaturates, 
however, it  appears to  be a  safe guide to  consider th a t  the  extra­
polation m ethod fails when a  linear continuation of th e  d a ta  to  
zero acid-oil ra tio  is no t im m ediately apparent.
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Application of th e  extrapolation m ethod to  hydrocarbon mix­
tu res  containing m uch more th an  20%  of olefins or arom a tics is 
n o t practicable in any  case w ith  the present technique, inasm uch 
as th e  raffinate quantities would be too sm all for ordinary m anip­
ulation.

T he extrapolation m ethod of analysis appears a t  first sight to 
have  the  fundam ental draw back of giving as unsatu ra ted  any 
substance which has a t  least one unsatu ra ted  group per molecule, 
regardless of th e  sa tu ra ted  character of th e  res t of th e  molecule. 
T h is  is no t actually  a  disadvantage in m any cases, however, by 
v irtue  of the  fact th a t  th e  density  and  refractive index of the ex­
trac ted  unsatu ra ted  m aterial can be approxim ated sufficiently to  
give a  general idea of th e  n a tu re  of th e  unsaturates, especially if 
this inform ation is supplem ented by determ inations of brom ine 
.number and optical dispersion (5 , 16, 17).
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Determination of Large A m ounts o f Manganese

M o d ifie d  Persulfate M eth od

H A R V E Y  D . H IL L S O N

University of M a in e , O ro n o , M ain e

IN  A STU D Y  of the reaction of am m onium  persulfate with 
m anganous salts in  acid solution, it  was discovered th a t  by the 

addition  of disodium hydrogen phosphate, the manganese can 
be oxidized and  th e  excess persulfate decomposed by  boiling; 
finally by  th e  use of osmic acid, as recommended by  Gleu (4), 
the perm anganate m ay be stoichiom etrically titra te d  w ith 
sodium  arsenite solution. These modifications ad ap t the per­
sulfate m ethod to  th e  accurate determ ination of m anganese in 
larger am ounts th an  has been possible heretofore and  extend 
the usefulness of the procedure to  the determ ination of manganese 
in such m aterials as m anganese ores and ferromanganese. In  th is 
paper are given brief descriptions of the experim ental work and  a 
method of procedure for m anganese in high-grade m anganese 
ore.

Two m ajor modifications in  the  usual persulfate m ethod were 
adopted to  perm it accurate determ ination of m oderately large 
am ounts of manganese: (1) addition  of disodium hydrogen 
phosphate to re ta rd  the decomposition of the  perm anganate, and
(2) establishm ent of heating lim its to  decompose th e  excess per­
sulfate, y e t n o t affect the perm anganate. Perm anganate ion 
tends to  decompose upon heating  in an  acid solution, the ionic 
equation  for th e  reaction being

M nO ; -  4H + -  3e =  M n 0 2 -  2H 20  (1)

This equation shows th a t th e  reduction of the  M nO ” involves 
the oxidation po ten tia l equation

E  =  E „ -  R T /3 F  In (M nO ;) (H+)< • (2)

Assuming the oxidation po ten tial of sodium to be positive, the 
E 0 of th is equation will be negative. T hus, upon exam ination, 
it  is found th a t  if th e  hydrogen-ion concentration, or the per- 
m anganate-ion concentration, is decreased, the oxidation po­

tential, E, becomes negatively sm aller or actually  larger, making 
the reduction less likely. Since i t  was desired to  increase the 
lim it on th e  am ount of m anganese present, th e  hydrogen-ion 
concentration or acidity  w as reduced through addition of 
disodium hydrogen phosphate.

W hile the reduction in  hydrogen-ion concentration should, 
according to  E quations 1 and  2, greatly reduce th e  ra te  of per­
m anganate decomposition, i t  should n o t affect th e  ra te  of de­
composition of th e  excess persulfate, since th e  ionic equation for 
the reduction of persulfate is

S iD s —  -  2 e  =  2 S 0 4—  (3)

As can be observed from th is equation, no hydrogen ions are 
involved in the process of reducing persulfate ion.

PROCEDURE

Although the m aximum am ount of manganese th a t can be 
present in a  sample is still under investigation, it  has been found 
th a t samples containing up to  0.05 gram  of m anganese can be 
effectively employed. T hus, an  aliquot containing from 0.03 
to  0.05 gram  of manganese can be accurately analyzed by this 
procedure.

The sam ple first m ust be powdered, dried, and  dissolved in an 
aqua regia solution. T his solution is filtered and  the residue is 
fused w ith c.p. sodium carbonate in a  p latinum  crucible. If the 
carbonate tu rn s green, manganese has been left in the precip­
ita te  and the fused mass m ust be dissolved in the filtrate. To 
the resulting solution is added enough concentrated sulfuric acid 
to give 100 cc. of 6 N  sulfuric acid solution when diluted to 250 
cc.—approxim ately 33 gram s or 18 cc. T he aqua regia is now 
evaporated off or the  solution is evaporated to  fumes of sulfur 
trioxide. The rem aining solution is quan tita tively  washed into 
a 250-cc. volum etric flask and diluted to  th e  m ark. From thu 
solution 25-cc. portions can be p ipetted  into flasks for analyst;

T o each portion to  be analyzed are added from 3 to  5 gram» 
of disodium hydrogen phosphate, followed by ap p ro x im a te ly
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Table I. Décom position o f Permanganate with and w ithout 
D isodium  H ydrogen Phosphate

Experi­ T im e of

D isodium
H ydrogen
P h o sp h a te

Sodium
A rsenite

Sodium  
A rsenite 
R equired 
for B lank

V ariation 
of T ria l

ment No. H eating A dded R equired from  B lank
M in . Grams Cc. Cc. Cc.

1 16 5 2 3 .3 7 23 .37 0 .00

2
(w ater ba th ) 

16 3 23 .35 2 3 .3 7
(none)

- 0 .0 2

3
(w ater b a th ) 

16 1 2 2 .89 2 3 .37 - 0 . 4 8

4
(w ater b a th ) 

16 0 22 .86 2 3 .3 7  ' - 0 . 5 2

5
(w ater ba th ) 

6 0 22 .77 2 3 .3 7 - 0 . 6 0

6
(open flame) 

5 6 23 .36 23 .37 - 0 .01

7
(open flame) 

16 5 23 .36 23 .37 - 0 .01
(open flame)

10 cc. of sirupy phosphoric acid. A fter th e  phosphate has com­
pletely dissolved. 10 cc. of freshly prepared 20%  ammonium 
persulfate are added. T he oxidation is catalyzed by 5 cc. of 
0.1 ¿V silver n itra te . T he solution is now placed in a boiling w ater 
bath for 14 to  20 m inutes or boiled gently over an open oxidizing 
flame 3.5 to  5 cm. in height for as close to  2 m inutes as possible, 
then cooled im m ediately to  20° or 25° C. in  a cold w ater bath. 
Then th e  solution is m ade strongly acid by adding 25 cc. of 6 Ar 
sulfuric acid. A few drops of the  osmium tetroxide catalyst 
arc added and the solution is ready for titra tion .

This m ay proceed in tw o different ways, by direct titra tion  
or by back-titra tion . T he first method consists of running 
sodium arsenite ti te r  in to  the  solution being analyzed until it 
becomes ju s t colorless, or orange if the o-phenanthroline indicator 
is used. In  th e  second method sodium arsenite is run  into the 
test solution un til i t  is colorless, and  a  few milliliters are added in 
excess. This excess is then  back-titra ted  w ith standardized 
potassium perm anganate to  th e  first sign of pink, or, if sodium 
diphenylamine sulfate indicator is used, to a  purple color. The 
amount of m anganese present is calculated by a  simple volu­
metric equation.

DISCUSSION

In  perform ing the experim ental w ork on th is project, solutions 
of 0.1 N  potassium  perm anganate, free from manganese di­
oxide, were m ade up, then  reduced to  m anganous ions w ith  hy­
drogen peroxide which was alm ost completely chloride-free. 
From th is po in t the procedure described was followed.

Thus, th e  decomposition of th e  perm anganate ion was de­
termined by preparing th e  te s t solutions as above and  heating 
for various tim es (Table I) . Phosphate was absent or present in 
i varying am ount, and  in  no case did th e  procedure necessitate 
addition of any  oxidation or reduction agents, since i t  was the 
Jermanganate decomposition th a t was being determ ined. The 
flanks, which were used to compare these results, were prepared 
ay pipetting a  definite am ount of the  potassium  perm anganate 
solution in to  a flask, acidifying, and titra tin g  to  an  end point 
vith the sodium arsenite.

The second m odification in  the procedure was determ ined 
rnrely through experim ent. A fter th e  perm anganate was kep t 
rom decomposing by th e  phosphate and  the persulfate was again 
ised, the com parative results began to  ru n  low once more. I t  
fas reasonable to  assume th a t  in  some m anner the  decomposition 
f the persulfate had affected the oxidation of the manganese, 
although w hat actually  happens is no t known, it  was found th a t 
V heating th e  te s t solution a  so-called poin t of equilibrium  could 
e established a t  which the persulfate is completely decomposed, 
et does no t affect th e  perm anganate formed by oxidation. This 
ras accomplished by  following the  routine procedure up to  the 
oint which called for heating  to  decompose the persulfate. A t 
his point, th e  solution was heated for various lengths of tim e 
oth in a  w ater b a th  and  over an  open flame until th e  desired 
oints were found. T he results and comparison w ith the blank 
fe given in  T able II .

M any o ther trials were m ade to determ ine the lim its on the 
am ounts of reagents th a t  m ight be used. In  all cases th e  trials 
were identical with, those reported  in  T able I I , except th a t  the 
reagent in  question was varied from one ex trem e t o  .the 'o ther. 
I t  was found th a t  the am ount of sirupy phosphoric acid used can 
vary  betw een 7 and  13 cc. and  still m ain tain  th e  accuracy of the 
procedure. The am ount of silver n itra te  ca ta lyst required m ay 
vary  up to  ab o u t 10 cc. b u t m ust no t be less th an  3 cc. T he pri­
m ary addition  of sulfuric acid, which is often m ade while m aking 
up the original sam ple, should be between 0.08 and 0.025 equiv­
alent. T he m inim um  lim it is established for th is reagent, b u t 
the maxim um  lim it m ay  be som ewhat larger, since no experi­
m ental trials were m ade above th is point. T he secondary ad ­
dition of sulfuric acid is indefinite, as long as the te s t solution is 
m ade definitely acid.

As an  indication of the accuracy of this procedure, several trials, 
using the m ethod described, were m ade on m anganese ore No. 
25a, obtained from the B ureau of S tandards (Table I I I ) .  An­
o ther tria l was m ade on the same sam ple using the b ism uthate 
m ethod (1, 6). The m anganous ions were oxidized to  per­
m anganate by m eans of an  excess of sodium bism uthate, the 
excess was filtered off, and th e  residue washed w ith dilute 
nitric acid. T he tes t solution was titra ted  w ith sodium  arsenite 
in a definitely acid solution.

REAGENTS

O s m iu m  T e t k o x i d e  C a t a l y s t . B reak a  1-gram capsule of 
osmium tetroxide beneath the  surface of 390 cc. of 0.1 N  sulfuric 
acid and m ake sure all has dissolved before filtering glass off. 
Osmium tetroxide em its poisonous vapors when standing in air. 
Preserve cata lyst in a  glass-stoppered bottle.

S i l v e r  N i t r a t e  S o l u t i o n . D is s o lv e  a p p r o x im a te ly  17 g r a m s  
o f  t h e  s i lv e r  n i t r a t e  s a l t  i n  1 l i t e r  o f  d i s t i l l e d  w a te r .

A m m o n iu m  P e r s u l f a t e  S o l u t i o n .  Dissolve 20 gram s of the 
persulfate in 100 cc. of distilled w ater a t  room tem perature. 
T his solution m ust be prepared fresh each tim e, since it  de­
composes upon standing.

Table II. Effect o f Time o f Heating Solution on Decom position 
o f Am m onium  Persulfate

Sodium

E xperi­
Sodium A rsenite V aria tion

Tim e of A rsenite R equired  
for B lank

of T ria l
m ent No. H eating R equired from  B lank

M in . Cc. Cc. Cc.
1 12

(w ater b a th )
23 .49  

(no constan t 
end poin t)

23 .37 - 0 .12

2 14 23 .35 23 .37 - 0 .02
(w ater b a th )

3 16
(w ater ba th )

23 .37 23 .37 0 .0 0

4 18 23 .36 2 3 .37 - 0 .01
(w ater ba th )

5 20 23 .35 23 .37 - 0 .0 2

6
(w ater b a th )

22 23.31 23 .37 - 0 . 0 6
(w ater ba th )

7 24 23 .26 23 .37 - 0 .1 1
(w ater b a th )

8 5 2 3 .28 23 .37 - 0 . 0 9
(open flame)

9 4 23.31 23 .37 - 0 . 0 6
(open flame)

10 3 23 .34 23 .37 - 0 . 0 3

11
(open flame)

2 23 .36 23 .37 - 0 .0 1
(open flame)

12 1 23.51 23 .37 - 0 . 1 4
(open flame) (no co n stan t 

end po in t)

Table III. Results o f A c tu a l Trials on Standard Samples
E xperi­ T y p e  of M anganese S tan d ard

m en t No. P rocedure D eterm ined V alue E rro r
% % %

1 Persu lfa te 56.67 56 .62 - 0 . 0 9
2 Persu lfa te 56 .65 56 .62 - 0 . 0 5
3 Persu lfa te 56.57 56 .62 - 0 . 0 9
4 Persu lfa te 66.62 56.62 None
5 B ism uthate 56 .26 56.62 - 6 . 3 8
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S o d iu m  A r s e n i t e  S o l u t i o n . . Dissolve approxim ately 7 
grains of sodium hydroxide pellets in  as little  cold w ater as 
possible, then  dissolve exactly 4.9456 gram s of pure dry  arsenious 
oxide in  this solution. F inally , neutralize w ith I N  sulfuric 
acid, transfer to  a  1-liter volum etric flask, and  dilute to  the m ark. 
T his gives an  exactly 0.1 N  solution of sodium arsenite.

P o t a s s iu m  P e r m a n g a n a t e  S o l u t i o n . Filter through a  Jena 
glass crucible an  approxim ately 0.1 N  solution which has aged 
several days, and  standardize against pure d ry  sodium oxalate.
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Determination of Rate of Cure of G R -I and Natural Rubber
L E O N A R D  H . C O H A N ,  M A D E L IN E  S O H N , a n d  M A R T IN  STEINBERG 

Continental Carbon Company Research Laboratories, Chicago, III.

Indexes o f rate o f cure previously used in natural 
rubber and GR-S have been compared in GR-I 
(B u ty l). Combined sulfur varies w ith cure time 
in a manner similar to  that observed in natural 
rubber and GR-S. The T-50 temperature varies 
o n ly  s ligh tly  w ith cure time and does not appear 
to  be satisfactory as an Index o f rate o f cure In 
G R -I. Tensile ratio (tensile at an undercure/ 
maximum tensile) appears to  be a useful index of 
rate of cure in G R -I. For any series o f stocks a 
convenient undercure is, as in the case o f GR-S 
and natural rubber, a cure giving a tensile ratio of 
about 0 .60  fo r the stocks in the series having inter­
mediate cure rates.

IN A previous publication two of the authors 
studied various m ethods for determ ining the 

ra te  of cure of na tu ra l rubber and GR-S ($)■ 
Evidence was presented to  show th a t  the tensile 
ratio , th e  ratio  of tensile streng th  a t  an  under­

cure to  maxim um  tensile strength , was a  useful index of rate 
of cure.

TESTS IN  N A T U R A L  RUBBER O N  PRODUCTION C AR BO N  BLACKS

In  order to  examine fu rther the applicability  of th e  tensile ratio 
to  practical ra te  of cure problems, tensile ratio , T-50 a t  10 min­
utes, and  T-50 a t  45 m inutes were determ ined for forty-four sam-

Table I. Tensile Ratio and T-50 for Forty-four Production Channel 
Black Samples

(E xpressed as p e r cen t of a s tan d a rd  control)
T ensile R atio , 

Tensile 10 M in ./ 
T ensile 45 M in.

T-50, 
10 M in.

Average G rade  AA (E P C ) 112 117
A verage G rade  A (M PC ) 106 103
Average G rade  D  (M P C ) 103 99
Coefficient of correlation

Tensile ra tio  vs. T-50 a t  10-m inute cure (all grades)
Tensile ra tio  vs. T-50 a t  45-m inute  cure (all grades)
T-50 a t  10-m inute cure vs. T-50 a t  45-m inu te  cure (all grades)

T-50, 
45 Min.

115
119
111

+0.30
-0 .26
-0.10
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Git-1 (B utyl)
Zinc o x id e  
S te a r ic  a c id  
S ulfur
T etrum ethylth iuram  

disulfide 
M ercaptobenzothiazole 
Witcarb I t  (W -R) 
Medium therm al (M T) 
Continex S R F  
Continental AA (E PC ) 
Continental D (M FC ) 
Continental It-40  (CC) 
Acetylene b lack (AC)

C ure a t  
307° F „  

M in.
8

15
30
80
90

180

8
15
30
60
90

180

8
15
30
60
90

ISO

8
15
30
60
90

180

8
15
30
60
90

180

8
15
30
60
90

180

8
15
30
60
90

180

8
15
30
60
90

180

30
60
90

180

90
150

15
90

60

Table II. Pigments in GR-I

Gum
W itcarb

R M T
C ontinex

S R F

C on ti­
nen ta l

AA

C onti­
nen tal

D

C on ti­
nen tal
R-40

Acetylene
Black

100 100 100 100 100 100 100 100
5 5 5 5 5 5 5 5
1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2

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

78
0 .5 0 .5 0 .5 0 .5 0 .5 0 .5

50
50

50
50

50
50

M odulus a t  400%  E longation , Pounds per S quare  Inch  
250 200 200 350

ioo
135 150 315 300 300 175 500
175 200 500 475 435 200 725

150 200 250 700 650 650 250 925
175 200 285 735 800 850 350 975
200 200 325 735 925 880 400 1000

280° 1760
Tensile a t  B reak, Pounds per Square Inch 

1075 1675 1200 1380 390 1250
1100° 1875 1460 1820 1960 2160 740 15702530a 1875 1600 1900 2150 2475 1400 1600
2530° 1825 1675 1850 2335 • 2670 1675 16002000° 1800 1525 1800 2300 2630 1750 1600
1975a 1800 1525 1750 2300 2050 1700 1500

1300° 1000 960
E longation  a t  B reak , %

935 1000 1110 1200 825
1200a 875 900 815 915 960 1100 7501050a 835 815 725 850 925 950 650
875° 815 775 675 800 885 925 600
825° 800 735 650 715 790 900 590825“ 800 675 635 685 770 800 575

30 25
B reaking Set, %

30 60 68 150 50
25 25 25 50 50 75 38
25 25 25 43 45 58 35
23 20 25 35 35 55 35
20 15 20 27 35 50 30
IS 15 20 25 30 50 19

40 200
T ear, Pounds per Square Inch

90 200 185 280 85 20045 150 85 200 325 405 135 215
30 145 70 190 395 475 175 250
30 125 50 150 415 495 200 220
35 115 50 160 385 440 200 220
25 125 75 160 390 435

24 40 40
D urom eter, In stan taneous

48 61 51 51 5126 40 40 49 53 55 51 55
27 42 42 50 54 56 51 5630 45 45 55 56 59 53 6030 46 45 53 57 62 54 6030 45 43 51 57 62 51 60

16 30
D u ro m ete r, 30-Second Reading 

30 39 38 39 35 4121 34 35 41 43 46 39 4722 38 39 45 45 46 40 5128 40 41 50 50 52 40 5729 41 41 50 51 55 42 5729 41 40 47 51 56 42 56

37 30
R ebound a t  100° C ., % , Bashore 
34 28 21 19 18 2238 31 36 29 22 20 18 2343 32 37 30 23 21 20 2346 32 39 31 24 23 21 2548 33 41 33 26 25 22 2546 32 40 31 26 26 23 24

b 1320
Abrasion Loss, D u P o n t, Cc. per H p .-H our 

1590 346 . 229b 1020 760 265 401 424 160
534b 937 663 249 329 361 481 157

d 195 d
H eat B uildup, ° F . c 

201 253
257 268 e

0 .110 0 .118 0.116
W illiam s P lastic ity , Inch  

0 .124  0 .141  0 .150 0.166 0.139

15.0 2 6 .0
Tubing R a te , G ram s per M in u te / 

2 4 .0  2 7 .0  2 2 .2  2 0 .8 19.2 2 9 .7

4 4 .0 - 3 9 . 8 - 3 7 . 5
T-50, ° C.

- 2 9 . 3  - 1 8 . 9  - 1 7 . 5  -- 10 .8 “ 14.0
- 4 3 . 0 - 2 5 . 5  - 2 3 . 8  --1 4 .3

Com bined Sulfur, %  of O riginal Sulfur 
4 9 .8  5 4 .6  4 7 .9  5 2 .3  4 1 .8  3 9 .5  2 6 .6  51 .9

Tensile R atio , 15-M inu te /M axim um  
1 .0  0 .8 7  0 .9 6  0 .8 4  0 .81  0 .4 2  . 0 .98

pies of channel black collected weekly 
from several different operating units. 
T he blacks were milled in the follow­
ing te s t form ulation which was cured 
a t 2S0° F .:

Sm oked shee t 100
S tearic  acid 4 .0
P ine ta r  l . 5
Sulfur 3 ’o
Phenyl-/3-naphthylam ine 1 .0
Zinc oxide 3 .0
M ercaptobenzoth iazole 1 .0
C arbon black 5 0 .0

U nder the conditions used all the 
channel blacks reached a tensile in 45 
m inutes sufficiently close to  the maxi­
mum tensile so th a t the more readily 
determ ined ratio  (tensile a t  10 
m inutes/tensile a t  45 m inutes) could 
be used for tensile ra tio  in place of 
(tensile a t  10 m inutes/m axim um  
tensile). All samples were tested  
alongside a standard  control and the 
average values reported in T able I 
are expressed as per cent based on 
the control. Percentages are calcu­
lated so th a t higher values indicate 
faster cure rate.

Considering the average values of 
the three grades of black tested, the 
tensile ratio  and T-50 a t  10-minute 
cure indicate decreasing ra te  of cure 
in  going from AA to  D. T his is in 
agreem ent w ith actua l experience. 
T-50 a t  45 m inutes, however, docs 
no t follow the expected trend. Like­
wise, th e  coefficient of correlation be­
tween tensile ra tio  and T-50 a t  10 
m inutes ifc + 0 .30 , which for the 
num ber of stocks used shows some 
interdependence, there  being less 
than  one chance in  tw en ty  th a t th is 
c o r r e l a t i o n  could arise through 
random  sam pling errors. On the other 
hand, T-50 a t  45 m inutes shows no 
correlation w ith either tensile ratio  
or T-50 a t  10 m inutes. Ju s t why 
th e  T-50 a t  10 m inutes and T-50 a t  
45 m inutes should agree so poorly for 
these stocks is no t clear; however, 
the evidence • indicates th a t  both 
tensile ra tio  and T-50 a t  10 m inutes

“ R esults questionable  owing to  tendency  
of gum stock  to  te a r in  tensile  jaw s.

» T est block crum bled  when abraded .
c H e a t rise of cen ter of te s t p lug  over 

room  tem p era tu re  (70° =>= 3° F \) on St. 
Joe flexom eter a fte r 20 m inu tes a t  475 
pounds ' vertical load and  0.130-inch ho ri­
zontal deflection. Face p la te  te m p e ra tu re  
of 100 a, 2° F.' used a t  beginning of each 
test.

4 T est plugs blew o u t in  less th an  5 
m inutes under conditions of test.

* T e s t p lug could n o t be successfully 
cured.

/  0.5-inch Royle tu b e r, V n-inch die, 24 
r.p .m . screw speed, and 170° F . barre l tem ­
pera tu re .
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can be used as indexes of cure rate. 
T he tensile ratio  has th e  advantage 
of being very  sim ply obtained from 
tensile da ta  which are usually de­
term ined anyhow in evaluating a 
stock.

RATE O F CURE O F GR-I

The ra te  of cure of G R -I (Butyl) 
was studied, following the  approach 
previously used for natu ral rubber 
and GR-S (2). Two series of stocks 
were used in this work. T he first 
series, formula and tes ts  on which 
appear in T able II , consists of one 
inorganic and various carbon pig­
m ents and covers a  wide range of 
cure rates. T he second series (Table 
III)  includes only channel carbon 
blacks and  covers a narrower cure 
range. A loading of 25.6 volumes 
per 100 volum es of G R -I was used 
for all pigm ents. Physical proper­
ties, T-50 tests, and  combined sulfur 
d a ta  are included in th e  tables. 
A .S.T.M . stan d ard  tes t conditions 
were used except where otherwise 
specified. A different shipm ent of 
G R -I was used in  each set. Although 
both  sets are consistent w ithin them ­
selves, appreciable differences were 
found between the tw o sets. These 
differences m ay be due to  variation 
in the polym er or to  unintentional 
differences in processing the two 
sets.

Combined sulfur was calculated 
from the sulfur originally present' by 
sub tracting  the free sulfur determ ined 
by th e  sodium sulfite extraction 
method {1, A).

T he sulfur determ inations are sub­
jec t to  tw o principal errors: (1) the 
te tram ethy lth iu ram  disulfide in the 
form ula m ay interfere, giving high 
results for free sulfur, and  (2) slow 
diffusion through G R -I m ay lead to  
incom plete extraction  of th e  free 
sulfur in  th e  standard  2-hour ex­
traction  tim e. D eterm inations were 
therefore carried ou t a t  various ex­
trac tion  tim es w ith  th e  results shown 
in T able IV . In  th e  case of th e  un­
cured stock, a  value equal to  essen­
tia lly  all th e  free sulfur is obtained 
in 8 hours. Since for th e  cured 
stock th e  per cent of sulfur extracted 
also appears to  be leveling off a t 
about this tim e, th e  8-hour extraction 
was adopted throughout. (Since 
th is w ork was com pleted a  new 
m ethod for determ ination of sulfur 
in B uty l based on m ethyl ethyl 
ketone extraction has appeared, 5.)

T he physical te s t d a ta  in  Tables 
I I  and  I I I  were used to  determ ine 
tim e to  reach m aximum tensile, ten ­
sile product, tear, and  rebound; tim e 
to  reach m inim um  reduced residual 
elongation (breaking set divided by 
tensile); tim e to  reach 85%  and 
o ther percentages of maximum physi­
cal properties; tensile ra tio  (ten-

Table III. Channel Blacks in G R -I“

G R -I (Butyl)
Zinc oxide 
S tearic acid 
Sulfur
T e tram e th y lth iu ram  disulfide 
M ercaptobenzothiazolo  
C on tinen tal AAA (E PC ) 
C on tinen tal AA (E PC ) 
C o n tinen ta l A (M PC ) 
C o n tinen ta l D  (M PC ) 
C on tinen ta l F  (H PC ) 
C on tinen ta l R -20 (CC) 
C o n tinen ta l R -30 (CC) 
C on tinen ta l R -40 (CC)

C on ti­ C on ti­ C o n ti­ C on ti­ C onti­ C on ti­ C o n ti­ C onti­
nen ta l nen ta l nen ta l nen ta l nen ta l nen ta l nen ta l nental
AAA AA A D F R-20 R-30 R-10

100 100 100 100 100 100 100 100
5 5 5 5 5 5 5 5
1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1
0 .5 0 .5 0 .5 0 .5 0 .6 0 .5 0 .5 0.5

50
50

50
50

50
50

50
60

C ure  a t
307° F .,

M in. M odulus a t  400%  E lo n g atio n , Pounds per Square  Inch

8 250 180 200 210 150 75
15 375 280 250 320 475 300 300 125
30 650 400 400 450 550 450 375 250
60 750 600 600 625 600 650 550 350
90 800 700 750 775 675 700 725 400

180 900 800 900 950 800 875 775 525

Tensile  a t  B reak , Pounds per S quare  Inch
8 1275 775 925 800 800 1075 525 335

15 1750 1400 1500 1600 1600 1725 1450 550
30 2010 1075 2100 2250 2225 2475 2300 1100
00 2325 2000 2400 2425 2500 2650 2525 1350
90 2300 1950 2400 2475 2475 2725 2600 1400

180 2250 1925 2325 2400 2400 2725 2575 1535

E longation  a t  B reak , %
8 1120 1055 1200 1170 930 950 900 800

15 980 890 1025 1035 835 860 880 730
30 880 825 895 870 800 850 950 775

X  60 795 760 800 815 790 775 845 770
90 700 700 740 740 755 750 805 700

180 700 655 705 705 740 740 780 700

B reak ing  S et, %
8 53 53 68 75 75 40 110 105

15 40 38 53 50 53 50 92 75
30 32 35 45 45 50 50 70 70
60 30 30 38 38 50 45 70 60
90 25 33 35 33 38 38 65 60

180 25 25 30 30 35 37 58 60

T ear, Pounds p e r Inch
8 260 150 145 130 145 250 120 136

15 380 225 235 350 310 395 175 145
30 425 315 480 475 430 495 430 190
60 475 365 495 485 475 495 545 195
90 450 350 460 475 485 500 545 200

180 450 350 460 415 475 500 530 215

D u ro m ete r, In s tan tan eo u s
8 47 40 45 50 40 47 45 25

15 49 48 47 51 45 50 50 30
30 50 49 49 51 49 52 51 35
60 52 50 52 55 52 54 53 50
90 52 51 54 56 51 55 57 49

180 52 50 55 54 50 54 57 50

D u ro m ete r, 30-Second R ead ing
8 35 35 31 36 28 38 33 20

15 40 40 39 41 39 43 40 22
30 43 41 41 45 40 45 45 26
60 46 45 46 48 47 48 46 40
90 48 48 50 50 46 50 50 41

ISO 48 45 50 50 48 49 50 43

R ebound  a t  100° C ., % , B ashore
S 24 25 23 23 25 22 19 19

15 25 27 24 25 25 23 21 21
30 31 33 30 29 27 26 23 26
60 32 34 30 30 28 25 22 24
90 33 33 31 30 29 27 25 25

180 ei 32 29 28 28 27 24 24

H e a t B uildup , ° F .
150 242 242 247 251 248 256 b

T ub ing  R a te , G ram s p e r M inu te
1 8 .4  18 .8 18.2  18 .6 17 .3 14 .6 14.7 16.4

T-50, ° C.
15 - 2 1 . 3 - 2 1 . 0 - 2 0 . 4  - 2 0 . 5 - 2 0 . 2 - 1 9 . 6 - 1 6 . 0 -1 0 .8
90 - 2 5 . 0  - 2 4 . 4 - 2 4 . 0 - 2 5 . 5

C om bined Sulfur, %  of O riginal Sulfur
30 3 8 .0  3 6 .2 3 1 .9  3 0 .7 30 .2 no a
60 4 5 .4  4 3 .6 4 0 .0  4 0 .0 4 0 .0 4 0 .2 41.6

0 .7 5
T ensile R a tio  (15 -M inu te /M ax im um )

0 .7 0  0 .6 3  0 .6 5  0 .6 4  0 .6 3  0 .56 0.36

°  S am e 'te s t conditions as listed  in  T ab le  I I .
b Blew®out in 18 .5  m inu tes u n d er conditions of test.
c T est plug  would n o t cure p roperly  even a fte r 4 hours a t  307° F .
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?
| FIG. 3  PIGMENTS IN GR-I

TIME TO MAX. MACHINE TEAR □ * 
TIME TO OPT "HAND T E A R ' + -  
T -5 0  AT 15' CURE A -

- 0 .3 4
- 0 .2 6

LJ
cr

-3 0  3
lb

COMBINED SULFUR AT 6 0  CURE, % OF ORIGINAL SULFUR

sile a t 15 m inutes/m axim um  tensile); and tensile product ratio  
(tensile product a t  15 m inutes/m axim um  tensile product). The 
15-minute cure was selected, as th is cure gave tensile ratios be­
tween 0.30 and  1.00 for all stocks and ratios of about 0.60 for 
stocks having in term ediate cure rates. T im e to  reach optimum 
cure as judged by  hand  te a r was also determ ined. No a ttem pt 
was made to  determ ine th e  b reak  in the  modulus versus cure tim e 
curve, as the change in  slope of this curve is very  gradual for the 
GR-I form ulation used. T he indexes of ra te  of cure which have 
been proposed in  the lite ra tu re  and also those indexes which were 
found to  correlate closely w ith combined sulfur are plo tted  against 
combined sulfur in Figures 1 to  5. Prediction indexes (P .I. =  
1 — V  1 -  r ’i where r  is th e  coefficient of correlation) showing 
the extent of correlation of the various indexes of ra te  of cure 
with combined sulfur are tabu la ted  on th e  figures.

In both  the  pigm ent and channel black series, tensile ratio  
shows a high degree of correlation w ith combined sulfur. Time 
to 85% m axim um  tensile, tim e to  optim um  
tensile, tim e to  optim um  m achine tear, and 
time to  optim um  tensile p roduct also show a 
significant correlation w ithin th e  95%  con­
fidence lim its for bo th  sets. T he minim um in 
the reduced residual elongation versus cure­
time curve is no t an absolute m inim um bu t 
a mathematical minim um  followed by a  maxi­
mum and th en  a  fu rth er drop to  lower levels.
For this reason, th e  m inim um  is difficult to 
determine unless a considerable num ber of 
cures are available in  th e  m inim um  region.
The minimum could be determ ined for only 
five of the pigm ent series and two of the 
channel black series.

The G R-I gum stock was no t included in the 
graphs or calculations because of the ques­
tionable character of m ost of th e  stress-strain 
data. This stock tore so easily th a t  i t  was 
extremely difficult to  preven t te s t dumbbells 
from tearing in  th e  jaw s of the tensile machine.
The values reported were obtained by  using a 
narrow die (0.090 instead of 0.250 inch in 
width) and disregarding all samples which did 
not break near the  center of the  tes t dum b­
bell. Judging from th e  combined sulfur re­
sults, the T-50 value for the gum stock also

appears too low compared w ith  the T-50 values for 
the loaded stocks. In  natu ra l rubber, too, i t  has 
been found th a t the T-50 cannot be used in com­
paring the ra te  of cure of a  gum stock w ith th a t  of 
loaded stocks (2). In  such a  comparison, T-50 is 
ou t of line w ith practically  all o ther indexes of 
ra te  of cure.

Of those indexes showing good correlation w ith 
combined sulfur, tensile ra tio  is for m any purposes 
one of the m ost convenient to  determine. I t  th ere ­
fore appears th a t tensile ra tio  is a  useful index of 
ra te  of cure in G R -I as well as in na tu ra l rubber 
and GR-S.

T he T-50 tem perature decreases slightly w ith 
increasing cure tim e. T he decrease is greater than  
for GR-S b u t m,uch less th an  for na tu ra l rubber. 
In  view of th e  small difference between T-50 
a t 15 m inutes and T-50 a t  90 m inutes, the 
ra ther large differences between stocks containing 
various pigm ents were surprising. A pparently  this 
behavior m ay be due to  the effect of some other 
p roperty  of the stock, such as set, on T-50, ra ther 
than  to  ra te  of cure. In  any  case it  appears 
doubtful th a t th e  T-50 tem perature  can be 
used as a  satisfactory  index of ra te  of cure for 
G R -I.

T he T-50 tem perature  m ay be associated w ith th e  m elting 
point of crystallites formed a t  low tem perature  in the stretched 
polymer. Since GR-S does no t crystallize and G R -I crystallizes 
to  only a  lim ited extent a t  high elongation, we m ight expect them

Table IV . Effect o f Extraction Time on A m o u n t o f Sulfur Extracted

(E xpressed a3 p e r cen t of original B u lf u r )

E x trac tio n  Tim e
2 4

Stock

C on tinen ta l AA in  G R -I (un ­
cured)

C on tinen ta l D  in G R -I“ (60- 
m in. cure)

“ A different cure th a n  rep o rted  in  T ab le  II.

2 4 5 .5 8 10
H ours H ours H ours H ours H ours

7 6 .3 95 .2 9 9 .4

65 .5 5 7 .9 5 7 .9 58 .9

CHANNEL BLACKS

TENSILE RATIO
TIME TO 85 % MAX. TE.
TIME TO MAX. MACHINE TEAR

GR-I
£

0.5 K

COMBINED SULFUR AT 60 ' CURE, % OF ORIGINAL SULFUR
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£
F IG . 5  C H A N N E L  B L A C K S  IN G R -I

T - 5 0  A T  1 5 ' C U R E  A -
T IM E  T O  MAX. T E .  P R . X -
T IM E  T O  O P T . "H A N D  T E A R '  +  <

8 0

X - — - X

= 40

3 0  3 5  4 0  4 5  5 0

C O M B IN E D  S U L F U R  A T  6 0 '  C U R E , % O F  O R IG IN A L  S U L F U R

in terest to  determ ine the tem perature  a t  which 
th e  x-ray crystal pa ttern  disappears in stretched 
natu ra l rubber as a  function of tim e of cure, 
(The per cent crystalline phase a t a given elonga­
tion has been found to  increase sharply a t  very early 
cures followed by a gradual decrease, 3. However, 
th is behavior is no t necessarily connected w ith the 
tem perature a t  which crystallites melt.)
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Q uantita tive  Determination of Extractable G ossypol in 

Cottonseed and Cottonseed M eal

A  Spectrophotom etric M e th od

C H A R L O T T E  H . B O A T N E R , M A IZ IE  C A R A V E L L A ,  a n d  L IL L IA N  K Y A M E 1 

Southern Regional Research Laboratory, N ew  Orleans, La.

The reaction of gossypol with antimony trich loride in ether and 
chloroform extracts o f cottonseed is specific and the reaction product 
is sufficiently stable to  permit accurate spectrophotometric determ i­
nation of the gossypol concentration o f such extracts. A  rapid 
d irect method for determination of free gossypol in cottonseed is re­
ported, in which the gossypol is extracted by  equilibrating ground 
cottonseed and chloroform, treating the extract with concentrated 
hydrochloric acid, and applying the antimony trich loride reaction 
d irec tly  to  the treated extract.

IT  WAS recently shown (7) th a t  gossypol reacts w ith an ti­
mony trichloride in chloroform to form a  soluble red product 

having an absorption curve which exhibits a  broad maximum 
a t 510 to  520 mp. I t  was shown further th a t  the-m agnitude of 
th e  extinction a t  th e  m aximum is directly proportional to the 
concentration of gossypol in the te s t solution and th a t therefore 
the absorption spectrum  of th e  antim ony trichloride reaction 
product could be used as a quantita tive m easure of gossypol in 
solution. However, it  was found th a t  the absorption curves of 
the antim ony trichloride reaction products w ith cottonseed ex­
trac ts differed som ewhat from those of similar products ob­
tained w ith solutions of pure gossypol.

Subsequent investigation of the antim ony trichloride reaction

i O n  m i l i t a r y  l e a v e  f o r  d u t y  w i th  U .S .N .W .R .

products w ith  cottonseed extracts has shown th a t  in m ost cases 
the reaction product exhibits, initially, an absorption curve 
identical w ith th a t  obtained w ith pure gossypol. Antimony 
trichloride evidently reacts more rapidly w ith  gossypol th an  with 
th e  interfering reactan ts which m ay be present in cottonseed ex­
tracts. Consequently, when th e  absorption m aximum a t  510 to 
520 m p  of the reaction product of antim ony trichloride with a 
cottonseed ex tract is determ ined before interfering reactions 
have developed, the height of this m aximum serves as a quantita­
tive m easure of th e  concentration of gossypol in such an extract.

In  some hydraulic press-cake meals, as well as in some raw 
cottonseed, m uch of the “ free” gossypol occurs in th e  form of an 
orange-colored pigm ent (3) which can be converted into gossypol 
by trea ting  th e  extracts w ith concentrated hydrochloric acid. 
Following such treatm ent, these extracts react w ith antimony 
trichloride in a  m anner completely analogous to  th a t  of cotton­
seed extracts containing negligible am ounts of the orange-colored 
pigment.

A N T IM O N Y  TRICHLORIDE REACTION WITH PURE GOSSYPOL

T he gossypol-antim ony trichloride reaction is carried out as 
follows:

T o  1 ml. of a  chloroform solution of purified gossypol in a glass- 
stoppered absorption cell there are added 1 drop of acetic anhy-

to  show, respectively, no and  very- little  variation  in  T-50 tem ­
perature w ith tim e of cure. In  this connection it  m ight be^of

P r e s e n t e d  b e f o r e  t h e  D iv i s io n  o f R u b b e r  C h e m is t r y  a t  i t s  N e w  York 
m e e t in g .
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Wave Length in mp

Figure 1. A b so rp tio n  Curve of A n tim o n y  Trich loride Reaction 
Product with Pure G ossypol

dride and 5 ml. of a sa tu ra ted  chloroform solution of antim ony 
trichloride. T he acetic anhydride is added to  prevent the 
development of th e  hazes produced by m oisture in  th e  extracts. 
For the sam e reason i t  is desirable to  mix th e  reagents directly 
in the absorption cells and thus avoid unnecessary exposure to  
atmospheric m oisture. T he transm ission of th e  solution is 
measured against th a t  of a  b lank which consists of 1 ml. of chloro­
form, 1 drop of acetic anhydride, and  5 ml. of a sa tu ra ted  chloro­
form solution of antim ony trichloride.

T he volumes of reagents indicated were chosen to  su it the 
capacity of the cells designed for th e  Coleman double mono­
chrom ator spectrophotom eter which was used for all absorption 
m easurem ents reported here. T he Coleman spectrophotom eter 
is equipped w ith cells having an  estim ated optical dep th  of 1.27 
cm. and all extinction coefficients were, therefore, expressed in 
terms of th is optical dep th  ra th e r th a n  th e  custom ary 1.0-cm. 
depth. E xtinction  coefficients are defined by  the. equation

E = where log I 0/ I  is the extinction, Jo, th e  in tensity

of light transm itted  by the blank, I  the  intensity  of light trans­
m itted by the solution, c the  concentration of the solution, and 
I the length of the p a th  of light through the liquid. T he extinc­
tion coefficients were calculated in term s of th e  optical dep th  of 
the absorption cells used (1.27 cm.) and, for convenience in 
calculating the concentration of gossypol in  tes t extracts, they 
were expressed in term s of the concentration in  gram s of gossypol 
per 100 m l. of the original solution to  which th e  acetic anhydride 
and the antim ony trichloride solution were added.

The absorption curve of th e  antim ony trichloride reaction 
product w ith  pure gossypol is shown in Figure 1. The curve is 
characterized by two maxima, a  broad one in  the visible range a t  
510 to  520 nm, and  a  sharper one in the near ultraviolet a t  380 
ni/j, and by a  m inim um  a t  430 mp.

As shown in Figure 2, a  straight-line relationship exists 
between th e  values of logio h>/l and th e  concentration of gossypol 
at 520, 430, and  380 m/j for concentration of gossypol in the 
original solution ranging from 0.004 to  0.016 gram  per 100 ml. of 
solution. These values were obtained w ith solutions of three 
preparations of gossypol prepared according to two independent 
procedures {1,2).

The existence of two well-defined, widely separated  absorption 
maxima perm itted  th e  m athem atical characterization of the 
absorption spectrum  {4,15) of the gossypol-antim ony trichloride 
reaction product in  term s of the ratios of the m agnitudes of the 
maxima to each o ther and  to  the minimum. These ratios can

be used for establishing the specificity {4, 15) of the reaction fo r 
gossypol contained in  extracts of cottonseed. As shown in. 
T able I, th e  value of the ratio  ii„, logic h / I  a t  520 m/i to  log10 h /1  
a t  430 nm, is 2.68 =  0.23, and the ratio  Rb, log io h / I  a t  520 nm 
to logic h / I  a t  380 mfi, is 1.22 =*= 0.07 for pure gossypol in th e  
antim ony trichloride reaction.

T he absorption spectrum  in the range 370 to  600 m n reaches i ts  
m aximum developm ent w ithin 10 m inutes after th e  reagents are; 
mixed and  is stable for a t  least 24 hours.

In  contrast to  the reaction of gossypol, th e  orange-colored pig­
m en t from cottonseed (2) does no t form a stable reaction product 
w ith antim ony trichloride. W hen a  chloroform solution of th e  
orange-colorcd pigm ent is first trea ted  w ith concentrated hydro­
chloric acid and then reacted writh antim ony trichloride, th e  
reaction product exhibits an  absorption spectrum  identical w ith 
th a t  of the gossypol-antim ony trichloride reaction product w ith 
respect to  both  positions and ratios of maxima and minimum.

Because of its  broadness and  its position in the  visible wave­
length range, th e  absorption maximum a t  510 to 520 mji serves 
best as a  standard  for computing gossypol concentrations in test, 
solutions. W hen dilutions ranging from 0.004 to 0.016% gossy­
pol of nine different solutions of three preparations of pure 
gossypol obtained by two different procedures (1, 2) were used, 
the  values for cm. a t  520 m/j shown in Table I  wrere ob­
tained. From  these da ta  it  m ay be concluded th a t  th e  value of1 Of
E j .2 7  cm. a t  520 m,u is 65.5 =*= 1.9 for gossypol in th e  antim ony 
trichloride te s t where th e  concentration of gossypol is expressed 
in term s of grams per 100 ml. of the original solution.

Lgg-i’

Figure 2. Demonstration o f Beer's Law in G ossypo l-- 
A n tim o n y  Trich loride Reaction

I. Extinction at 430 m/x os.  gossypol concentration
II. Extinction at 380 m/x os.  gossypol concentration
III. Extinction at 520 m/x vs.  gossypol concentration

Arabic numerals indicate m ultip lic ity  of points obtained in independent, 
tests.
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Table I. A bsorp tion  Spectrum o f A n tim o n y  Trichloride Reaction 
Product with Pure Gossypol

G o s s y p o l
P r e p a r a t i o n

F S B P

F S B '

Y m '

A v e r a g e  v a lu e s

C o n c e n t r a t io n ,  
G r a m / 1 0 0  M l. Raa Rb*

R 1 %
^  1 .2 7  cm. 

a t  5 2 0  mu
0 .0 1 0 2 .4 9 1 .1 7 6 3 .8
0 .0 1 0 2 . 8 8 1 .2 9 6 2 .9
0 .0 1 6 2 .7 2 1 .1 5 6 2 . 5
0 .0 0 8 3 .1 6 1 .2 9 6 3 . 7
0 .0 0 8 2 .8 4 1 .2 8 6 1 .9
0 .0 0 4 3 .0 2 1 .3 7 6 5 . 0

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

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

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

m e a n
2 . 6 8

± 0 . 2 3
1 .2 2

± 0 . 0 7
6 5 . 5  

±  1 .9
o To/I a t  4 3 0  m a .“  /?«  — lo g  io Toil a t  5 2 0  m p  t o  lo g  i 

t  Rb “  logio  h / I  a t  5 2 0  m it t o  log io  Io /I  a t  3 8 0  m u .
'  S o lu t io n s  t r e a t e d  w i t h  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  b e fo r e  r e a c t io n  

-w ith  a n t i m o n y  t r i c h lo r id e .  S

cottonseed, produce an orange or yellow color instead of the 
characteristic red reaction product w ith antim ony trichloride. 
T he absorption spectra of these reaction products are very 
unstable b u t show certain definite tendencies as illustrated 
in curves 1 and  2 of Figure 3. The first m aximum shifts 
from 510 to  520 mp to  490 nip; a  new m aximum appears 
a t  450 mp; and the maximum a t 380 mp shifts to  390 mp. 
Such curves appear to  represent th e  result of superposing 
on the gossypol-antim ony trichloride absorption curve, which 
has m axima a t  380 m p and 510 to  520 mp, th e  absorption 
curve of the unstable reaction product of antim ony trichloride 
w ith the orange-colored pigm ent (£), which has a  maximum at 
450 to  460 mp, and  th a t  of th e  unstable antim ony trichloride 
reaction product w ith a t  least one o ther pigm ent, which has 
maxima a t  390 and 490 mp. In  confirmation of th is explanation 
of the shape of these curves, i t  was observed th a t when such ex­
trac ts were trea ted  w ith  concentrated hydrochloric acid prior to 
their reaction w ith antim ony trichloride, reaction products which 
showed typical gossypol-antim ony trichloride absorption curves 
were obtained, as shown in T able II .

T hus it  has been possible to  apply absolute criteria for the 
establishm ent of the  specificity (4,15) of th e  antim ony trichloride 
reaction for gossypol in  cottonseed extracts. I t  is evident that 
any concurrent reactions of antim ony trichloride to  form colored 
products w ith extractable components of cottonseed o ther than 
gossypol would a lter the shape of the curve and  thus change the 
values of the ratios. In  the absence of such interfering reac­
tions the absorption serves as a  direct m easure of the gossypol 
concentration in the extracts.

A N T IM O N Y  TRICHLORIDE REACTION APPLIED TO  C O TTO N ­
SEED EXTRACTS

The complete absorption curves, in the region of 370 
to  600 mp, of freshly prepared m ixtures of chloroform 

•extracts, and  of chloroform solutions of e ther extracts, 
-of m any cottonseeds w ith antim ony trichloride are 
alm ost identical w ith  th e  absorption curve obtained 
w ith  pure gossypol and antim ony trichloride. As the 
'reaction m ixtures stand , absorption increases in the 
shorter wave-length region and  the whole character of 
the curves changes. In  order to  establish the speci­
ficity of the reaction i t  was necessary to  read the 
.spectra as soon as possible after th e  reagents were 
mixed. Therefore, only th e  absorptions a t  the critical 
wave lengths, 530, 520, 510, 500, 430, 390, 380, and 370 
mp, were determ ined and  these were read as rapidly as 
possible after the expiration of the 10-minute induction 
period. W ith  th is  procedure it  was found, as shown 
in Table II , th a t  th e  absorption spectra of fresh mix­
tures of antim ony trichloride w ith chloroform solutions 
■of bo th  chloroform and  e ther extracts of cottonseed 
are analogous to th e  gossypol-antim ony trichloride 
absorption spectrum . T he m axima and  the  minimum 
occur a t  th e  sam e wave lengths and  are of th e  same 
Telative magnitudes, as shown in Table I I .  T he spectra 
listed in the table were chosen to  illustrate both  the 
best and  w orst agreem ent of the R a  and  R b  values of 
th e  ex trac t reaction products w ith those of the pure 
gossypol reaction product. Several examples of values 
obtained from the reaction performed w ith duplicate 
samples of the  same ex tract and w ith duplicate ex­
trac ts of the same cottonseed are included. T he dupli­
cation of th e  values of E  a t  520 mp, even though the 
values of th e  ratios are no t duplicates, dem onstrates 
th a t th e  value of E  a t  520 mp is an  accurate measure 
•of th e  gossypol concentration.

Chloroform and e ther extracts of some hydraulic- 
.pressed cottonseed meals, as well as of some raw

Wove Length in mji

Figure 3. A b so rp tio n  Curves o f A n tim o n y  Trich loride Reaction Products 
with Cottonseed Extracts

1. Reaction product with chloroform extract 15 to 20 minutes after mixing reactant*
2. Reaction product with chloroform extract 24 hours after mixing reactant*
3. Reaction product with Skellysolve F extract 24 hours after mixing reactants
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Table II. A bso rp tio n  Spectrum of A n tim o n y  Trichloride Reaction 
Product w ith G ossypol in Cottonseed Extracts

C o t to n s e e d E x t r a c t i o n E  a t  5 2 0  iDfi P e r  C e n t
S a m p le S o lv e n t Ra Rb p e r  G r a m G o s s y p o l

C -7 7 - I C H C l j 1 .9 3 1 .0 0 5 6 .2 « 0 .8 5 8
C H C l j 2 . 0 7 1 .0 7 5 6 . 2 “ 0 .8 5 8

C - 7 7 - V I I C H C l j 1 .5 9 0 . 9 0 6 4 . 8 0 .9 9 1

C - 7 7 - I X
( C i H j ) j O
C H C la

2 .2 1
2 . 0 0

1 .1 3
1 .1 3

6 5 . 5
6 6 .3

1 .0 0
1 .0 1

2 0 5 e ‘
( C î H b) i O 2 . 1 4 1 .1 8 6 6 .3 1 .0 1
C H C 1» 1 .8 4 1 .1 0 2 2 . 5 0 .3 4 4

P C - C - 7 7 - V I I a c
(C jH j )s O
C H C l j

1 .7 1
1 .2 3

0 . 9 5
0 . 9 2

2 2 . 5
1 5 .1

0 .3 4 4
0 .2 3 5

P C - 7 ' C H C l j 1 .7 8 1 .0 4 3 2 .1 0 .4 8 1
2 0 5 a  >> C H C l j 1 .9 8 1 .1 5 8 4 .2 1 .2 9
P C -9 » C H C l j 1 .9 4 1 .1 2 7 0 . 0 1 .0 7
1 05b C H C l j 2 . 0 4 1 .1 7 6 7 .2 1 .0 3
C -7 8 C H C l j 2 . 2 9 1 .1 9 4 5 .2 0 .6 8 1
« D u p l i c a t e  t e s t s  o f  s a m e  e x t r a c t .
t  H a w  c o t to n s e e d s  c o n ta i n e d  c o n s id e r a b l e  q u a n t i t i e s  o f  o r a n g e - c o lo r e d  

p ig m e n t ,  s o  t h a t  c h lo r o f o r m  s o lu t io n s  w e r e  t r e a t e d  w i th  c o n c e n t r a t e d  h y ­
d r o c h lo r ic  a c id  p r io r  t o  r e a c t io n  w i th  a n t i m o n y  t r i c h lo r id e .  

c H y d r a u l i c - p r e s s e d  m e a ls  t r e a t e d  a s  in  b.

Fortunately, w hether because of compensation or a  slower 
development of interference a t  th is point, w ithin 10 m inutes of 
mixing the antim ony trichloride solution w ith the ex tract the 
absorption a t  520 m/r increases to  a  value which rem ains constant 
for a  considerable period of time, ranging from 24 hours for some 
extracts to  a  minim um  of 30 m inutes for th e  least stable of a 
series of 117 extracts of 64 different raw cottonseeds and meals 
examined. Therefore, th e  value of the extinction a t  520 m/i of 
the antim ony trichloride reaction products w ith  chloroform solu­
tions of ether or chloroform extracts of cottonseed, or w ith acid- 
treated chloroform solutions of e ther or chloroform extracts 
of hydraulic-pressed cottonseed meals determ ined w ithin 10 to 
40 m inutes a fter the reagents are mixed, is a  true  measure of the 
gossypol content of the extract.

As is shown in Table I I I , th e  addition  of m easured am ounts of 
pure gossypol to  cottonseed extracts produces increases in  the 
extinction a t  520 m/i of the  reaction product w ith  antim ony tr i­
chloride which are quantita tively  proportional to th e  am ount of 
pure gossypol added. The values shown in  Table I I I  establish 
the precision of the m ethod. W hen conducted as described, the 
antimony trichloride reaction m ethod perm its th e  determ ination 
of the gossypol content of e ther and  chloroform extracts of cot­
tonseed and of hydraulic-pressed cottonseed meals w ith a  du- 
plieability w ithin — 1% of the  to ta l gossypol concentration of the 
extracts. This is the lim it of precision of the spectrophotom eter 
as it  is used in  th e  test.

Absorption spectra curves of antim ony trichloride reaction 
products w ith  cottonseed oils or Skellysolve F  extracts differ 
markedly from th a t  of the gossypol-antim ony trichloride reac­
tion product. As shown in curve 3 of Figure 3, when th e  an ti­
mony trichloride reaction product of such an  ex tract has stood 
for some tim e, well-defined absorption maxima a t  380, 450, and 
480 to  490 m/t develop. T reatm en t of chloroform solutions of 
the oils or Skellysolve F  extracts w ith concentrated hydrochloric 
acid prior to  reaction w ith antim ony trichloride causes th e  for­
mation of pink reaction products. T he absorption spectra curves 
no longer exhibit a  maximum a t 450 m¡i and  absorption a t  510 to 
520 m/i is increased, b u t absorption a t  390 and  490 m/i remains 
high, so th a t  th e  absorption curves only very slightly resemble the 
gossypol-antim ony trichloride absorption curve. These obser­
vations indicate the  presence of th e  orange-colored pigm ent in 
cottonseed oils and Skellysolve F  extracts. T hey indicate fur­
ther, however, th a t  th e  orange-colored pigm ent occurs in such 
relatively small am ounts th a t  even when i t  has been converted 
to gossypol by th e  action of hydrochloric acid, the gossypol- 
antimony trichloride reaction is m asked by the reaction of the 
preponderant interfering pigm ents. Chloroform and  ether ex­
tracts of nondefatted cottonseed evidently contain some of this 
interfering substance, b u t in m uch lower relative concentrations, 
so th a t  its  only effect is to  reduce th e  stab ility  of the spectro- 
photometric test.

Since it  has been possible to .estab lish  th e  specificity of th e  
antim ony trichloride reaction for gossypol in  extracts prepared 
from 64 different samples of raw  cottonseed and  hydraulic-pressed 
cottonseed meal, th e  valid ity  of th e  m ethod can be considered 
to  be established beyond reasonable doubt. Consequently, it  
appears superfluous to  m ake a  S3rstem atic comparison of the  
present m ethod w ith  o ther m ethods for the determ ination o f 
gossypol.

T he spectrophotom etric m ethod for the determ ination o f 
gossypol proposed by Lym an, H olland, and Hale (8) suffers from 
the disadvantage th a t  th e  dianilinogossypol absorption curve on 
which the m ethod is based exhibits only one maximum in the  
visible region. Because of th is lim itation, the au thors are able 
to  sta te  concerning the specificity of their m ethod only th a t 
“ there appears to  be no source of error due to o ther pigm ents 
present in cottonseed m eal” , and " if  there are o ther substances 
besides gossypol in cottonseed m eal which give color w ith aniline, 
these substances m ust be closely related to  gossypol” . W hen 
various cottonseed extracts are trea ted  w ith th e  carbonyl re­
agent, dinitrophenylhydrazine, the absorption spectra of th e  
reaction m ixtures indicate th a t  carbonyl compounds o ther than
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Figure 4. A b so rp tio n  Curves of 2 ,4 -D in itrop h e n y l- 
hydrazine Reaction Products w ith Cottonseed 

Components
1. 2,4-Dinitrophenylhydrazone of orange-colored pigment of

cottonseed
2. 2,4-DinitrophenyIhydraxone of gossypol
3. 2,4~Dinitrophenylhydrazine reaction product with chloroform

extract of cottonseed

Table III. Determination o f Gossypol A d d e d  to Cottonseed Extracts
P u r e T o t a l

S a m p le  o f G o s s y p o l G o s s y p o l G o s s y p o l  
in  F i n a l

R e c o v e r y
S e e d  o r  M e a l in A d d e d  to G o s s y p o l o f

E x t r a c t e d E x t r a c t E x t r a c t M ix t u r e F o u n d G o s s y p o l
G./100 ml. G ./I00 ml. Q ./100 ml. G./100 ml. %

2 0 2 a 0 .0 0 2 0 8 0 .0 0 4 1 6 0 .0 0 6 2 4 0 .0 0 6 3 1 1 0 1 .0
P C -1 0 .0 0 5 1 6 0 .0 0 0 7 4 0 .0 0 5 9 0 0 .0 0 5 9 9 1 0 1 .5

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

C -1 0 1
0 .0 0 1 8 4 0 .0 0 3 2 3 0 .0 0 5 0 7 0 .0 0 5 0 8 1 0 0 .2
0 .0 0 1 8 4 0 .0 0 5 8 0 0 .0 0 7 7 0 0 .0 0 7 6 0 9 8 . 7
0 .0 0 3 6 8 0 .0 0 4 3 9 0 .0 0 8 0 7 0 .0 0 7 6 4 9 4 .7
0 .0 0 4 6 0 0 .0 0 3 6 8 0 .0 0 8 2 6 0 .0 0 8 1 2 9 8 . 3
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gossypol and the orange-colored pigm ent occur in the cottonseed 
extracts. If  these carbonyl compounds also react w ith aniline, 
as predicted by Lym an, Holland, and  H ale (8), they  will in ter­
fere in th e  aniline-spectrophotom etric m ethod for gossypol when­
ever they  occur in cottonseed extracts. Consequently, no direct 
comparison of the two spectrophotom etric m ethods was made.

Experience w ith the aniline precipitation m ethod as modified 
by H alverson and Sm ith (6) and Sm ith (13) was sim ilar to th a t 
recently reported by Lyman, Holland, and H ale (8) in th a t dupli­
ca te  analyses were obtained w ith difficulty. No a tte m p t was 
made to  confirm their observation (8) th a t  the  dianilinogossypol 
precipitates were frequently im pure. On the o ther hand, th e  
antim ony trichloride m ethod nearly always indicated a higher 
gossypol concentration in  a given ex tract th an  the aniline pre­
cip itation  m ethod. T his occurred even when th e  extracts 
contained no detectable am ounts of the  orange-colored pigment. 
In  such cases i t  seems m ost logical to conclude th a t th e  observed 
discrepancies are due to  incomplete precipitation of dianilino­
gossypol from th e  extracts. According to  a recent report (10), 
th e  addition  of an  ether solution of aniline to  an e ther solution 
of gossypol results in  th e  precipitation of a m ixture of dianilino- 
an d  tetraanilinogossypol. I f  a  similar reaction should occur 
when aniline is added to  e ther extracts of cottonseed or cotton­
seed meal, the  gossypol content of the ex tract should not be cal­
culated on the assum ption th a t  the precipitate is dianilino­
gossypol.

Table IV . Time for Complete Extraction of Gossypol from 
Cottonseed and Cottonseed M ea l

E x t r a c t i o n T im e , E  a t  5 2 0  m/x P e r  C e n t
S a m p le S o lv e n t H o u r s p e r  G r a m G o s s y p o l

C o t to n s e e d  c o n ta i n in g  n e g l ig ib le  a m o u n t s  o f  t h e  o r a n g e - c o lo r e d  p ig m t

17a C H C ls 0 . 5 1 3 .5 0 .2 0 6
C H C ls 1 2 3 . 1 0 .3 5 2
C H C ls 2 3 4 . 6 0 .5 2 8
C H C ls 2 3 4 .2 0 .5 2 3
C H C ls 24 3 6 .1 0 .5 5 2

C - 7 7 - V I I C H C ls 2 6 4 .5 0 .9 7 5
C H C ls 24 6 3 .0 0 .9 6 3

( C 2H s) 20 2 6 5 . 5 1 .0 0

C o t to n s e e d  a n d  h y d r a u i i c - p r e s s e d  m e a l  c o n ta i n in g  c o n s id e r a b l e  a m o u n t s  of 
o r a n g e - c o lo r e d  p i g m e n t 0

(C sH O sO 2 1 1 .7 0 .1 7 9
C H C ls 2 1 2 .4 0 .1 8 9
C H C ls 24 1 5 .1 0 .2 3 5
C H C ls 4S 1 5 .1 0 .2 3 5

(C sH sH O 2 1 6 .8 0 .2 5 7
C H C ls 2 1 7 .3 0 .2 6 4
C H C ls 24 2 2 . 5 0 .3 4 4

(C j I I* )20 2 4 2 2 . 5 0 .3 4 4
C H C ls 4 8 2 2 . 8 0 .3 4 8

°  A ll C H C ls  s o lu t io n s  o f  e x t r a c t s  t r e a t e d  w i th  c o n c e n t r a t e d  H C 1  p r io r  to  
r e a c t io n  w i th  S b C ls .

EXTRACTION OF GOSSYPOL FR O M  COTTONSEED

W ith a  rapid  and  accurate m ethod available for the determ ina­
tion  of gossypol in  cottonseed extracts, the accurate deter­
m ination of gossypol in  cottonseed requires only a  reliable and 
convenient m ethod for extracting gossypol from the seed.

I t  has been reported  th a t bo th  th e  duration of extraction and 
type of extraction apparatus, as well as the m oisture content of 
the seed or hydrauiic-pressed meal, affect th e  am ount of gossy­
pol extracted. M ost investigators (5-8, 11-13) recommend 
exhaustive extraction, usually in an  apparatus of the  reflux type 
which is designed for thorough rinsing of the substance from 
which soluble m aterial is extracted. A pparatus of the reflux 
type m ust be used when the  seed or meal is to  be freed entirely 
from gossypol, or when, as is th e  case in the  use of gravimetric 
methods, a  large am ount of gossypol is required for th e  deter­
m ination. On th e  o ther hand, a  simple equilibration can be 
used effectively when th e  concentration of extractable gossypol 
in the seed or meal is to  be determ ined by means of th e  sensi­
tive spectrophotom etric m ethod. The conditions for adequate

Table V .  Equivalence o f Equilibration and Butt Extraction wifh
Ether

C o t to n ­ T im e  o f E  a t  5 2 0  mu
s e e d K i n d  o f  E x t r a c t io n , p e r  G r a m  P e r  C e n t

S a m p le 0 E x t r a c t io n H o u r s Ra Rb S e e d G o ssy p o l

C - 7 7 - V I I I E q u i l i b r a t i o n 2 1 .9 7 1 .0 3 6 1 . 9 0 .9 4 5
E q u i l i b r a t i o n , 2 4 2 . 1 5 1 .1 6 6 4 . 6 0 .9 8 6
E q u i l i b r a t i o n 7 2 1 .9 0 1 .0 4 6 2 . 8 0 .9 6 0
B u t t 2 4 2 . 0 5 1 .2 3 6 8 . 8 1 .0 5
B u t t 72 1 .9 5 1 .0 3 6 8 . 8 1 .0 5

C - 7 7 - I X E q u i l i b r a t i o n 2 4 2 . 0 3 1 .1 6 6 0 .3 0 .9 2 2
B u t t 2 4 2 .0 3 1 .1 9 6 2 .9 0 .9 6 0
E q u i l i b r a t i o n  & 2 2 . 0 0 1 .1 3 6 6 .3 1 .0 1 2
E q u i l i b r a t i o n 2 2 . 1 4 1 .1 8 6 6 .3 1 .0 1 2

* B o t h s e r ie s  o f  c o t t o n s e e d  s a m p le s  c o n ta i n e d  n e g l ig ib le  a m o u n t s  of
o r a n g e - c o lo r e d  p i g m e n t .  _

& S o l v e n t  o f  e q u i l i b r a t i o n  w a s  c h lo r o f o rm .

equilibration can be ascertained by determ ining w hat volume of 
solvent and  w hat contact tim e m ust be employed, so th a t an 
increase in the proportion of solvent o r in  the  tim e of contact 
produces no increase in  th e  concentration of gossypol in solution. 
An aliquot portion of an ex tract obtained under these conditions 
can be used directly in the spectrophotom etric m ethod for deter­
mining th e  concentration of extractable gossypol in  the seed.

As is shown in Table IV, complete extraction of gossypol from 
ground cottonseed m eats or hydrauiic-pressed m eal by  equilibra­
tion w ith  chloroform requires 2 hours when th e  seed contains 
negligible am ounts of the orange-colored pigm ent, and  24 hours 
when the  seed or meal contains a  considerable concentration of 
this pigm ent.

T h a t diethyl ether and chloroform ex tract equal am ounts of 
the pigm ents is dem onstrated in Tables II , IV, VI, and  VIII. 
M urty, M urty , and  Seshadri (9) also have reported  the equiva­
lence of ether and chloroform for the extraction of gossypol.

In  order to  confirm the equivalence of simple equilibration 
and exhaustive extraction, direct comparisons of extracts of 
replicate samples of the same seeds were m ade (Table V).

The results of experiments to determ ine th e  effect of moisture 
on th e  extraction of free gossypol by chloroform and ether are 
shown in Table VI. These data  show, in  agreem ent w ith the 
recent report of M urty , M urty, and  Seshadri (9), th a t  moisture 
does no t play an  im portant role unless i t  is very low, as in the 
case of desiccated seed, or so high as to  interfere w ith the “ wet­
ting" of the seed by chloroform. H alverson and Sm ith (7) 
and Lyman, Holland, and H ale (8) observed th a t  continued 
extraction of wet hydrauiic-pressed cottonseed m eal by w et ether 
a t  elevated tem peratures gives increased am ounts of gossypol. 
T hey a ttribu ted  their results to  the absence of a sharp boundary 
between “ free” and  "bound” gossypol in cottonseed meal. In 
view of the results obtained w ith raw  cottonseed, i t  is more prob­
able th a t the extraction m ethods employed by these investigators 
cause the liberation of some of th e  bound gossypol. Conse­
quently, for the extraction of free gossypol from cottonseed meal 
the present au thors have employed only th e  mild conditions of 
extraction found adequate for the  extraction of free gossypol 
from raw cottonseed.

I t  is apparen t from Table V II th a t  proportions of chloroform 
to seed varying from 25 to  125 ml. per gram afford complete ex­
traction  of gossypol. Consequently, the spectrophotometric 
m ethod can be used for accurate determ ination of th e  gossypol 
content of seeds of widely varying gossypol content.

In  contrast w ith the  consistent results obtained by the equili­
bration  of ground cottonseed kernels and  of hydrauiic-pressed 
meal w ith chloroform and e ther shown in th e  preceding tables 
and in  Table V III, very erratic results were obtained when the 
seed was first defatted  by extraction w ith Skellysolve F . As is 
shown in T able V III, extraction of gossypol from defatted  seed 
was erratic regardless of th e  natu re  of the  solvent or of the 
m oisture content of th e  seed. Moreover, despite published re­
ports th a t no gossypol can be detected in Skellysolve F  extracts
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(3, 7, 17/), i t  was found, as is shown in Table V III, th a t the 
indicated gossypol content of Skellysolve F -d e fa tted  seed is al­
most invariably less than  th a t of the nondefatted seed. In  view 
of these facts, i t  is apparen t th a t accurate gossypol determ inations 
can be obtained only by th e  direct extraction of nondcfatted seed 
with ether or chloroform.

PROCEDURE FOR D ETER M IN ATIO N  O F EXTRACTABLE GOSSYPOL OF  
COTTONSEED A N D  COTTONSEED M E A L

R e a g e n t s . T he chloroform and acetic anhydride should be 
c.p . grade and  the antim ony trichloride should be anhydrous, c .p . 
grade.

T he sa tu ra ted  chloroform solution of antim ony trichloride is 
prepared as follows: W ash about 30 gram s of finely ground an ti­
mony trichloride w ith a  small volum e of chloroform. Add 100 ml. 
of chloroform to  the washed crystals, w arm  th e  suspension, shake 
it vigorously, and allow i t  to  cool to  room tem perature.

The gossypol used for th e  standard ization  should be purified as 
previously described (1 ,2 ) .

P r o c e d u r e . A m easured volum e of chloroform is added to  a 
weighed sam ple of ground cottonseed kernels or meal. (For the 
extraction of raw cottonseed of th e  usual range of gossypol con­
tent, 25 ml. of chloroform to  0.25 gram  of ground kernels pro­
duce an  ex trac t which can be used directly  in the antim ony tr i 
chloride te s t w ithout dilution. F or m ost hydraulic-pressed 
meals a larger proportion of m eal to chloroform m ust be used.) 
The flask is stoppered and  the m ixture is allowed to  stand, w ith 
occasional shaking, for 24 hours. A sam ple of th e  ex trac t is 
withdrawn from the equilibration m ixture in a  m anner which 
prevents evaporation  and filters the ex trac t—e.g., by covering 
the tip  of a  p ipet w ith co tton  or by a ttach ing  an inverted  sin- 
tered-glass suction funnel to  the end of a  p ipet. T he sam ple is 
then shaken vigorously w ith  concentrated hydrochloric acid, 
about 10 drops per 5 ml. of extract, and  the m ixture is allowed to 
stand for 24 hours.

One m illiliter of th e  ex trac t is transferred  to  a  glass-stoppered 
absorption cell by  m eans of a  p ipet. One drop of acetic anhy­
dride and  5 ml. of a  sa tu ra ted  chloroform solution of antim ony 
trichloride are  introduced in to  th e  absorption cell and the mix­
ture is thoroughly agitated .

W ithin 10 to  40 m inutes after the reagents are mixed, the 
transmission of the  te s t solution a t  520 m p  is read against th a t  of 
a blank consisting of 1 ml. of chloroform, 1 drop of acetic anhy­
dride, and  5 ml. of a  sa tu ra ted  chloroform solution of antim ony 
trichloride.

The concentration of gossypol in th e  original seed or meal is 
calculated by m eans of th e  following equation:

%  gossypol = log h / I  X V /W  
7?i% gossypol

Log Ip /I  is the extinction a t  520 m p  of the gossypol-antim ony 
trichloride tes t solution. 70 is th e  transm ission of the antim ony 
trichloride reagent b lank a t 520 nm. I  is the transm ission of the 
gossypol-antim ony trichloride tes t solution a t  520 mp. V  is the 
volume of solvent used in the extraction of the seed. W  is the 
weight of cottonseed extracted. E 1% gossypol is the extinction 
coefficientat 510 to 520 mu, as previously defined, calculated for 
1% gossypol in the original solution before reaction w ith an ti­
mony trichloride. W ith th e  absorption cells used in  th e  Coleman 
double m onochrom ator spectrophotom eter 2̂ - CIn =  65.5 =*=1.9.

Table V I. Effect of M oisture on Extraction of G o ssy p o l from 
C ottonseed

T r e a t m e n t  o f  
G r o u n d  M e a t s '1 

N o n e
H jO  a d d e d  
N o n e
H 2O  a d d e d  
N o n e  
D r ie d ®
D r i e d  c 
D r i e d  c 
D r i e d  c 
D r ie d *
D r ie d  *
W e t /

■“ O r ig in a l  m e a t s  c o n ta i n e d  8 .5 1 %  m o is tu r e .
6 S e d im e n t  o b s e r v e d  i n  f i l te r e d  e x t r a c t .  
c D r i e d  i n  d e s ic c a to r  t o  3 .1 2 %  m o is tu r e .  
d E t h e r  c o n ta in e d  1 %  H jO  a n d  2 .5 %  C 2H $ O H .
* D r i e d  a s  in  c , t h e n  e x p o s e d  t o  m o is t  a i r  f o r  2 4  h o u r s .  F i n a l  m e a t s  c o n ­

ta in e d  7 .5 7 %  m o is tu r e .
/  D r i e d  a s  i n  e, t h e n  m o is te n e d  w i th  2  d r o p s  o f  H jO  p e r  0 .2 5  g r a m  o f  g r o u n d  

m ea ts .

E  a t  5 2 0  m/x P e r  C e n t
S o lv e n t p e r  G r a m G o s s y p o l
C H C U 6 6 . 3 1 .0 1 3
C H C la 6 1 . 0 0 .9 3 2

( C j I I O j O 6 6 .3 1 .0 1 3
( G i H i ) i O 7 0 .4 * 1 .0 7 3

C H C la 6 4 . 8 0 .9 9 0
C H C la 1 1 .3 0 .1 0 7

W e t  (C aH aH O * 6 9 . 5 1 .0 6 1
W e t  (C sH .H O rf 6 5 .3 0 .9 9 8
W e t  (C ? H .) 20<* 6 7 . 0 1 .0 2 2(CaH.nO 6 2 . 9 0 .9 6 1

C H C la 6 2 .9 0 .9 6 1(Caii.no 6 5 .2 0 .9 9 6

Table V II. Effect of V ariation in Ratio of V o lu m e of Extraction
Solvent to  W eight of C ottonseed

C o t to n s e e d M l.  o f  C H C la  p e r E  a t  5 2 0  m/n P e r  C e n t
S a m p le G r a m  o f  M e a t s p e r  G r a m G o s s y p o l

C - 7 7 - V I I I 2 5 6 2 . 0 0 .9 4 7
5 0 6 1 . 0 0 .9 3 2

1 2 5 6 2 . 0 0 .9 4 7
C - 7 7 - V I I 2 5 6 3 .6 0 .9 7 1

5 0 6 3 . 0 0 .9 6 2
C - 7 7 - I X 2 5 6 6 .3 1 .0 1

100 6 4 . 8 0 .9 9 0
2 0 5 e 5 0 2 2 . 8 0 . 3 4 8

10 0 2 2 . 9 0 .3 5 0

Tabic V III. Extraction of G ossypol from D efatted and N o n d efatted  
C ottonseed M eats

T r e a t ­
m e n t  of 
G r o u n d
M e a t s  P e r

C o t to n -  P r i o r  t o  C e n t  E q u i l i b r u -  E  a t  5 2 0
s e e d  E q u i l i -  M o is -  t io n  S o l-  m /i p e r  P e r  C e n t

S a m p le  b r a t i o n  t u r e  v e n t  Ha Hb G r a i n 0 G o s s y p o l

C - 7 7 - V I I  N o n e  8 . 7 0  (C = H 5)20  2 .2 1  1 .1 3  6 5 . 5  1 .0 0
N o n e  8 . 7 0  C H C la  1 .5 9  0 . 9 0  6 4 . 8  0 .9 9 1
N o n e  8 . 7 0  C H C l j  1 .9 0  1 .0 1  6 4 . 5  0 .9 8 5
N o n e  8 . 7 0  C H C la  1 .9 2  1 .1 0  6 4 . 5  0 .9 8 5
D e f a t t e d  1 2 .2 9  C H C U  1 .5 7  1 .0 1  3 0 . 6  0 .4 6 7
D e f a t t e d  1 2 .2 9  C H C U  1 .7 0  0 . 9 7  5 8 . 5  0 .8 9 3
D e f a t t e d  1 2 .2 9  C H C U  1 .8 3  0 . 9 8  3 9 . 1  0 .5 9 7
D e f a t t e d  1 2 .2 9  C H C U  2 . 1 4  1 .1 9  3 9 . 2  0 .5 9 8
D e f a t t e d  C H C U  1 .8 6  1 .1 9  3 6 .1  0 .5 5 2

c 1 2 .2 9  C H C U  1 .8 1  1 .1 3  4 3 . 2  0 .6 6 0
D e f a t t e d  1 2 .2 9  (C 2H 6) 20  2 . 1 0  1 .1 1  3 9 . 2  0 . 5 9 8
D e f a t t e d  1 2 .2 9  ( C 2H »)20<* 2 . 3 0  1 .1 2  3 8 . 1  0 .5 8 2

C - 7 7 - V I I I  N o n e  7 . 1 7  C H C U  2 . 0 4  1 .1 0  6 1 . 0  0 .9 3 2
N o n e  7 . 1 7  C H C U  1 .8 5  0 . 9 9  6 2 . 0  0 .9 4 7
N o n e  7 . 1 7  C H C U  1 .9 4  1 .0 3  6 1 . 0  0 .9 3 2
D e f a t t e d  .................  C H C U  1 .9 7  1 .0 3  6 1 . 9  0 .9 4 5
D e f a t t e d  .................  C H C U  1 .8 9  1 .0 9  4 6 . 8  0 .7 1 6
D e f a t t e d  .................. C H C U  1 .8 1  1 .0 7  4 6 . 2  0 .7 1 0

C - 7 7 - I X  N o n e  8 .5 1  C H C U  2 . 0 0  1 .1 3  6 6 . 3  1 .0 1
N o n e  8 . 5 1  (C 2H 4) 20  2 . 1 4  1 .1 8  6 6 . 3  1 .0 1
N o n e  8 .5 1  C H C U  2 . 0 7  1 .1 0  6 4 . 8  0 .9 9 1
D e f a t t e d  1 2 .5 0  C H C U  1 .7 9  1 .0 7  4 2 . 5  0 . 6 4 8

C -1 0 5 b  N o n e    C H C U  2 . 0 4  1 .1 7  6 7 . 2  1 .0 2 7
D e f a t t e d  .................. C H C U  1 .8 2  1 .0 9  4 1 . 7  0 .6 3 7

C - 7 8  N o n e    C H C U  2 . 2 9  1 .1 9  4 5 . 2  0 .6 9 0
D e f a t t e d  .................. C H C U  1 .8 0  1 .1 3  2 3 . 4  0 .3 5 7

°  C a l c u l a t e d  o n  b a s i s  o f  m e a t s  b e fo r e  d e f a t t i n g .
& F i v e  d r o p s  H 20  a d d e d  t o  0 .5  g r a m  o f  d e f a t t e d  m e a ts .  
c F i v e  d r o p s  r e f in e d  c o t t o n s e e d  o i l  a d d e d  t o  0 .5  g r a i n  o f d e f a t t e d  m e a t s  
d E t h e r  c o n ta i n in g  1 %  H jO , 2 .5 %  C jH & O H .

S U M M A R Y

T he reaction of gossypol w ith antim ony trichloride in chloro- 
form produces a soluble red  product having a  characteristic ab ­
sorption curve in  the visible and near u ltraviolet region of the 
spectrum . The absorption curve exhibits a broad, stable m axi­
m um  a t 510 to  520 m p. T he extinction a t  th is absorption maxi­
m um  is proportional to th e  concentration of gossypol.

The antim ony trichloride reaction is specific for gossypol in 
e ther and  chloroform extracts of cottonseed and th e  reaction 
product is sufficiently stable to  perm it th e  accurate determ ination 
of the gossypol concentration of such extracts by means of the 
spectrophotom eter.

T he gossypol-antim ony trichloride reaction has been used as a 
m eans for determ ining th e  optim um  conditions for the extraction 
of free gossypol from cottonseed. Chloroform and e ther ex tract 
equal am ounts of gossypol. Equilibration of m eats and solvent 
for 24 hours is adequate for complete solution of extractable gossy­
pol. M oisture is an  im portan t factor in the extraction of gossy­
pol only in  the  case of very dry  seeds. T he proportions of 
solvent to  m eats m ay be varied w ithin wide limits.

A rapid, direct m ethod for the determ ination of “ free” gossy­
pol in cottonseed has been reported in which th e  gossypol is ex­
trac ted  by equilibrating ground cottonseed and  chloroform. 
T he ex trac t is treated  w ith concentrated hydrochloric acid and 
th e  antim ony trichloride reaction is applied directly to  th e  treated  
extract.

T he m ethod has been shown to  be applicable to the determ ina­
tion of th e  free gossypol content of hydraulic-pressed meal in 
which gossypol occurs to a large extent in the  form of an orange-
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colored pigm ent which is no t precip itated  by aniline b u t is readily 
converted to  gossypol.
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Determination o f Thiamine by the Thiochrome M e th o d

Effects o f Temperature and Dissolved O xygen on Fluorescence 
o f Q u in ine  Standard and o f Thiochrome

D O N A L D  F. C L A U S E N 1 AN D  R A Y  E. B R O W N , International M illing  C om pany, M in n eap o lis, M in n .

The effect of dissolved o x ygen and changes in tem perature upon 

the quinine standard used in the thiochrom e reaction and upon 

thiochrom e solutions is large enough to warrant an attem pt to  control 

these variables. Tem perature effects can b e  m inim ized b y  the use 

of a water bath to  k e ep  the quinine at a standard tem perature. The 

effect p ro bably  do es not alter the thiochrom e fluorescence very 

much if the room  tem perature d o es not vary greatly. O x y g e n  

effects can b e  minimized b y  controlling the tem perature of the 

quinine so that no dissolved air is lost, or b y  the use of glass stand­

ards. Because of the shaking operation the oxygen content of 

thiochrom e solutions is p ro b ab ly  a constant factor. Since several 

ty p es of instruments used to  m easure fluorescence will gradually 

heat up the cuvette cham ber, the quinine standard should not be 

left in the instruments.

IT  HAS long been apparen t to m any analysts th a t  th e  thio­
chrome m ethod of assaying the thiam ine con ten t of bio­

logical and  o ther products is occasionally subject to unexplained 
sources or error th a t appear and disappear in an erratic  m anner. 
U sually these errors lim it the accuracy of the m ethod to  from 
± 5 %  to =*=10% (5), b u t they m ay be considerably larger, as has 
occasionally been observed in  th is laboratory. While engaged 
in  an a ttem p t to  run  down some of these sources of error the au ­
thors became suspicious of the accuracy of their quinine standard . 
T he order in  which sam ples of thiam ine were oxidized and  read 
against th e  quinine standards appeared to  affect the results. I f  
a  sample of m aterial was assayed twice on any  given day, 
and  if several hours elapsed betw een the two oxidations, the 
last result was the higher if the sam e quinine standard  was used 
for both  oxidations. T his phenom enon m ade i t  appear as if the 
quinine exhibited less fluorescence the longer it  was used on any 
given day. T he au thors had  been using fresh daily aliquots of 
the standard , kep t a t  about 6° C. when no t in  use.

According to Vavilov’s equations (6) the fluorescence of a 
substance in solution is a  function of the absolute tem perature, 
o ther variables being constant. Vavilov also dem onstrates the 
quenching of fluorescence by  foreign molecules in the fluorescing 
solution. H e divides quenching into two types (IS): quenching 
by  redistribution of the absorbed rad ian t energy among the

> P r e s e n t  a d d r e s s ,  D e p a r t m e n t  o f  P h y s io lo g ic a l  C h e m is t r y ,  U n i v e r s i t y  
o f  M in n e s o t a ,  M in n e a p o l i s ,  M in n .

degrees of freedom of the fluorescence molecule itself and col­
lisions of th e  second type, which m ay or m ay  n o t involve a  chem­
ical reaction. A consideration of Vavilov's work, together with 
the observations m entioned above, led to the conclusion th a t the 
possible effects of tem perature and  quenchers on th e  fluorescence 
of quinine and thiochrom e should be investigated.

Quenching by  redistribution  of energy am ong the molecules 
of the fluorophor, if i t  occurs in the quinine standards and in 
concentrations of thiochrom e usually  used in the thiochrome 
m ethod, would appear to be a  constant factor, a t  least for quinine. 
T he only possibilities for quenching by  foreign molecules lie in 
the presence of dissolved atm ospheric gases in  bo th  quinine and 
thiochrom e solutions, of potassium  chloride, sodium sulfate, water 
alkali, or ferrieyanide in  the thiochrom e solution, and  of sulfuric 
acid in the quinine solution. T he quenching effect of dissolved 
oxygen was noted by  W eil-M alherbe and Weiss (14), who found 
th a t oxygen a t  one atm osphere of pressure quenched thiochrome 
fluorescence in isobutyl alcohol 27.5%  and  quinine sulfate fluores­
cence in  0.1 N ' sulfuric acid 17.5%  when bo th  substances were 
examined in a  concentration of 10 mg. per liter. T he quenching 
ab ility  of electrolytes has been intensively studied by Stoughton 
and Rollefson (9, 10, 11), who found the chloride ion to be a 
strong quencher for quinine.

T he fluorescence of quinine is profoundly affected by the 
presence of acid. I t  changes in color from blue to violet from 
pH  3.8 to 4.5 U) and  decreases to  zero a t  pH  9 (S). A t pH 2 
the fluorescence is proportional to the concentration of quinine 
and a t  pH  3 is a  logarithmic function of concentration (£). 
Changes in pH  change the fluorescence spectrum  of quinine 
sulfate (7). I t  has also been reported  (1) th a t  the spectral line 
of fluorophors is changed by changes in tem perature.

PROCEDURE

Three aliquots of th e  quinine standard  (0.3 microgram per ml. 
of 0.1 Ar sulfuric acid) and  three aliquots of thiam ine oxidized to 
thiochrom e (1.0 microgram thiam ine aliquots oxidized to  thio­
chrome and dissolved in 18-ml. aliquots of isobutanol) were placed 
in glass cuvettes. T he cuvettes were stoppered and  the thio­
chrome cuvettes were covered w ith m etal covers to  exclude light. 
Two sets of each series were connected to  manifolds. Oxygen 
was blown through one set for 15 m inutes and nitrogen was blown 
through the  other set for th e  same length of tim e. Volume 
changes from th e  blowing were prevented by first saturating  the 
gases w ith w ater vapor (quinine samples) or isobutyl alcohol (thio­
chrome sam ples). T he th ird  set of each series was left intact
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(no added gas). All the cuvettes were placed in a  w ater b a th  
at about 6° C. A nother quinine standard  was heated to  35° C. 
in a w ater b a th  and  bubbles of expelled air were removed. I t  
was m aintained a t  th is tem perature  by the w ater b a th  and used 
as a  reference standard . T he series of quinine and thiochrom e 
solutions were read a t  various tem peratures from 6° to  50° C. 
and the galvanom eter readings they  produced in a  fluorometer 
were recorded.

A sam ple of quinine was taken  from the refrigerator a t  about 
6° C. and  placed in the instrum ent. T he instrum ent was turned 
on and tem perature readings were taken  a t  short intervals for 
2 hours. The resulting curve is shown in Figure 2. In  2 hours 
th e  solution warmed up to  35° C. A sim ilar curve was run  
on ano ther type of fluorometer in which th e  cuvette chamber 
is separate from the light source. T his sam ple was taken  a t  
room tem perature  and th e  curve is also shown in Figure 2.

A comparison of Figure 2 w ith Figure 1 m akes it  clear th a t  the 
quinine standard  should no t be left in  e ither type of instrum ent. 
One instrum ent in a  2-hour period can raise the tem perature  of 
the quinine standard  to 35° C.

If  th e  quinine standard  is taken  from a refrigerator a t  6° C. 
and used im m ediately, setting  the instrum ent a t  a  galvanom eter 
reading of 80 w ith it. and if it  is allowed to  w arm  up to  35 “ C. 
in the machine while in use, the variable resistances in th e  
fluorometer will have to  be changed in an  am ount corresponding 
to  a  galvanom eter deflection of 8.75 units to  keep th e  quinine 
reading a t  80 units. T his is obvious from Figure 1 (curve for 
quinine, no added gas), since a  tem perature  rise of 6° to  35 ° C. 
will cause th e  galvanom eter deflection of the quinine to  drop 
from 80.75 to  72.0 units, a  difference of 8.75 units. T his can 
cause errors of 10.9% in the determ ination of an  unknown. 
Since th e  more probable variations in tem perature of the quinine 
solution would perhaps involve only a  10“ variation , th e  more 
common errors caused by tem perature changes m ay well lie in 
the neighborhood of 3 galvanom eter units if the galvanom eter 
readings are  m ade in th e  neighborhood of 80 units. T his would 
introduce errors of the  order of 4% . N o errors will be introduced 
from tem perature  variations, provided b o th  quinine and  th io­
chrome solutions are read a t  the same tem perature. I t  is ap ­
paren t th a t  for best results bo th  th e  quinine standard  and thio­
chrome solutions should be m aintained a t  the same constant tem ­
perature w ithin ± 2 °  or 3° C.

Figure 1. Q uenching Effect o f Temperature upon 
Q u in in e  Sulfate and Thiochrome 

0.3 *ig. o f quinine sulfate per ml. of 0.1 W H iS O r. 1.0 /*g. of 
thiamine oxidized to thiochrome and dissolved In 18 ml. of 

isobutanol

T he results are shown in Figure 1. Clearly, w ithin the tem ­
perature range studied, the fluorescence as measured by gal­
vanom eter deflection is a  linear function of tem perature, and 
oxygen is a strong quenching agent for both thiochrom e and 
quinine. As the solutions warmed up from 6“ C. to a  room tem­
perature of 25° C. the galvanom eter deflection varied abou t 5 
units. Since i t  is custom ary to  keep quinine solutions under 
refrigeration, i t  is clear th a t  such solutions should be warmed to  
room tem perature before use.

To m ake sure th a t  the effects noticed were no t caused by de­
composition, particularly  by decomposition of thiochrome, the 
solutions were cooled from 50 0 to  22 ° C. and readings were again 
taken on the thiochrom e solutions. These readings, shown by 
the triangle points in Figure 1, indicate th a t  no decomposition 
of thiochrome took place. A fresh sample of quinine was taken 
and read  against the standard  held a t  35“ C., then  heated to 
50“ C., cooled, and  read again. B oth readings were 90 gal­
vanometer units. T hen  th e  fresh sam ple was placed in the 
fluorometer and  allowed to  stand  in the  ultraviolet beam 
for 45 m inutes. A t th e  end of th a t  tim e i t  read 87.5 galva­
nometer units. A pparently  quinine is stable to  heat up to  50° C. 
and to the light from th e  au thors ' fluorometer.

In  th is laboratory  i t  has been custom ary to te s t the'fluorom eter 
with the quinine standard  bo th  before and a fter each reading. 
During the in terval between the readings of successive samples 
(during the  oxidations) th e  quinine is allowed to s tay  in  the 
cuvette cham ber, as the instrum ent (a Colemen M odel 12 photo- 
fluorometer) is provided w ith  a  shu tter, so th a t th e  light can be 
shut off from th e  cuvette  cham ber. I t  was decided to  find ou t if 
the quinine standard  was w arm ed by the instrum ent during the 
2-hour period i t  takes to  oxidize and read  th e  daily  run.

100
T IltE  IK  MINUTES

Figure 2. Heating of Q u in in e  Sulfate Solution in Cuvette 
by  Fluorometers

T he effect of dissolved oxygen also depends upon the tem ­
perature. T his effect is probably m ore or less constant in the 
case of the thiochrom e because of the shaking operation when 
th e  thiochrom e is extracted  w ith isobutanol, and nonexistent in 
th e  quinine standard  in cases where the tem perature  is con­
trolled in  such a  w ay th a t bubbles of dissolved gases are no t 
expelled. I t  could be elim inated by  the use of glass standards 
such as those described by  V astagh and Szegho (IS) and  Lowen- 
stein  (S). E lim ination of tem perature changes caused b y  placing 
of solutions on or near open windows, radiators, o r steam  pipes, 
and  cooling of isobutanol to room tem perature  a fter distillation 
are among th e  considerations suggested by  the d a ta  presented.

T o te s t the effect of potassium  chloride on the  thiochrom e 
fluorescence, samples were run  both  w ith and w ithout the ad­
dition of potassium  chloride. T he resulting tem peratufe-
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fluorescence curves were identical w ith those in Figure 1 for thio- 
chrome w ith no added gas. Identical curves were also obtained 
when a  sample of thiam ine was oxidized w ith twice the usual 
am ount of alkaline ferricyanide, indicating th a t reagent has no 
appreciable quenching effect beyond the am ounts necessary for 
oxidation.
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Photometric Determination o f Silica

In Condensed Steam in Presence o f Phosphates

FREDERICK G . STR AU B a n d  H IL A R Y  A .  G R A B O W S K I 

University o f Illino is , Urbana, III.

IN  R E C E N T  years m uch difficulty has been, experienced jn  
steam  power p lants because of silica deposition on turbine 

blades. As p a rt of the study  of the cause of th is difficulty, i t  be­
came necessary to have available a  rapid m ethod of analysis for 
small am ounts of silica (as low as 0.05 p.p.m .) in condensed 
steam . Since phosphate m ight also be present in the steam , it  
was necessary to determ ine the silica in the presence of phosphate.

K ahler (2) used a m ethod involving m easuring the molybdenum 
blue color developed by reducing the yellow silicomolybdate com­
plex w ith sodium sulfite a t  a  suitable pH  (pH 2.4 to  2.7 before re­
duction). T he proper ad justm ent of the pH  reduced the inter­
ference of phosphate in  the  concentrations he studied (silica be­
tween 5 and 40 p.p.m .). K ahler points ou t th a t as the acidity 
decreases above 2.7, th e  effect of the phosphate becomes negli­
gible, b u t the color developm ent when silica is present requires 
more tim e and  is accompanied by considerable color progression. 
In  order to  increase th e  sensitivity  of this m ethod for low silica 
contents, i t  was deemed advisable to  have a pH  of between 2.2 
and 2.4 before adding th e  sulfite and to change th e  concentrations 
of th e  solutions added, to  secure a  lower dilution effect. K ahler 
used 10 ml. of sample and added 20 ml. of reagent solutions, thus 
having a  final volum e th ree tim es his sample. T he modified re­
agents used were: hydrochloric acid reagent, 55 ml. of 38%  grade 
(1.19 specific gravity) plus 900 ml. of distilled w ater. Ammo­
nium  m olybdate reagent, 10 gram s of am m onium  m olybdate (re­
agent grade) plus 800 ml. of distilled w ater. Sodium sulfite re­
agent, 135 gram s of sodium sulfite (anhydrous reagent grade) 
plus 800 ml. of distilled w ater. Sodium silicate solution, 10.0 mg. 
as silica per liter. F ifty  m illiliters of sample were used for analy­
sis, and 5 ml. of hydrochloric reagent, 10 ml. of am m onium  molyb- 
date  reagent, and  10 ml. of sodium sulfite were added, giving a 
final volume of 75 ml. or 1.5 tim es the sample.

I t  was realized th a t  th is procedure m ight no t elim inate the ef­
fect of phosphate entirely, b u t i t  was though t best to  try  it, since 
the increased sensitivity  was desirable and  m ost of the samples be­
ing tested  were free from phosphate.

APPAR ATU S

A Coleman spectrophotom eter M odel 11 was used for colori­
m etric comparison of the solutions. I t  was noticed th a t  th e  tim e 
in terval elapsing between addition of th e  am m onium  m olybdate 
reagent and of the sodium sulfite reagent, as well as th e  tim e 
elapsing between addition of the sodium sulfite reagent and 
taking of the reading, had  a  m arked effect on the final reading. 
T he tim e interval between addition  of the amm onium m olybdate 
reagent and the sodium sulfite reagent was standardized a t  1

m inute. A study  was m ade of the effect of elapsed tim e between 
the addition of the sodium sulfite and  the taking of the readings 
and T able I  shows the effect of tim e on the reading. A t the end 
of 10 m inutes, the color was still changing; however, in order to 
save tim e, the readings were taken  a fter a  lapse of 5 minutes. 
The change was such th a t an  error of 30 seconds in tim e would 
produce an error of 0.5% , which was considered well w ithin the 
range of accuracy desired. T he results shown in Figure 1 were 
obtained under these conditions of testing. A 40-mm. cell was 
used for testing and comparison was m ade a t  a  wave length of 700 
millimicrons.

The results obtained showed the m ethod to  be fairly sensitive 
for silica, b u t i t  was though t th a t  a  more sensitive m ethod might 
be developed.

Schwartz (5) described a  m ethod for determ ining silica colori- 
m etrically in the presence of phosphate, in which he m ade use of 
the yellow color developed by  the yellow complex silicomolybdate 
and destroyed the phosphomolybdic acid complex by  adding 
oxalic acid. Schwartz reagents and  te s t procedure were as follows:

H ydrochloric acid reagent, 1 volum e of concentrated acid to 1 
volume of distilled w ater, 1 to  1.

Ammonium m olybdate reagent, 10.0 gram s of ammonium 
m olybdate te trah y d ra te  per 100 ml. of distilled water.

Oxalic acid reagent, 10.0 gram s of oxalic acid dihydrate per 
100 ml. of distilled w ater.

Add and mix 1 ml. of hydrochloric acid solution and 2 ml. of 
am m onium  m olybdate solution in  rapid succession to  50 ml. of 
sample. W ait 5 to 10 m inutes for full color developm ent, then 
add and mix 1.5 ml. of oxalic acid solution and determ ine color in­
tensity.

Table I. Effect o f Time on Color Developm ent In M o d ifie d  Kahler
M ethod

(2  p .p .m .  o f  S iO t in  s a m p l e  t e s t e d )

E l a p s e d  T im e  a f t e r  
A d d i t i o n  o f S u l f i te  

Min.
2
3
4
5
6
7
8 
9

10

T r a n s m i t t a n c e

%
4 4 . 3
4 3 . 3
4 3 . 0  
4 2 . 8  
4 2 . 5
4 2 . 3
4 2 . 1
4 2 . 1  
4 2 . 0
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Figure 1 gives per cent transm ittance a t  410 millimicrons for 
various concentrations of silica using 19-mm. tes t tubes. A 5- 
minute interval was used after addition of the am m onium  molyb- 
date solution before addition of the oxalic acid solution. There 
was no change in  transm ittance reading in  a period from 2 to 15 
minutes after the addition of the oxalate solution.

This m ethod elim inates the effect of tim e in taking th e  reading 
of transm ittance; however, its sensitivity  is about the same as 
the K ahler method.

A th ird  m ethod, suggested by Imhoff ( /) , was similar to the 
Schwartz m ethod w ithout th e  addition of th e  oxalic acid; how­
ever, the final solution was reduced by  means of l-am ino-2-naph- 
thol-4-sulfonic acid in sodium sulfite-bisulfite solution. This 
method would give high results in the presence of phosphate bu t 
would have a higher degree of sensitivity. B y combining the 
complete Schwartz m ethod w ith the las t step  in  the  Imhoff 
method, it  was found possible to get a  very sensitive m ethod and 
to eliminate the interference of phosphate.

The reagents and tes t procedure finally used were as follows:

H ydrochloric acid reagent, 1 volum e of concentrated acid to 
1 volume of distilled w ater, 1 to 1.

Ammonium m olybdate reagent, 10.0 gram s of ammonium 
molybdate te trahyd ra te  per 100 ml. of distilled water.

Oxalic acid reagent, 10.0 gram s of oxalic acid d ihydrate per 100 
ml. of distilled water.

l-Amino-2-naphthol-4-sulfonic acid reagent, 30 gram s of so­
dium bisulfite and 1 gram  of sodium sulfite dissolved in 200 ml. of 
distilled w ater and 0.5 gram  of l-amino-2-naphthol-4-sulfonie 
acid added. T he solution was heated  slowly until th e  last re­
agent dissolved. Care should be taken  no t to  heat solution too 
hot.

Add and  mix 1 ml. of hydrochloric acid solution and 2 ml. of 
ammonium m olybdate solution in  rap id  succession to  50 ml. of 
sample. W ait 5 m inutes, then  add  and  mix 1.5 ml. of oxalic acid 
solution, followed by 2 ml. of the l-amino-2-naphthol-4r-sulfonic 
acid. D eterm ine silica color in tensity  w ith suitable instrum ent 
at a wave length  of 700 millimicrons a fter 1 m inute.

Table II. Effect o f Phosphate on Transmittance

( U s in g  S c h w a r tz  m e t h o d  w i th  a m in o  a c id )

S iO s P O . T r a n s m i t t a n c e
P.p.m . P.p.m. %

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

0 . 2 0 8 9 . 5
0 .2 0 0 0 .3
0 . 2 0 9 0 . 0
0 . 2 0 ' S 9 . 8
0 . 2 0 9 0 . 0
0 . 2 50 8 9 . 0

0 . 5 0 7 6 . 5
0 . 5 0 7 0 . 8
0 . 5 0 7 6 . 3
0 . 5 50 7 6 . 3

1 . 0 0 6 0 . 0
1 .0 0 6 0 . 0
1 . 0 0 6 0 . 0
1 . 0 5 0 5 9 . 8

2 , 0 0 3 7 . 0
2 . 0 0 3 7 . 0
2 . 0 0 3 6 . 5
2 . 0 5 0 3 0 . 5

Tests conducted using standard  silica solutions showed no effect 
on per cent transm ittance w ith  a tim e in terval from 2 to 15 min­
utes after addition of the final reducing agent. W ith a tim e in ter­
val of only 3 m inutes a fter addition of the amm onium molybdate, 
a final color of less in tensity  was developed; however, as no 
change was determ ined when a  tim e in terval of 5 and 10 m inutes 
"’as used, th is time was set a t  5 minutes.

Figure 1 shows the per cent transm ittance w ith a 40-mm. cell 
and 19-mm. te s t tubes. W hen phosphate in  am ounts equal to 50 
p.p.m . was added to silica solutions no appreciable deviation 
from th e  curve on phosphate-free silica solutions was detected 
(Table I I ) .

W hen 50 p.p.m . of phosphate was present and the oxalic acid 
was no t added (Imhoff method), th e  transm ittance of a b lank 
w ithout silica present was 1% ; however, when a sim ilar test was 
run w ith  oxalic acid present, the transm ittance was 100%. T his 
shows th a t the phosphate had a  m arked effect on the Im hoff 
m ethod, b u t th a t oxalic acid entirely eliminates the phosphate

Table I I  shows th a t the accuracy o f^ ie^m ethod  is abou t 0.02 
p.p.m. of silica.

c o n c e n t m t /o / v  s * ,oz  p p m  

Figure 1

Since reagents used add a  small am ount of color to  the tes t solu­
tion and this m ight vary , owing to the possibility of dissolving 
silica from the glass containers used, a  blank solution was pre­
pared, using the same volume of silica-free distilled w ater as the 
test sample, to which th e  regular am ount of reagents were added 
a t  the tim e th e  tes t sam ple was being tested. T his b lank was 
then p u t in  the spectrophotom eter, the reading ad justed  to 100% 
transm ittance, and the comparison m ade on the te s t sample. 
T his elim inated the intereference of th e  reagents or silica in the re­
agents. T he blank usually read about 97%  transm ittance when 
compared w ith distilled w ater to which no reagents had been 
added.

This modification of the Schwartz m ethod has a  degree of ac­
curacy of 0.01 p.p.m. in determ ining silica in am ounts from 0.02 
to 2.0 p.p.m ., when a 50-ml. sample is used. I f  the silica is 

'A bove 2 p.p.m ., the Schwartz m ethod would work better, since it  
would require less dilution. These tes ts  have all been conducted 
on distilled w ater or condensed steam  free from color o r organic 
m aterial. The effect of organic m atte r in the w ater has no t been 
studied.
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Th iamine Determination

Comparative S tudy o f Yeast-G rowth, Yeast-Fermentation, 

and Thiochrome M ethods
M A R G A R E T  A .  EPPRIGHT a n d  R O G ER  J. W IL L IA M S , Department o f Chemistry, University o f Texas, A u s tin , Texas

The yeast-growth, yeast-fermentation, and thlochrom e methods for 
thiamine determination have been studied, with an attempted evalua­
tion  o f certain modifications in the yeast methods. The thiochrome 
method appears to  be a satisfactory means o f determ ining the thiamine 
content of various types o f natural and processed materials. Judging 
from values obtained b y  the other methods, thlochrome values may 
be somewhat low , owing to  the presence in some extracts o f sub­
stances which interfere with the quantitative adsorption o f the vitamin 
on Decalso. The yeast-growth method gives somewhat higher values 
than the other methods. In the case o f processed materials, they are 
so high as to  be w ithout merit. The specific ity o f this method can 
be increased by  use o f an adsorption technique which permits 
separation o f thiamine from other materials active in yeast growth. 
A  class o f substances not amenable to  this m odification is wheat 
products. In the yeast-fermentation method, a partial solution of 
the d ifficulties arising from the sulfite correction procedure is ob ­
tained through the use o f excess hydrogen peroxide in removing 
residual sulfite. If a sufficient number o f analyses are made (3 to  5), 
values obtained by  this procedure usually agree satisfactorily with 
thiochrome results. In the assay of alkali-treated materials the fer­
mentation method indicates the presence o f several times as much 
thiamine as does the thiochrome method.

FOR com parative purposes the thiam ine content of various 
types of samples has been determ ined by  yeast-growth, 

yeast-ferm entation, and thiochrom e methods. Along w ith th is 
com parative study, some w ork has been done on possible modi­
fications of the m ethods involving yeast. Among the samples 
assayed were two (15 and 16, T able I) used for checking purposes 
by  th e  American Association of Cereal Chemists and  three 
samples (9,11, and 13, Table I) used in collaborative studies spon­
sored jo in tly  by  the Research Corporation of New Y ork and the 
American Association of Cereal Chemists. Included also were 
samples which had been subjected to  heat treatm en t in alkaline 
solution; the thiam ine content of these, in  which deliberate 
destruction of the v itam in had been effected, was estim ated by 
the m ethods under consideration.

T he thiochrome and  yeast-ferm entation m ethods have been 
subjected to  com parative study  and standardization  by  F rey 
and H ennessy (7) and collaborators. T he m ean values obtained 
by the two m ethods for cereal sam ples and dry  yeast agree 
rem arkably well and are in  agreem ent w ith m ean values obtained 
using anim al m ethods (rat^growth and  rat-curative); b u t the 
range of deviation of individual values from a given m ean is con­
siderable, in th e  ferm entation m ethod being as high as 59% , in 
the chemical one as high as 122%. These studies were m ade on 
cereal products w ith one exception, and  values for each sample 
obtained by  a single m ethod vary  considerably.

Cheldelin and  Williams (2) report th a t thiam ine values for 
food samples determ ined by  the yeast-grow th m ethod of Williams, 
M cM ahan, and  E akin  (20) are in  good agreem ent in  m ost cases 
w ith the values obtained b y  the thiochrom e m ethod as reported 
by  Lane, Johnson, and  Williams {18), N ordgren and  Andrews 
{15), and Conner and  S traub (5); these comparisons, however, 
were no t m ade on the sam e sample preparations. Only in  the 
case of foods which have been subjected to  processing involving 
heat trea tm en t did Cheldelin and  W illiams observe th e  yeast- 
grow th m ethod to  show striking disagreem ent (too high values).

N o previous comparisons have been m ade using the yeast- 
growth and yeast-ferm entation methods.

In  a  com parative study  such as this, i t  is desirable to  prepare 
extracts of samples which are suitable for assay by  each method 
employed. Since thiam ine often occurs in yeast and  animal 
tissues as cocarboxylase, and  since the pyrophosphoric ester is 
inactive in  the yeast grow th tes t {20) and thiochrom e pyrophos­
phate  is no t extractable w ith isobutanol {12), a  hydrolyzing agent 
m ust be used to  convert cocarboxylase to  thiam ine if the yeast- 
growth or thiochrom e m ethods are to  be used.

Lohm ann and Schuster {14) have shown th a t th e  above con­
version can be accomplished enzym atically w ith suitable enzyme 
preparations. Pyke {17) and Dawson and M artin  (4) have used 
digestion w ith pepsin followed by  digestion w ith takadiastase, 
and H arris and W ang (S) have used incubation w ith takadiastase 
and papain following a  prelim inary heating in the presence of 
acid. Cheldelin el al. {1) used digestion w ith takadiastase and 
papain, and in this study  their procedure was adopted; the phos­
phatase preparation  used is sold under the trade nam e Clarase.

AS S A Y  M ETHODS

Y e a s t  G r o w t h . T he m ethod of Williams, M cM ahan, and 
Eakin {20), which is based on the stim ulatory  effect of thiamine 
on the growth of Saccharomyces cerevisiae, Old Process strain, was 
used. Y east grow th was m easured turbidim etrically.

Though the basic procedure of th e  growth m ethod wras retained 
throughout this work, the preparation and trea tm en t of extracts 
to  be assayed were varied. % Thiam ine content of th e  following 
types of extracts was estim ated: (a) extracts of enzyme-digested 
samples, (b) ex tracts of alkali-digested samples, and  (c) eluates 
of extracts (a) and (b) prepared by  adsorption of sample ali­
quots on Decalso followed by  elution w ith acidified potassium 
chloride.

Y e a s t  F e r m e n t a t i o n . T he procedure recommended by 
Schultz, A tkin, and F rey  {18) was followed in determ ining the 
thiam ine content of the following types of sam ple extracts: (a) 
extracts of enzyme-digested samples, and (b) extracts of alkali- 
digested samples.

A commercial ferm entom eter was used.
In  some cases th is m ethod was modified to  th e  extent tha t, in­

stead of using sulfite trea tm en t as a m eans of correcting for non­
thiam ine activ ity , prelim inary adsorption and elution using 
Decalso were perform ed before th e  ferm entation te s t was ap­
plied.

T h i o c h r o m e . T he procedure of H ennessy (9 )  was followed, 
especial care being taken  to  standardize the tim ing of all opera­
tions beginning w ith the oxidation of the sample. T he thiamine 
content of eluates of the following types of extracts was estimated:
(a) extracts of enzyme-digested samples, and (b) extracts of 
alkali-digested samples.

Fluorescence w as determ ined w ith a  Pfaltz-B auer fluoro- 
photom eter.

PREPARATION O F SAM PLE EXTRACTS A N D  ELUATES

E n z y m e - D i g e s t e d  S a m p l e s  ( la ) . In  order to  obtain certa in  
m aterials to  be assayed in a  finely divided condition, they were 
homogenized in a  W aring Blendor. Two per cent Clarase and 
2%  papain  were added to  each sample, together w ith 0.5% 
sodium acetate-acetic  acid buffer (pH  4.5), and after the addition 
of 0.5 ml. of benzene the m ixture was incubated for 24 hours. 
A t the end of th e  incubation period the samples were steamed 
30 m inutes, m ade to  volume, filtered, steam ed 10 minutes for 
sterilization, and th en  stored in the refrigerator un til assayed. 
T he am ount of buffer used in preparing the respective extracts 
depended on th e  approxim ate thiam ine content of the sample, 
since Hennessy (9 ) has found preferred volumes from which ad­
sorption should be effected, as well as preferred amounts of 
thiam ine to  be adsorbed per column of Decalso.
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This procedure was varied som ewhat for samples of high 
starch content; for these, in addition  to  an  extract prepared in 
the m anner above, an ex trac t was prepared by  diluting the in­
cubated m ixture to  its final volum e and  filtering prior to  th e  30- 
minute steam ing period. T he extract was refiltered if solid 
material separated  ou t on steaming. T his type of extraction is 
designated as l a '  in T able I.

A l k a l i - D i g e s t e d  S a m p le s  (2 a ). T he samples listed in 
Table I I  were p u t in solution, th e  pH  was ad justed  to  9 by  addi­
tion of sodium hydroxide, and the solution autoclaved 1 hour a t 
7 kg. (15 pounds) pressure. A fter cooling, th e  pH  of each solu­
tion was ad justed  to  4.5 by the addition of sulfuric acid and  the 
volume brought to  its final value.

E l u a t e s  (lb , lb ' ,  2b). An aliquot of each of the sample ex­
tracts containing 0.5 to  10 micrograms of thiam ine was ad­
sorbed on a column of Decalso and eluted w ith acidified potas­
sium chloride, in accordance w ith the  m ethod described by 
Hennessy (9). T he trea tm en t of the zeolite prior to  adsorption 
and the entire base-exchange procedure used were those rec­
ommended by Hennessy.

DISCUSSION O F METHODS

Y e a s t  G r o w th . Williams and co-workers (16, 21, 23, 24) 
have used the yeast-grow th m ethod in investigations of small 
amounts of tissues, in which all other methods were of necessity 
excluded because of the relatively large samples required. I t  
was found to  be highly sensitive and to  give reproducible and 
seemingly consistent results of th e  righ t order of m agnitude; re­
covery tests indicated th a t it  was sufficiently specific to  be of 
value when applied to  fresh tissue extracts. I t  requires inex­
pensive equipm ent and  m any tests  per day  can be run  by one 
individual. However, the finding of Cheldelin and Williams (2) 
that yeast-grow th values for m aterials which have been heated 
during processing are m uch higher th an  corresponding thiochrom e 
values has m ade i t  evident th a t th e  yeast-grow th m ethod cannot 
be applied in its original form to  certain types of m aterials.

A modification has proved usefdl in  overcoming this discrep­
ancy. T he th iam ine in  sample extracts was separated from 
other m aterials known to  stim ulate yeast growth by  taking ad­
vantage of the selective adsorption of Decalso for the vitam in,

and the contents of the eluates from adsorption were measured. 
N either 5-(2-hydrdxyetliyl)-4-methylthiazole, which was found 
in this investigation to  be 6S% as active as thiam ine on an 
equimolecular basis, nor 4-am ino-5-ethoxym ethyl-2-m ethyl- 
pyrim idine which is 14% active, is adsorbed on Decalso from solu­
tions in  sodium acetate buffer (pH  4.5) in the routine adsorption 
procedure. [Deutsch (6) reports th a t  “more than  95%  of the 
pyrim idine is also rem oved by  zeolite” ; the pyrim idine referred 
to  is presum ably “ (III) the pyrimidine portion, 4-amino-2- 
m ethyl-5-ethoxym ethylpyrim idine” . H e fails to  indicate, how­
ever, w hether or n o t the adsorbent used was activated  Decalso 
and a t  w hat pH  adsorption was effected.] Ind irect evidence 
points to  an analogous adsorption behavior of the 5-hydroxy- 
m ethylpyrim idine derivative which is formed by the hydrolytic 
cleavage of thiam ine, since eluates from the Decalso adsorption of 
alkali-treated samples (Table II) measured in the yeast-growth 
m ethod proved to  have only a  sm all percentage of th e  activity  
determ ined for th e  corresponding whole extracts.

Y e a s t  F e r m e n t a t i o n . In  prelim inary investigations m ade 
in  connection w ith work done a t  th is institu tion  (22) in deter­
mining the thiam ine content of food samples, considerable diffi­
culty has been encountered in obtaining satisfactory replicate 
values for the sulfite-treated samples. T his difficulty was re­
moved in  p a rt by the use of excess hydrogen peroxide in destroy­
ing residual sodium sulfite, a  precautionary measure recom­
m ended by  Josephson and H arris (11) for the m icroferm entation 
m ethod. B u t for some samples this precaution did not alleviate 
the difficulty. I t  has been reported recently th a t th e  thiazole 
and pyrim idine sulfonic acid resulting from the sulfite cleavage 
of th iam ine are slightly stim ulatory in  the m icrofermentation 
m ethod (5), and it  is no t unlikely th a t they  are similarly active 
in the macromethod.

A modification involving adsorption was attem pted  in order 
to  elim inate the  sulfite trea tm en t of samples, b u t i t  failed to  
elim inate entirely  the  interfering substances. I t  was established 
th a t filtrates w ith combined washings from Decalso adsorption of

Table I. Comparison o f Values from Thiochrome, Yeasl-G rowth, and Yeast-Fermentation Determinations

rd-►»
-»a
■S

© s oll c
£ OM Ü .2oh o ’■J3w

§ 3
j»*ce 1  S 'a

M '- ' W H  I—< '
t í  **►Hw

a  <3

D e v i a t i o n

>
£

S a m p le

P la n t  a n d  a n im a l  t i s s u e s
1 P e a n u t s ,  f r e s h  ( l a )
2 O a tm e a l  ( l a )
3 O a tm e a l  ( l a ' )
4 B e e f  m u s c le  ( l a )
5 P o t a to e s ,  w h i t e  ( l a )
6 P o t a to e s ,  w h i t e  ( l a ' )
7 P o t a to e s ,  w h i t e  ( d e h y d r a t e d )  ( l a )
8 G r e e n  p e a s  ( d e h y d r a t e d )  ( l a )
9 D r y  y e a s t  ( l a ) °

10 W h e a t ,  g e r m  ( l a )
¡1 W h o le  w h e a t  ( l a ) °
12 W h o le  w h e a t  ( l a ' )
¡3 W h i t e  f lo u r  ( l a ) a 
14 W h i t e  f lo u r  ( l a ' )
¡5 C e r e a l  p r o d u c t  ( l a )  &
18 R ic e  p r o d u c t  ( l a )  &

Processed materials*
17 P e a n u t s ,  r o a s t e d  ( l a )
18 Y e a s t  e x t r a c t  ( l a )
19 R ic e  b r a n  c o n c e n t r a t e  ( l a )
20 W h o le  w h e a t  b r e a d  ( l a )

Urine
21 S a m p le  1 ( l a )
22 S a m p le  2  ( l a )

a R e c e iv e d  f r o m  R .  R .  W il l ia m s .  T h e s e  s a m p le s ,  d e s ig n a t e d  a s  N o s .  6 , K a n d  3  b y  t h e  R e s e a r c h  C o r p o r a t i o n  C o m m i t te e ,  h a v e  r e s p e c t i v e  t h i a m in e  
o i702 , 5 .1 , a n d  0 .9 2  m ic r o g r a m s  p e r  g r a m .  I n d i c a t e d  m e a n  v a lu e s  w e r e  d e r iv e d  f r o m  r e s u l t s  o f  n i n e t e e n  c o l l a b o r a t o r s  w h o  u s e d  th io c h r o m e  m e th o d  (7) 
in d iv id u a l v a lu e s  d e v ia t e d  w id e ly  f r o m  t h e  m e a n .  

b O b ta in e d  f r o m  J .  S .  A n d r e w s ,  o f  G e n e r a l  M il ls ,  I n c .  T h i a m i n e  c o n te n t ,  2 5  a n d  3 .0  m ic r o g r a m s  p e r  g r a m ,  r e s p e c t iv e ly .
* S u b je c t e d  t o  m o re  o r  le s s  c o o k in g ,  m a y  c o n ta i n  t h i a m in e  f r a g m e n t s .

Micrograms per gram % % % % % %

7 . 1
6 . 8

7 . 0
7 . 9

1 4 .7
8 . 1

7 . 1
8 . 0 7 . 2

-  1 . 4  
+  1 5 .6

- 1 .4
1 .2

+  107 
+  18

+  107 
+  1 .2 +

0
1 6 .8 + " 5 . 9

7 . 6 9 . 5 10 8 . 4 6 . 9 +  2 5 + 13 +  3 2 +  19 + 1 0 .5 — 9 . 2
0 . 5 9 0 . 6 3 1 .3 0 . 9 4 0 . 7 6 +  6 . 8 3 3 +  114 +  3 4 + 5 9 . 4 + 29
1 .1 3 1 .1 8 1 .8 2 1 ,4 1 1 .3 4 +  4 . 4 — 16 +  61 +  2 9 + 2 5 + 19
1 .1 1 1 1 .6 5 1 .2 1 1 .2 2 -  9 . 9 — 8 . 2 +  4 9 +  3 6 + 9 + 9 . 9
2 . 9 7 5 4 . 2 5 3 . 3 +  6 8 + 51 +  4 3 +  2 9 + 11
5 .7 7 6 . 9 8 . 5 7 . 5 + 2 0 8 +  4 7 +  13 + 3 0

5 9 8 6 5 8 7 3 5 6 5 4 6 2 5 ' +  10 + 0 . 6 +  2 3 +  13 + 9 . 4 — ” 5 . 4
1 8 .4 2 4 .5 2 0 .6 1 6 .7 + 3 3 + 4 7 +  12 +  2 3 — ; 9 . 2

4 6 . 6 5 6 . 2 à ! i +  6 6 + 2 8 + 2 9 + '¿ 7
4 . 2 5 . 2 5.2 4 . 3 5 . 0 + 2 4 + 21 +  ' ¿ 4 +  '2 1 + 2 4 + 19
0 .6 9 1 .2 4 0 .8 1 1 .3 4 + 7 9 . 5 + 53 + 17 + 94
0 . 6 8 0 . 9 3 (K 9 8 0 .5 7 1 .0 1 +  3 7 + 6 3 +  '4 4 +  '7 2 — 16 + 4 9

2 4 . 9 3 0 . 3 3 1 .9 2 5 . 9 2 6 . 8 + 2 2 + 19 +  2 8 +  2 3 + 4 + 7 . 6
2 . 8 3 . 4 4 . 6 3 4 . 9 +  21 + 13 +  6 4 +  5 3 + 7 + 7 5

2 . 8
1 7 .1

3 . 3
1 9 .4

1 5 .3
6 3 . 6

2 . 8
2 3 . 7

+  1 7 .8  
+  1 3 .4

+ 1 7 .8
1 8 .2

+ 4 4 6
+ 2 7 2

+ 4 4 6  
+  168 +

0
3 8 . 6

5 0 . 2 5 1 .2 1 7 0 7 5 . 8 +  2 — 3 2 .4 + 2 4 0 +  124 + 51
1 .2 2 . 2 2 . 4 1 .0 3 +  83 +  1 14 +  1 00 +  133 - 13

0 .0 6 1
Micrograms per 

0 .0 8 1
ml.

0 .2 3 0 . 5 +  3 3 6 5 + 2 7 7 + 7 1 9
0 . 1 5 0 . 1 8 1 .2 3 0 . 5 4 + 2 0 — 67 +  7 2 0 + 1 2 8 +  2 6 0

c o n te n t s
M a n y
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sam ples contain considerable quantities of m aterial stim ulative 
to  ferm entation, and further th a t 4-amino'-5-ethoxymethyl-2- 
methylpyrim idine, and probably the corresponding 5-hydroxy- 
m ethylpyrim idine derivative as well, each of which stim ulates 
ferm entation (18,19), are no t adsorbed on Decalso under th e  con­
ditions employed. Hence it  appeared th a t eluates from Decalso 
adsorption m ight serve as suitable test m aterials. T he sa lt con­
centration in the eluatc depresses ferm entation somewhat, so th a t 
it was necessary to. add to  each standard  bottle  the am ount of 
potassium  chloride in the aliquot of eluate being tested. In  no 
case was more th an  5 ml. of an eluate used.

In  checking the ferm entom eter i t  was found th a t some of the 
bottles, regardless of placem ent in the shaker, perm itted  settling 
of the yeast during the 3-hour shaking period, and as a  conse­
quence smaller volumes of carbon dioxide were evolved th an  from 
those bottles in which no sedim entation occurred. T his source 
of error was easily elim inated by  replacing the  im perfect bottles 
which had irregular seals between the walls and bottom s.

T h i o c h r o m e . In  this m ethod based on the oxidative conver­
sion of thiam ine to thiochrome, a  possible source of error arises 
from the fact th a t thiam ine m ay be incom pletely adsorbed on the 
zeolite. Egafia and M eiklejohn (6) have found by means of re­
covery experiments th a t  urine samples which contain blood or 
bile, as well as those from individuals whose thiam ine intake is 
low, contain some m aterial which prevents complete adsorption 
of the vitam in on Decalso, while norm al urine appears free from 
th is inhibitory m aterial. Such inhibitory substances m ay be of 
more general occurrence th an  is appreciated, in which case the 
effects would be particularly  apparen t in the case of extracts 
containing a  low concentration of thiam ine. T h a t urine con­
tains an unidentified m aterial which interferes w ith the ad­
sorption of pantothenic acid on charcoal was found by Hogg (10).

T he presence of interfering fluorescent m aterials in the eluates 
can also serve as a source of error, especially if such m aterials 
are labile to  oxidation, so th a t their contribution to  fluorescence 
in the oxidized sample differs from th a t in the unoxidized blank.

Values obtained by the chemical m ethod have been chosen as 
reference values for th is com parative study.

Tabic II. Effect o f A lk a l i  Treatment on Thiamine Content

T h i o ­ Y e a s t  Y e a s t Y e a s t
c h r o m e G r o w th  G r o w th F e r m e n t a t i o n

S a m p le s (2 b ) ( 2 b )  (2 a ) (2 a )
Micrograms per gram

Y e a s t  e x t r a c t  (2 a ) 0 .0 2 1 6 5 . 2 5 . 8
Y e a s t  e x t r a c t  (2 a ) 0 . 3 3 2 . 5 7  46 3 . 9
R ic e  b r a n  c o n c e n t r a t e  (2 a ) 3 . 6 9 . 3  1S7 1 8 .7
T h i a m i n e ,  c r y s t a l l i n e  (2 a ) 0 4 °  4 . 5 a 1 3 “

°  V a lu e s  in  t e r m s  o f  %  t h i a m in e  a c t i v i t y  i n t a c t  a f t e r  a lk a l i  t r e a t m e n t .

DISCUSSION O F RESULTS

The com parative results obtained for enzyme-digested samples, 
together w ith  the percentage deviation of values from corre­
sponding thiochrom e values, are listed in T able I. In  th e  case 
of values from yeast-grow th determ inations, percentage devia­
tions from yeast-ferm entation results are also indicated. In  
T able II , values for th e  thiam ine content of th e  alkali-treated 
samples are presented.

Of the sam ples assayed in this study  which have been used 
previously in two sets of collaborative determ inations, Nos. 15 
and 16 were found to  give thiochrom e and  ferm entation values 
in close agreem ent w ith reported contents, b u t values lower than 
the reported means were obtained for Nos. 9, 11, and 13. Since 
the au thors’ values for th e  last three were obtained a t  least a 
year and a  half later, i t  is no t unlikely th a t in  these samples some 
loss of thiam ine occurred during storage.

C o m p a r i s o n  o f  V a l u e s  f r o m  Y e a s t - G r o w t h  a n d  T h i o ­

c h r o m e  D e t e r m i n a t i o n s . W ithout exception, values obtained 
for whole extracts ( la , la ')  by the yeast-grow th method are higher

than  corresponding values from thiochrome determinations. 
In  the case of heat-processed m aterials and urine, the deviations 
are of far greater m agnitude than  for the unprocessed materials 
assayed. T his is probably due to  the presence of active frag­
m ents of the thiam ine molecule in these samples.

For m ost samples, values for eluates ( lb , lb ')  are significantly 
lower than  those for the corresponding whole extracts in the yeast- 
growth determ ination, and are in be tter agreem ent w ith values 
from the chemical method. F ifteen of the 22 eluates listed in 
Table I gave values w ithin =*=25% of the thiochrom e values, 6 
of them  being w ithin ± 10% . F or w heat products, use of the 
adsorption technique accomplishes no im proved agreem ent of 
values from yeast-grow th assay with those from thiochrome deter­
m inations. Evidently  w heat products contain some growth- 
prom oting substance other than  thiam ine which is no t separated 
from the v itam in by  the base-exchange procedure.

C o m p a r i s o n  o f  V a l u e s  f r o m  Y e a s t  F e r m e n t a t i o n  a n d  

T h i o c h r o m e  D e t e r m i n a t i o n s . Values listed in Table I ob­
tained by thiochrom e and yeast-ferm entation assay are in fair 
agreement, 15 of the 22 ferm entation values agreeing within 
± 2 5 %  w ith thiochrome figures. In  the case of rice b ran  con­
centrate, beef muscle, and urine, ferm entation values are more 
th an  50%  higher than  thiochrom e values. F or rice bran  con­
centrate, the nonthiam ine m aterial active in  the fermentation 
tes t (determ ined by sulfite treatm ent) am ounts to  approximately 
50%  of the to ta l stim ulatory m aterial present; for urine, it rep­
resents approxim ately 70%  of the total. These correction terms 
are certainly high, b u t such corrections do no t of themselves in­
validate results because in other samples assayed—-viz., roasted 
peanuts, yeast extract, whole w heat bread,' and w hite flour—the 
nonthiam ine active m aterial am ounts to  50%  or more of the total 
stim ulatory m aterial present, y e t agreeing values are obtained 
by the  two methods. I t  m ay be th a t  the rice b ran  concentrate, 
beef muscle, and urine samples contain some m aterial which 
interferes w ith the adsorption of thiam ine on Decalso, so that 
values from the fluorometric m ethod are lower th an  th e  actual 
thiam ine content; th a t  urine m ay contain such m aterial has been 
pointed ou t by other workers (6). An alternate  interpretation is 
th a t these samples contain some active m aterial o ther than  thia­
mine which is inactivated  by sulfite treatm ent, so th a t it  appears 
as thiam ine in the ferm entation assay.

F or those eluates assayed in the yeast-ferm entation method, 
values were obtained which for the m ost p a rt agree as well or 
b e tte r w ith thiochrom e values th an  do the corresponding values 
obtained using sulfite treatm ent. For urine, w hite flour, and 
the rice product th is was no t the case; for these, values for the 
eluates were considerably higher. Since the assay of eluates 
does no t give consistently im proved values, i t  cannot be recom­
mended as an adequate substitu te  for the usual procedure in­
volving sulfite correction.

C o m p a r i s o n  o f  V a l u e s  f r o m  Y e a s t  G r o w t h  a n d  Y b a s t - 

F e r m e n t a t i o n  D e t e r m i n a t i o n s . Y east-grow th values for 
whole extracts ( la , l a ')  of unprocessed m aterials are from 1 to 
100% higher than  corresponding ferm entation values; values 
for processed m aterials are entirely ou t of line, as observed in the 
previous comparison. Values for eluates ( lb , lb ')  assayed by 
yeast grow th are in be tter agreem ent w ith ferm entation results, 
and  for m ost samples the agreem ent is fairly good; 12 of the 22 
eluate values in Table I  agree w ith  the corresponding fermenta­
tion values w ithin ± 2 5 % . D ehydrated  potatoes, w hite flour, 
w heat germ, and  whole w heat bread gave discordant results by 
the two methods.

C o m p a r i s o n  o f  V a l u e s  f o r  A l k a l i - T r e a t e d  S a m p l e s . The 
results listed in T ab le  I I  show th a t pure thiam ine subjected to 
heat trea tm en t a t  an  alkaline pH  is, according to  thiochrome 
measurem ent, completely destroyed. In  th e  yeast-growth 
m ethod it  retains 4 to  4 .5%  of its ac tiv ity , and in the yeast-fermen- 
tation , 13%.

For alkali-treated samples tested, thiochrome- values are far
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lower th an  are corresponding values from either of the yeast 
methods. E luate  yeast-grow th values arc in b e tte r agreement 
with thiochrom c values than  are any  others, b u t they too are 
significantly higher.

In  each extract there appears to  be some m aterial which is (1) 
relatively stable to  alkali and  heat treatm ent, (2) adsorbed on 
Decalso and eluted w ith acidified potassium  chloride, (3) labile 
to sulfite treatm ent, and (4) stim ulatory to yeast growth and 
fermentation.
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BOTTLE CAP GUI0E POST

BOTTLE

METAL-

Dcvice for Rapid Closing of W eigh ing Bottles
S A R A H  MYERS C H A S T A IN 1, Western Regional Research Laboratory, A lb a n y , Calif.

W H E N  large num bers of vacuum-oven m oisture determ ina­
tions are made, it  is convenient to  use a  device designed 

to facilitate closing a num ber of weighing bottles a t  the same 
time. Closing each bottle  by hand is no t only tedious b u t slower, 
and this delay between opening the oven and closing the bottles 
may give some samples a  chance to  absorb m oisture from the 
atmosphere.

TOP PLATE 

¿FIB R E BOARD

BOTTOM PLATE

Figure 1. Type A .  Cross Section Showing Openings for 
Bottles and G u ide  Post

Two devices, fundam entally  alike b u t adapted  to different 
forms of bottle  closure, have been used in this laboratory. Each 
consists of two plates. T he top  p late supports the lids or stoppers 
and serves both  to  open and to  close the bottles; th e  bottom  
plate, sim ilar in bo th  types, keeps th e  bottles in fixed positions. 
Both plates are placed in  the oven where they rest on the brackets 
that ordinarily support the shelves.

Plates of type A (Figure 1) were designed to fit a  vacuum  oven 
in the form of a cylinder 22.5 cm. (9 inches) in d iam eter by 45 
cm. (18 inches) long, and the  pair accom modates 40 P arr weigh­
ing bottles, 25 mm. wide and 20 mm . high, having outside- 
fitting ground-glass lids. T he bottom  plate consists of a  con­
tinuous m etal sneet, 0.16 cm. (‘/is inch) thick, riveted to thicker 
(0.6-cm., 0.25-inch) nonmetallic sheet m aterial (such as fiber- 
bonrd) having round holes, uniformly arranged in  parallel rows, 
to fit the bottom s of the bottles. M etal is used for the contin­
uous base to ensure good heat conductivity to  the bottles. The 
top plate, which holds the lids, is made of nonmetallic sheet 
material and has holes corresponding to  those in the bottom  plate 
and large enough to  let the uncovered weighing bottles go 
through. These holes have a  slightly larger diam eter from the 
upper surface to abou t halfway through the plate, in order to

1 P r e s e n t  a d d r e s s ,  2 1 4  S o u t h  T h a y e r  S t . ,  A n n  A r b o r ,  M ic h .

hold the lids in place. One end of the top plate  has a  hole cor­
responding in position and size to a guide post a t  one end of the 
bottom  plate.

To load this device, the top p late is placed on the bottom  
one, the  closed bottles are placed in the holes, their lids are  
loosened, and  the top plate  is slowly raised. The bottom s of th e  
bottles will rem ain on the lower plate, while the lids will be lifted 
w ith the top plate. A fter the drying period, the bottles are closed 
by moving the upper plate, loaded w ith the caps, downward 
along the guide post.. The closed bottles m ay then be lifted oul 
of the holes.

Figure 2. Type B. Stoppers Being Lowered onto Bottles

A sim ilar device, type B (Figure 2), accom modates 32 bo ttles , 
40 mm. wide by 50 mm. high, having inside-fitting ground- 
glass stoppers. The top plate has slits and grooves a t  rig h t 
angles to each other. All the slits are parallel. The bottles are 
placed in the bottom  plate w ith the flattened tops of the stoppers 
parallel to the direction of the slits in the top  plate, which is 
lowered until it rests on the weighing bottles; the tops are tu rned  
through a  90° angle to fit into the grooves; and th e  top p late  is 
slowly lifted, removing the stoppers which are suspended from 
it. A fter drying, the stoppers m ay be lowered onto the bottles, 
the tops turned in the direction of the slits, and the top p la te  
lifted off.



Substituted 1/IO-Phenanthroline Ferrous Complex 

O xidation-R eduction  Indicators

Potential Determinations as a Function o f A c id  Concentration

G . FREDERICK S M ITH  a n d  FREDERIC P. RICHTER, W m , A lb e r t  N oyes Laboratories, University o f Illino is , Urbana, III.

This paper deals with determ ination o f the variation in the potentia l 
at which the phenanthrolinium ion is ox id ized  from the ferrous to  the 
ferric form as a function o f ac id ity . The data include those for the 
substituted com plex ions in which the 5- or 6-position hydrogen is 
replaced b y  m ethyl, n itro , ch loro, or bromo radicals, and for the. 
com plex ions in which the 5- and 6-position hydrogens have been 
replaced by  both the m ethyl and nitro groups.

TH E  first application of the phenanthrolinium  complex ion 
as an indicator in oxidation-rcduction reactions was de­

scribed by W alden, H am m ett, and C hapm an (§). T he nitro 
substitu tion  product was first studied by  H am m ett, W alden, and 
Edm onds ( i ) ,  and its  first practical application was in  th e  deter­
m ination of oxalic acid, described by Sm ith and  Getz (6). The 
synthesis of the m aterials is described by  Sm ith and Getz (5) and 
R ichter and Sm ith {/¡). T he spcctrophotom etric properties of 
these products were studied by  Moss, Mellon, and Sm ith (S).

EXPERIMENTAL W O RK

P ertinen t d a ta  concerning the m aterials of th is discussion are 
contained in T able I.

A procedure sim ilar to  th a t  described by  W alden, H am m ett, 
and  C hapm an (8) was employed when bo th  th e  ferrous and  ferric 
complex phenanthrolinium  ions were found to  be stable in the 
various streng ths of acid studied. T his was true  in the  case of 
1,10-phenanthroline and  5-m ethyl-l,10-phenanthroline. The 
sim ultaneous titra tio n  of a  m ixture of ferrous sulfate and  ferrous 
phenanthrolinium  ions was carried out, using either a  solution of 
sulfatoceric acid o r  potassium  dichrom ate in solutions of sulfuric 
acid of concentration equal to  th a t  of the solutions of the ions 
being titra ted . T he range of acidity  employed was from 1 to  8 
moles per liter. T he ceric-cerous and ferrous and  ferric potentials 
were separately determ ined under th e  sam e conditions and the 
values of these tw o reference points reconfirmed.

A typical sample titra tio n  graph is shown in Figure 1. T itra ­
tion conditions used were:

10 ml. of an approxim ately 0.1 m olar ferrous sulfate solution in 
sulfuric acid (4 gram  molecules of sulfuric acid per liter)

15 ml. of an  approxim ately 0.1 molar solution of methyl-ferroin 
added to  an equal volum e of sulfuric acid (8 gram  molecules of 
sulfuric acid per liter)

D ilution to  200 ml. by addition of sulfuric acid (4 gram  mole­
cules of sulfuric acid per liter)

T itra tion  using 0.1 Ar potassium  dichrom ate dissolved in sulfuric 
acid (4 gram  molecules of sulfuric acid per liter)

F requently  employed reference poin t potentials of various 
system s as used a t  different acid concentrations are given in 
Table II.

G EN ER AL PROCEDURE FOR D ETER M IN ATIO N  O F F O R M A L  ELECTRODE 
POTENTIALS

F or some of the phenanthrolinium  ions the potential of the 
higher reference system  is no t sufficient to  oxidize th e  ferrous to 
the  ferric ion complex. T o use a  perchloric acid solution of per- 
chloratoceric acid because of its  higher poten tia l in  some cases was 
unsatisfactory because of the form ation of insoluble ferrous per­
chlorate complex phenanthrolinium  ions. In  o ther cases equally 
insoluble sulfuric acid complex ions resulted a t  the  higher acidities.

The ferric complex phenanthrolinium  ions (with the exception 
of oxidized ferroin and methyl-ferroin) were no t stable for more 
than  a  short interval, especially a t  higher acid concentrations.

In  these cases solutions of 0.01 
or 0.025 N  sulfatocerate ion in 
solutions containing 1 to  8 gram 
molecules of sulfuric acid per 
liter were prepared by dissolving 
pure amm onium nitratocerate in 
c o n c e n tra te d  su lfu ric  acid, 
followed by  gradual dilution to 
the proper am ount. T he substi­
tu ted  ferroin indicator solutions 
of 0.01 or 0.025 M  concentrations 
were prepared by solution of the 
proper weight of indicator base 
(Table I) in  0.01 or 0.025 N  
ferrous am m onium  sulfate solu­
tion. M easured portions of the 
cerate solution (25.00 ml.) were 
placed in 400-ml. beakers and an 
equal volume of sulfuric acid of 
twice the strength  finally re­
quired wras added. D ilution was 

m ade to  200 ml. w ith sulfuric acid of th e  sam e desired strength.
A m easured portion (50.00 ml.) of the ferroin or substituted

ferroin was then  added in  one portion w ith vigorous stirring. 
T he potential of the resulting solution was read a t  once, using a 
sa tu ra ted  calomel electrode and  a  bright p latinum  electrode as 
references. A ny condition such as results from instability  of the 
ferric .phenanthrolinium  ions 'was indicated by a  gradual fall of 
potential which could be observed w ithout difficulty. Such in­
stab ility  was more pronounced a t higher acid concentrations and

: j
 _

5  1 0  1 5  2 0  2 5  3 0  3 5  4 0  4 5  5 0  5 5

M i.  o f titra ting solution

Figure 1. Simultaneous Titration o f Ferrous and 
Phenanthrolinium Ferrous Ions

In 4 M  sulfuric acid solution, using potassium dichromate in 4 M  
sulfuric acid throughout

Table I. Physical Constants o f Phenanthrolines and Their Substitution Products

C o m p o u n d

5 - N i t r o - l  ,1 0 - p h e n a n t h r o l i n e  
5 - N i t r o - 6 - m e t h y l - l ,  1 0 - p h e n a n t h r o l i n e  
5 - B r o m o - l , 1 0 - p h e n a n t h r o l in e  m o n o h y d r a t e  
5 - C h l o r o - l , 1 0 - p h e n a n t h r o l i n e  m o n o h y d r a t e  
1 ,1 0 - P h e n a n t h r o l in e  m o n o h y d r a t e  
5 - M e t h y l - l ,  1 0 - p h e n a n t h r o l i n e  m o n o h y d r a t e

a F o r m a l  p o t e n t i a l ,  w h e n  o x id iz e d  a n d  r e d u c e d  f o rm s  a r e  e q u a l ,  in  s u l f u r ic  a c id  s o lu t io n s  o f  o n e  m o le c u la r  w e ig h t  
p e r  l i t e r  ( w i th o u t  r e f e r e n c e  t o  t h e i r  p o s s ib le  i n c o m p l e t e  i o n iz a t i o n ,  h y d r o ly s i s ,  f o r m a t i o n  o f  c o m p le x e s ,  e tc . )  a n d  
a t  2 5 °  C .  (7 ) .

A m o u n t
R e q u i r e d  f o r

M .  P . C o m m o n  N a m e  o f 1 0 0 0  M l.  of F o r m a l
( A n h y ­ F e r r o u s  S u l f a t e 0 . 0 1  M  F e  + + O x id a t io n ,
d r o u s ) C o m p le x M o l .  W t . C o m p le x E . M .F .

°  C . Grams Volts°

2 0 2 N i t r o - f e r r o in 2 2 5 .2 0 6 .7 5 6 0 1 .2 5
2 6 9 N i t r o m e th y l - f e r r o i n 2 3 9 .2 3 7 .1 7 6 8 1 .2 2
119 B r o m o - f e r r o in 2 7 7 .1 1 8 .3 1 3 4 1 .1 2
123 C h lo r o - f e r r o in 2 3 2 .6 6 6 .9 8 0 0 1 .1 2
11 7 F e r r o i n 1 9 8 .2 2 5 .9 4 6 4 1 .0 6
114 M e th y l - f e r r o i n 2 1 2 .2 4 6 .3 6 7 3 1 .0 2
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Table II. Formal Electrode Potentials of Various Systems in Sulfuric 
and H ydroch lo ric  A c id  Solutions“

P o t e n t i a l
D e t e r m in e d

Fe+++.
C riO j— *-2Cr 
Ce(SOi).—

F e  + +■+
C e  + + *

S u l f u r i c  A c id  C o n c e n t r a t i o n s  ( M o le s  p e r  
L i te r )

1 2 4 6 8
E . M . F . ,  V o l ts

0.68 0.68  0.68 0.68 0.68
1 .1 1  1 .1 5  1 .3 0  1 .3 5

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

H y d r o c h lo r i c  A c id  C o n c e n t r a ­
t io n s  ( M o le s  p e r  L i te r )

1 2  3  4
E . M . F . ,  V o l ts  

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

* D e t e r m in a t io n s  o f  p r e s e n t  s t u d y  a r e  t a k e n  f r o m  S m i t h  a n d  G e tz  (6 ).

Table III. Formal O x id a tio n  Potential o f Ferroin and Substituted 
Ferroin Indicators at Various Strengths of Sulfuric A c id

S u l f u r i c  A c id  S t r e n g t h  
0 . 5  M  1 i t  2 M  3  M  4  i t  6  At 8  i f  

I n d i c a t o r  O x id a t io n  P o t e n t i a l ,  V o l ts
N i t ro - f e r r o in  1 .2 6  1 .2 5  1 .2 2  . . .  1 . 1 2  1 .1 2  1 .1 1
N i t r o m e th y l - f e r r o in  . . .  1 . 2 3  . . . .  .......................................................
B r o m o - f e r r o in  1 .1 3 .......... ........................................................................................
C h lo r o - f e r r o in  . . .  1 .1 1  1 . 1 0  . . .  1 . 0 4  0 . 9 7  . . .
F e r ro in  . . .  1 . 0 6  1 .0 3  1 . 0 0  0 .9 6  0 . 8 9  0 .7 0
M e th y l - f e r r o in  . . .  1 .0 2  1 .0 0  0 . 9 6  0 . 9 3  0 .8 6  0 . 7 0
2 ,2 '- D ip y r id y l - f  e r r o in  . . .  0 . 9 7 ................................................. . 0 . 9 2  ..........................

with ferric phenanthrolinium  ions of highest electrode potential. 
The system s showed no appreciable change in potential during 
the time required for reading the potential of the first mixing.

The d a ta  obtained are found in T able I I I .  B y determ ination 
of potentials in  m any cases by  both  procedures, th e  values were 
shown to be reliable w ithin 0.02 volt. T he values obtained by 
either procedure duplicated those of W alden, H am m ett, and their 
co-workers as corrected by H um e and Kolthoff (2). As previ­
ously assum ed (2), the  oxidation potential of the bipyridylinium  
ferrous complex ion is no t so high as th a t  of ferroin.

In using the d a ta  of Tables I I  and I I I  as a  guide to  titra tions 
employing visual equivalence point-determ inations ra ther than  
potentiometric observations, it  m ust be kep t in m ind th a t the

color change from red in reduced solutions to  fa in t blue in oxidized 
solutions requires approxim ately 90%  oxidation of the indicator 
ion before the red hue is elim inated. The oxidation potential is 
thus effectively approxim ately 60 millivolts higher than  the values 
give in T able II I .  T he values given in T able I I I  are claimed to  be 
valid to  w ithin ± 2 0  millivolts and  in m ost cases better.

S U M M A R Y

Form al oxidation potentials of the ferric-ferrous and the 
dichromate-chrom ic system s have been determ ined in 1 to  8 M  
sulfuric and  hydrochloric acid solutions. The use of such d a ta  in 
the selection of the proper indicator system s for determ ination of 
reaction and points is suggested.

A general procedure for use in determ ination of the form al elec­
trode potentials of reversible oxidation-reduction indicators of th e  
ferroin and substitu ted  ferroin group is described.

T he oxidation potential of the phenanthrolinium  ion and nitro, 
bromo, chloro, m ethyl, and nitrom ethyl phenanthrolinium  ions is 
given in  various sulfuric acid strengths from 1 to  8 M .

For the system  of indicators studied the range of oxidation 
potentials found varies from 0.7 to 1.26 volts, w ith all gradations 
between represented.
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A b s t r a c t  o f  a  p o r t i o n  o f  a  t h e s i s  p r e s e n t e d  i n  p a r t i a l  f u l f i l lm e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  P h . D .  d e g r e e  in  t h e  G r a d u a t e  S c h o o l ,  U n i v e r s i t y  of 
I l l in o is .

Use of Synthetic Detergents in the V an  Slyke 

Determination of O xygen Capacity
C A R L  S. V E S T L IN G  A N D  M A R T IN  A .  S W E R D LO W , University o f Illino is , Urbans, III.

MO D IFIC A T IO N S of the original Van Slyke procedure 
(o, 7) for the determ ination of blood oxygen capacity 

have been concerned chiefly w ith mechanical and m anipulative 
improvements (1, 2, S, 6, S, 9). I t  occurred to  th e  au thors to 
test several synthetic detergents, of different types, as possible 
substitutes for the saponin prescribed by V an Slyke as the hemo­
lytic agent.

The results below indicate th a t several common detergents may 
conveniently be used in  place of the less readily available, more 
expensive, and  mildly irrita ting  saponin. Sendroy’s procedure 
(?) has been used in these determ inations on rab b it and  horse 
Wood. I t  is reasonable to  assume th a t  the modified m ethod can 
he extended to  the blood of o ther species.

A sa tu ra ted  solution of each of the detergents, w ith the ex­
ception of the RO-C, was prepared in  a freshly m ade potassium  
'erricyanide solution containing 23 gram s per 100 cc. T he 
saturated solutions were prepared by adding one volume of 
Potassium ferricyanide of twice the desired concentration to  an 
equal volume of detergent solution containing 16 gram s per 100 
cc. and filtering. T he source of each of the detergents used can 
he ascertained by reference to  the 1943 list (4). In  the case of 
the RO-C (a cationic detergent of th e  alkyldim ethylbenzyl

Table I. O xygen  Capacity Determinations on Fresh O xala ted 
Rabbit B lood D ilu ted with 1 %  NaCI Solution

D e t e r g e n t  T y p e  V o lu m e  %  O i

S a p o n in  N a t u r a l  p o ly  c y c lic  g lu c o s id e ,  M e r c k  1 1 .9 9
D u p o n o l W A  L o n g - c h a in  a lc o h o l  s u l f a t e  1 2 .0 6
A e r o s o l  O .T .  S o d iu m  d i o c t y l  s u l f o s u c e in a te  1 1 .7 2

amm onium chloride type, W inthrop Chemical C om pany), 
8 gram s per 100 cc. were used, an am ount equal to  th a t  of th e  
saponin prescribed by  Van Slyke. T he RO-C reacted slowly w ith 
potassium  ferricyanide and is no t considered suitable for use w ith 
it as th e  oxidizing agent.

T he results in 1  able I  suggest th a t D uponol WA m ay be readily 
employed in place of saponin, b u t th a t  the use of Aerosol O.T. 
yields slightly low values. A favorable check in th is analysis 
is ± 0 .2  volume %  (8). All determ inations, including blanks, 
were carried ou t in duplicate.

Table I I  indicates th a t  each of the three detergents tested  will 
give satisfactory results on fresh oxalated rab b it blood diluted 
w ith 1% sodium chloride. The use of Nacconol FSNO, an  alkyl 
ary l sulfonate type, led to  sim ilar values. A freshly prepared
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Table II. O xyse n  Capacity Determinations

D e t e r g e n t  T y p e  V o lu m e  %  Oa

S a p o n in  M e rc k  p r o d u c t  1 0 .4 0
D u p o n o l  W - 2 0  L o n g - e h a in  a lc o h o l  s u l f a t e  1 0 .3 9
A e ro s o l  O .S . I s o p r o p y l  n a p h th a l e n e  s o d iu m  s u l f a t e  1 0 .4 9
A r c t i c  S y n t e x  M .  S u l f a t e  o f  g ly c e r o l  m o n o la u r a t e  1 0 .5 2

and used R O -C-potassium  ferricyanide combination led to 
slightly low results.

Additional experim ents also indicated th a t  either potassium  
dichrom ate or iodine in  10% potassium  iodide m ay  be substitu ted  
in equimolecular am ounts for potassium  ferricyanide and used 
w ith saponin. T his aspect of th e  problem was no t pursued fur­
ther.

Accordingly, in  view of th e  experiments described in th is re­
port, it is suggested th a t synthetic detergents of th e  long-ehain

alcohol sulfate type, the alkyl ary l sulfonate type, or the  mono- 
glyceride sulfate type  be used as hemolytic agents in the deter­
m ination of blood oxygen capacity w ith potassium  ferricyanide 
as the oxidizing agent. I t  is, of course, possible th a t other 
readily available detergents m ay be equally effective.
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Q uantita tive  M e th o d  for Determination of M altose in the 

Presence o f Glucose
H . H . B R O W N E , Bureau of Dairy Industry, U nited States Department of A g ricu ltu re , W ashington, D. C.

A N  A CC U RA TE and  rapid m ethod is needed for analysis of 
/  \  m ixtures of sugars, and especially for m ixtures of maltose 
an d  glucose, b u t th is m ethod cannot be applied as outlined below 
to  m ixtures of these two sugars and  o ther carbohydrates, such as' 
"m a lt sirup” and  “ corn sirup” .

Two m ethods cited by Browne and  Zerban (I) are representa­
tive of th e  usual procedures th a t  have been advocated: th a t  of 
M orris, which combines copper reduction, polarization, and 
selective ferm entation, and  the shorter one of Steinhoff, which 
m akes use of tw o copper solutions—i.e., a  Soxhlet and a modi­
fied Barfoed. A more recent m ethod is th a t  of Schultz, Fisher, 
A tkin, and  F rey  (3), which is based on three ferm entations, in 
w hich the evolved gas volumes represent th e  sugars acted  upon, 
and  the  maltose and “ /3-amylase attackable substances”  are com­
pu ted  by difference. T his m ethod is sim ilar to  th a t  developed 
by th e  au tho r a t  about th e  same tim e (3) for th e  “ m altose frac­
tion” in  flour. Aside from  th e  question of accuracy, these methods 
are involved and  cumbersome.

Tom oda and  Taguchi (4) have reported  a  polarim etric proce­
dure for analysis of m ixtures of glucose and  maltose and  of glu­
cose and  fructose similar to the one described herein b u t differing 
in detail. T heir m ethod has been condemned, apparently  on the 
basis of m isquotation of their sta tem ents regarding the  accuracy 
of their m altose determ inations. However, they  claim th a t in 
four determ inations of m altose in a  maltose-glucose m ixture th e  
error was —1.10% in one and 0.0%  in the o ther three.

The. difference in th e  ability  of various sugars to  combine w ith 
bisulfites was noted  by th e  au tho r in  th e  course of work on fer­
m entations wherein bisulfites were p resent and  this difference was 
m ade use of in the  analyses of sugar m ixtures for maltose. Al­
though in  th e  w ork of Tom oda and  Taguchi th e  sam e principle 
was employed, i t  is believed desirable, because of th e  simplicity 
and  accuracy obtainable, to  describe a  som ewhat different method 
of application of th is principle.

This polarim etric m ethod is based on th e  fact th a t  the optical 
ro ta tion  of glucose m ay be reduced to  zero by addition  of a  suffi­
cient q u an tity  of soluble bisulfite, b u t the ro ta tion  of maltose 
and  dextrins is affected only very slightly. Incidentally , the 
ro tation  of lactose and  o ther reducing sugars is also lowered by 
the presence of bisulfites and  th e  ro ta tion  of the sugar alcohols is 
unaffected. The speed and  accuracy of th is m ethod are com­
parable w ith those of polarim etric determ inations in  general, bu t 
th e  sensitiveness is som ewhat less.

T he m ethod of evaluation is based on B iot’s additive rule of 
optical ro tations—namely, [«]* == A”[a]i +  (1 — z ) [ á ]2 when

[a]* is th e  specific ro ta tion  of the m ixture, [<*]i and  [a]j are the 
specific ro tations of th e  individual components, and  x  is the 
fraction of one of them . Browne and  Zerban (1) point out that 
the specific ro tations used m ust take  into account th e  solvent- 
concentration. Since the concentration of th e  to ta l sugars is 
constant, th a t  of the w ater is approxim ately so, and  an  empirical 
relationship is adequate for th is m ethod, using observed values 
ra ther th an  specific rotations.

Table I. O p tica l Rotation o f M altose (H ydrate)-D extrose (A n h y­
drous) M ixtures and Corresponding Percentages of Maltose

( I n  3 0 %  b i s u l f i t e  s o lu t io n  a t  2 0 “ C . in  2 0 0 - m n i .  t u b e )

M a l to s e ,  %  
D e x t r o s e ,  %
° S .°
M a l t o s e  ( c a l c d .) ,  %

0
100
0
0

20
SO
1 1 .3
1 9 .7 2

4 0
00
2 2 . 9
3 9 . 9 6

50
5 0
2 8 . 8
5 0 . 2 6

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

8 0
20
4 6 . 0
8 0 .2 7

100
0

5 7 .8
ioo.se

a °  S . ,  d e g re e s  o n  I n t e r n a t i o n a l  S u g a r  S e a le .

M ETH O D

The first requirem ent in  the  use of th is m ethod is a  set of 
standard  values for the optical ro ta tion  of m altose and  glucose 
and  m ixtures of known proportions of these sugars in the presence 
of sodium bisulfite.

Because of the difficulty of dissolving relatively large quantities 
of bisulfite in  sugar solutions of 10%  or greater concentration, the 
w riter prefers the following procedure in the ir preparation:

A series of seven solutions is prepared, each solution containing 
10 gram s of to ta l sugar and  no t less th an  75 ml. of water. The 
proportion of glucose to  m altose should be 10 gram s to  0, 8 to 2, 
6 to  4, 5 to  5, 4 to  6, 2 to  8, and 0 to  10. To each of seven sugar 
flasks graduated to  110 ml. are added 30 gram s of sodium meta­
bisulfite or its equivalent of sodium bisulfite, and one of the sugar 
solutions is transferred  to  each. T he flasks are shaken to dissolve 
th e  metabisulfite, cooled to  20° C., th e  contents m ade up to a 
volume of 110 ml. w ith  distilled w ater, mixed, and polarized at 
20° C. T he length of th e  polariscope tube  need no t be specified 
bu t should be th e  same for all determ inations.

T he observed ro tations are  then  p lo tted  against th e  percentage 
of maltose and will lie on, practically a  s tra igh t line defined by 
these points. T he percentage of m altose present m ay be de­
term ined by referring th e  readings to th e  graph or by multiplying 
(° S.) by th e  tangen t of th e  line, which in  the present work was 
1.745.
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In  T able I  are given th e  optical ro tations of solutions of maltose 
hydrate, d-glucose (anhydrous) and  sodium m etabisulfite by 
polarization in  a 200-mm. tube a t  20°, and the corresponding 
computed percentages of m altose.

The accuracy of th e  m ethod is indicated by the values obtained. 
The maxim um  deviation from the ac tua l values in term s of per 
cent m altose was 0.28 and th e  m inim um  0.04, w ith an average 
deviation of 0.20%  for th e  five m ixtures.

To determ ine th e  am ount of m altose in a m ixture of glucose and 
maltose, determ ine first th e  am ount of to ta l sugars by some ac­
cepted m ethod. To each sugar flask used add 10 grams of the un­
known m ixture or th e  am ount of its  solution which contains 10 
grams of to ta l sugars. D ilu te to  approxim ately 75 ml. and pro­

ceed as described for the solutions of known sugar content. From  
th e  observed rotation th e  percentage of the to ta l am ount of 
sugar present as m altose can be calculated as described or m ay be 
determ ined w ith the use of the graph prepared from th e  data  
obtained upon the "know n” solutions.
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Estimation of Pyridine Content of P y rid in e -A ce tic  A c id  

M ix tu re  Used in Riboflavin Determination
J. H . L A N N IN G  a n d  C. A . R O S Z M A N N

Continental Bakins C o ., M ain L aboratory, Jam aica, N . Y.

IN A PA R T  of their procedure for the determ ination of ribo­
flavin, Conner and S traub  (I) used a  pyridine-acetic acid 

mixture to  elute th e  riboflavin from the Florisil adsorbent. After 
treatm ent w ith  oxidizing agents, th e  fluorescence of the ribo­
flavin in  th e  eluate was determ ined. W hen a  num ber of ribo­
flavin determ inations are m ade by their procedure, a  considerable 
quantity of the used pyridine-acetic acid m ixture is collected. 
By distillation, the pyridine together w ith w ater and acetic acid

Table I. A p p a re n t Recovery of P yridine from M ixtures

2 0 . 0  N  S o d iu m  H y d r o x i d e  1 5 .3  N  S o d iu m  H y d r o x i d e
A c e t ic  a c id , A c e t ic  a c id ,

P y r id i n e  in W a t e r  a n d w a t e r ,  a n d W a te r  a n d w a t e r ,  a n d
O r ig in a l p y r id i n e p y r id i n e p y r id i n e p y r id i n e
S o lu t io n m ix t u r e m ix tu r e m ix tu r e m ix t u r e

Per Cent by Volume
1 6 .1 1 9 .0 1 9 .0 1 9 .0 1 9 .0
1 8 .1 2 1 . 5 2 1 . 3 2 1 . 5 2 1 . 5
2 0 .1 2 3 . 8 2 3 . 8 2 4 . 5 2 4 . 5  ,
2 2 .1 2 6 . 5 2 6 . 5 2 7 . 0 2 6 . 5
2 4 .1 2 9 . 0 2 9 . 3 2 9 . 5 2 9 . 5

Figure 1

m ay readily be recovered as a m ixture, b u t unless some simple 
m ethod is available for determ ining the concentration of these 
components, the m ixture is worthless. T he acetic acid m ay 
readily be determ ined by titra tio n  w ith 0.1 N  sodium hydroxide, 
using phenolphthalein as indicator, and its concentration calcu­
lated in th e  custom ary m anner, b u t a convenient standard  
m ethod is no t available for determ ination of the pyridine concen­
tra tion . However, a fter some experimenting i t  was found th a t 
pyridine could be separated  from the m ixture by m eans of a 
strong solution of caustic soda. Using th is principle, a  m ethod 
was devised for determ ining the approxim ate pyridine concen­
tration of such a  mixture.

M e t h o d . A fter distillation of the pyridine-acetic acid mix­
ture, a  20-ml. portion of the distillate is poured into a  graduated 
25-ml. glass-stoppered cylinder. To th is there are added 5 ml. of 
20.0 N  sodium hydroxide. After shaking vigorously, the cylin­
der is set aside for 15 minutes, during which tim e the liquid sepa­
rates into two layers. T he volume of the top layer is noted.

When this m ethod was used i t  was found th a t  the pyridine was 
not recovered in a  pure sta te . Hence, i t  was necessary to  find 
the relationship between am ount of crude pyridine recovered—
i.e., the top  layer of liquid—and the am ount of pyridine th a t 
was originally present in the m ixture. Furtherm ore, the am ount 
of crude pyridine recovered m ight be influenced either by the 
am ount of acetic acid present or by the concentration of the 
sodium hydroxide used.

In  order to  determ ine th is relationship and the effect of sodium 
hydroxide and acetic acid concentration, a  q u an tity  of reagent 
grade pyridine of such purity  th a t i t  distilled between 114° and 
116° C. was selected and two series of m ixtures were prepared. 
T he first series consisted of several m ixtures of w ater and pyri-



584 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. 16, No. 9

dine, each of which differed from the other, in its  pyridine con­
centration. T he second series consisted of m ixtures of w ater, 
pyridine, and acetic acid. In  this series the acid concentration 
of each m ixture was 0.3 N  bu t the m ixtures differed from each 
o ther in  pyridine concentration. T he pyridine concentration 
of each m ixture was then  determ ined by the above m ethod. 
The m ixtures were again analyzed in the same m anner, except 
th a t 15.3 N  instead of 20.0 Ar sodium hydroxide was used. The 
results obtained are shown in T able I  and Figure 1.

DISCUSSION

T he results in T able I  clearly show th a t when the m ixtures 
were 0.3 Ar w ith acetic acid, the am ount of crude pyridine ob­
tained was for all practical purposes th e  same as when no acid 
was present in the m ixtures. Hence, i t  m ay be assumed th a t 
acetic acid in concentrations of 0.3 N  or less will no t affect the 
am ount of crude pyridine recovered. W hen the concentration 
of the sodium hydroxide solution was 15.3 N  instead of 20.0 N , a 
measurable difference was obtained in the am ount of crude pyri­

dine recovered. Hence, th e  streng th  of this solution should be 
m aintained a t  approxim ately 20 N  as specified in the method. 
When th is concentration is used, the volume figure for the top 
layer of liquid m ay be directly converted to  per cent pyridine by 
means of the approxim ate curve in Figure 1.

S U M M A R Y

T o determ ine the concentration of pyridine in distillates con­
sisting of pyridine, w ater, and acetic acid, th e  pyridine, in an im­
pure sta te , is separated by treating  the d istillate w ith strong so­
dium hydroxide. T he relationship between this crude pyridine 
and th e  percentage of pure pyridine present in the distillate is 
then determ ined by means of a  curve.

LITERATURE CITED

(1) Conner, R. T., and Straub, G. J., I n d .  E n g .  C h e m .,  A n a l .  Ed., 
13, 385-8 (1941).

A  Precision Head for Small Fractionating Columns
R. S. T O W N E 1, University o f N otre Dame, N otre  Dame, Ind.

TH E  m ost satisfactory head design for labora to ry  columns 
of all kinds is th e  to ta l condensation partia l take-off type 

originally reported by Loveless (I) and modified by W hitmore 
and Lux (5) and others. This design is no t subject to  the me­
chanical difficulties inherent in heads of the partial condensation , 
to ta l take-off variety  (3, 5) and perm its accurate regulation of 

1 P r e s e n t  a d d r e s s ,  G e n e r a l  A n i l in e  &  F i lm  C o r p . ,  E a s t o n ,  P a .

iXXXXXXXXX}
l /S "  S t a in l e s s  s t e e l  rod

S o ld e re d  J o in t

l /2 *  S h o u ld er naoh ined  
on r t l r e  b lo c k  ^ ' l*i

3 /4 "  K nurled 
aluffiinuB w heel

the distillation rate. I t  is particularly  adaptable for use on 
fractionating columns which utilize small samples, since the 
holdup is negligible if th e  head is properly constructed.

W hen such columns are operated under reduced pressure, there 
is a  tendency for th e  distillate to  dissolve th e  lubricant in the 
conventional stopcock, allowing a ir to  leak in  around th e  barrel 
and rise through th e  tiny  pool of reflux liquid above th e  take-off 
tube. T his situation prevents accura te  ad justm ent of the dis­
tillation ra te  and a t  very low operating  pressures (10 to  25 mm.) 
m ay cause air-locks which entirely  prevent th e  rem oval of the 
distillate.

T he head design shown in Figure 1 has been used by the author 
in these laboratories for several years. I t  was developed for

fractionating columns used 
in  th e  purification of small 
samples of high-boiling hy­
drocarbons. T he holdup is 
very small and no air-locks 
are formed even a t  operat­
ing pressures of 10 mm.

T he needle valve (Fig­
ure 2) provides extremely 
accurate regulation of take­
off rates of from 0.01 to 
1.0 cc. per minute. More­
over, these rates are con­
s tan t for long periods of 
tim e over a  wide range of 
operating pressures. The 
small capillary in the valve 
seat acts as a  siphon to pro­
m ote a  constant ra te  of re­
m oval of the  distillate (£)• 

T he valve bearing is made 
of 18-8 stainless steel ma­
chined to  0.8 cm. (6/ie hmW 
in diam eter w ith a 1.25-cm. 
(0.5-inch) shoulder which 
rests on th e  short Pyrex 
tube. T he upper face of 
th is block is soldered to 
th e  bottom  of a standard 
0.3-cm. (0.125-inch) com­
pression jo in t from which 
the lower threads have been 
r e m o v e d . T h e  fin ished  
bearing is drilled and tapped 
to  receive th e  8-32 thread 

Figure 2. N eedle  V a lve  Detail on th e  valve spindle.

Neoprene gasket "

8-32 T hread  cn  sp in d lo "  * —

i t o .  1 /8 ” b ra s s  c o n p re s s io n  
J o in t  w i th  low er th re a d s  
nach in ed  o f f

S t a in l e s s  s t e e l  b lo c k  5/16" in  
d ia m e te r ,  d r i l l e d  and tap p ed  fo r

V a lre  s p in d le  ground in to  s e a t  
i r i th  f i n e  on ery  d u s t

5 - m  .P y rex  tu b in g  f r i th  1 -ssa . 
c a p i l l a r y  

5_i=a.Pyrex tu b in g
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The needle-valvc spindle is of 0.3-em. (0.125-inch) stainless 
steel rod threaded to  fit the valve bearing. A small knurled 
wheel is threaded to  th e  top of the  spindle. A fine point is 
ground on the  end of the valve spindle w ith a C arborundum  
wheel and the valve seat produced by grinding this po in t into the 
capillary tubing w ith a  fine grade of emery dust.

Strands of absorbent cotton im pregnated w ith a stiff grease 
are stuffed around the spindle in the depression of the bearing and 
compressed to  an air-tigh t seal by th e  hexagonal nut. A small 
piece is cut from 0.3-cm. (0.125-inch) Neoprene tubing and 
slipped over th e  end of the valve bearing, so th a t  the assembled 
unit fits tightly  to  the inside of the Pyrex tube. W hen properly 
packed and assembled, such a  bearing will easily reta in  vacuum s 
of 3 to  5 mm.

An efficient column for use w ith th is head consists of a Pyrex 
tube, 8 mm. in inside diam eter, providing 30 cm. of packed sec­
tion. T his inner tube  is surrounded by a  35-mm. tube wound 
with N ichrome wire over asbestos spacer cords. T he inner

tube and heating jacket is covered by a piece of 45-mm. P y rex  
tubing which acts as as an insulator. The inner tube was packed 
w ith Wilson helices (G) 0.24 cm. (3/ 32 inch) in diam eter. T he  
column was operated a t  reduced pressures in conjunction w ith  
the fraction receiver described by Towne, Eby, and Young (4). 
T his column proved to  be very efficient in the purification of 
small samples (10 to  25 cc.). I t  had 14.5 theoretical p la tes a t  
to ta l reflux and an H .E .T .P . of 2.06 cm.
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A  Circulating Device for Use w ith a Hydrogen Electrode
J A M E S  CURRY1 A N D  Z .  Z . H U G U S , J r . ,  W illiam s C ollege, W illiam stow n, Mass.

THE device described here has been found useful in connection 
with a  hydrogen electrode in two circumstances: first, when 

the solution, whose hydrogon-ion concentration is being meas­
ured, contains a  very soluble gas which would be carried away if 
the hydrogen were allowed merely to  bubble through it. A 
prcsaturator m ay be used, bu t under certain conditions this is 
rather im practical. The second situation  is when a deuterium  elec­
trode is desired. W ith the device described here m acroquantities 
of the gas m ay be used, b u t an excessive am ount is no t required. 
These two conditions were present in measurem ents m ade by the 
authors on the second ionization constan t of deutero-carbonic 
acid. T he results of these m easurem ents have been reported 
elsewhere (J) b u t the circulating devices has not been adequately 
described.

The construction of m ost of the appara tus is self-evident from 
the diagram. V  is a  Bunsen valve made from a medicine dropper

1 P r e s e n t  a d d r e s s ,  16  B r o w n  S t . ,  C a m b r id g e ,  M a s s .

bulb. The proper size of slit can be found w ith a  few trials and  it  
m ay be inserted through the end of the wide tubing when the ru b ­
ber stopper is removed. The m ercury in the side arm  is raised 
and lowered about 10 cm. by means of a  m otor and eccentric, 
raising and  lowering a leveling bulb a t  a ra te  of about 15 times per 
m inute. W hen the m ercury rises th e  pressure in the ad jacent 
p a rt of the appara tu s increases. Hence, the hydrogen bubbles 
through the solution around the platinum  electrode until the  pres­
sure in the entire appara tu s becomes uniform. W hen the  m er­
cury is lowered th e  hydrogen escapes through th e  Bunsen value. 
Thus the hydrogen tends to circulate through the apparatus. 
D uring this period th e  stopcock of the cell, Si, should be kep t 
closed. W hen an  e.m.f. m easurem ent is m ade the circulation 
m ay be stopped and  the stopcock of the cell opened if desired.

The appara tus is filled and flushed ou t by proper m anipulation 
of clamps C'i, Ci, C3, stopcocks S t and Si, and  the m ercury col­
umn, hydrogen being adm itted  through tubes A  and  B. A dm it­
tance of d ry  hydrogen would a lte r the concentration of th e  solu­
tion slightly. T his is ordinarily a very  small error b u t m ay  be 
avoided to a large ex ten t by allowing the hydrogen to  bubble 
through w ater, or b e tte r  yet, through a  sam ple of the solution 
before it  is adm itted  to  the appara tus through A  and  B . As a 
precautionary m easure all rubber connections should be kep t 
coated w ith collodion. In  th e  au thors’ appara tus th e  volume, 
including the space in the  cell above the solution, was 35 cc. For 
one determ ination about 100 cc. of hydrogen (deuterium ) were 
used, the excess gas being used for flushing. I t  is usually m ost 
convenient to  fill th e  device w ith hydrogen, so th a t when the 
m ercury column is a t  its  mean position the to ta l pressure in the 
system  is equal to  th a t  of the atm osphere. The corrections to 
apply in order to obtain  th e  partia l pressure of the hydrogen are 
obvious. In  the au thors’ m easurem ents, a t  equilibrium , the 
fluctuations in  e.m.f. due to  change in hydrogen pressure were 
less th an  0.1 millivolt.

In  order to  avoid condensation i t  is necessary to keep the gas- 
pliase portion of the appara tus a t  a  tem perature som ewhat higher 
th an  th a t  of the solution. T his was accomplished by fastening 
the circulating device to  a  wooden block and suspending i t  in  a 
small box in such a m anner th a t  the bottom  of th e  box was slightly 
above the surface of the w ater in the therm ostat in w hich the cell 
was immersed. W hen the therm osta t was ad justed  to  25° C. 
a  current of air warmed to  30° C. was passed up through the bo t­
tom  of the box through several holes. T he hydrogen w hich cir­
culates through the solution is also warmed to abou t 30° C. and  
th is introduces a slight b u t unavoidable error.

This circulating device is obviously no t lim ited to the particular 
type  of cell depicted here. H arned and Scholes (2 ) have de­
scribed in an extremely brief m anner w hat is evidently an  elabo­
ra te  device for the circulation of hydrogen. A pparently  their 
device is som ewhat similar to the one described here.
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A pparatus for Measuring Rate o f Gas Penetration 

through Food-Packaging M aterials
F. R. S M ITH  a n d  M A X  KLEIBER 

College o f A g ricu ltu re , University o f California, Davis, Calif.

A n  apparatus is described for measuring the rate o f gas penetration 
through flex ib le  materials. The apparatus is particularly suitable fo r 
determ ining the rate o f oxygen penetration in to  pouches used for 
food  packaging. The absolute accuracy o f the measurements is 
determined m ainly b y  the accuracy o f gas analysis. The relative 
accuracy can be changed b y  varying the time of penetration and 
thus the difference between start and end concentration of oxygen in 
the gas inside the pouch.

A  M A JO R  factor in  th e  spoilage of m any dehydrated  food 
products is the  p artia l pressure of oxygen in the gas sur­

rounding th e  food, particu larly  when th e  p roduct contains fat. 
According to  Holm, Schaffer, and  H aller (5) b u tte r  oil contain­
ing a  concentration of oxygen less th an  0.5%  by volum e “will 
rem ain in good condition for a  long storage period even under 
w hat would generally be considered severe conditions of sto r­
age” . Some m anufacturers, therefore, rem ove oxygen by  evacua­
tion ; others replace air w ith  an  inert gas. Before the  war, m etal 
containers were used to  package th e  p roduct and ensure a  low 
oxygen content over a  long period. Because of the scarcity  of 
m etals these containers have been replaced by pouches con­
structed  of cellophane or sim ilar m aterials. N o satisfactory  
m ethod has so far been m ade available to  determ ine how well 
such packages m aintain  th e  desired low partia l oxygen pressure.

T he ra te  of change of partia l oxygen pressure in th e  gas inside a  
package is am ong the  m ost im portan t criteria for grading a  con­
tainer.

E lder (2), Shum an (<?), and Todd (5) recently  described m anom ­
eters for m easuring gas perm eability of film m aterials w ithout 
regard to  changes in partia l pressure. Shum an gives examples of 
m easuring “air transm ission” . A ir transm ission thus deter­
mined, however, is no suitable criterion for judging packaging 
m aterials. An undesirable m aterial w ith a  high perm eability 
for oxygen and  a  low perm eability for nitrogen m ay show a lower 
ra te  of air transm ission th an  a  desirable m aterial w ith  low oxygen 
and  high nitrogen perm eability. T he m anom eters m ight, of 
course, be used to  m easure separately  th e  perm eabilities of pure 
gases and thence to  draw  conclusions as to  th e  probable transm is­
sion of these gases from m ixtures such as air.

F or testing  packing m aterials and particularly  pouches, how­
ever, th e  au thors preferred to  work ou t a  m ethod which deter­
mines th e  m ajor criterion— nam ely, changes in partia l oxygen 
pressure— directly, and  is applicable especially in cases where no 
significant differences in  to ta l pressure are involved.

T he ra te  of penetration  by diffusion (dependent on differences 
of p artia l pressure only) can be determ ined by gas analysis or 
o ther means designed to  m easure oxygen concentration. Such 
studies have been m ade by  several investigators. K rogh (7) 
designed a  m etal diffusion cham ber to  m easure th e  diffusion ra te  
of oxygen through anim al m em branes, from a  gas to  a  liquid or 
from a liquid to  a liquid. H is equipm ent did no t lend itself to  the 
proposed studies. H arvey  and M orrison (S) used cultures of 
lum inous bacteria to  determ ine oxygen concentration. Ac­
cording to  them , th e  oxygen concentration ju s t allowing per­
ceptible luminescence is abou t 1 p a r t by  w eight of oxygen d is­
solved in 3.7 X 106 cc. of sea w ater. T o  ob tain  relative d a ta  on 
th e  ra te  a t  which oxygen penetrates various m aterials, H ill (4) 
used th e  lum inous bacteria  as an  indicator. Alexejev and  M atal- 
skil (1) determ ined th e  diffusion ra te  of gaseous m ixtures through

rubber m em branes; b u t th e  present w riters have been unable 
to  obtain  d a ta  on the type  of appara tu s  or th e  m ethod of analysis 
used.

APPARATUS

T he appara tu s was designed m ainly for m easuring changes in 
th e  oxygen concentration of a  gas separated  from a ir by various 
packaging m aterials. These m easurem ents are particularly 
valuable when m echanical flaws are absent.

A lthough different types of appara tu s have been tested  in this 
laboratory, only the one found satisfactory  is described here 
(Figure 1). T his consists of a glass diffusion chamber, A , having 
an outside d iam eter of 6 cm. and a  length of abou t 18 cm. Gas 
m ay be introduced and  sam pled through a tube, B , the  end of 
which is about 8 cm. below the top  of th e  diffusion chamber. 
B  connects to  either a nitrogen tan k  or a  gas-sampling bulb, 
through the three-w ay stopcock, C, and rubber tubing D. A glass 
receptacle, E , containing m ercury is fastened to  the diffusion 
cham ber w ith  a  piece of bicycle inner tubing, F. The orifice, G, 
of cham ber A  m ay then  be closed w ith  a  glass bell, Q, or with a 
sack of the packaging m ateria l in  question. I t  has been desirable 
to  hold the glass bell or packaging m aterial in  the  m ercury with

Figure 1. Diagram o f Apparatus
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Scotch tape, P , fastened over the top. T ube H  is connected 
by a  piece of rubber (pressure) tubing w ith a  three-w ay stop­
cock, / .  One opening of th is stopcock is connected to  the 250-ml. 
glass bulb, J ,  while the o ther connects w ith  a glass tube, 7 f. Thus 
by m anipulating stopcocks I  and  L, connection to  the diffusion 
chamber m ay be m ade either through bulb J  or through tube K . 
Stopcock L  connects w ith  the m ercury-leveling bulb by m eans of 
rubber tubing.

In  operation, th e  mercury-leveling bulb, M , and  stopcocks I  
and L  are m anipulated  so th a t  K  is completely filled w ith  m er­
cury. T his tube  rem ains filled during measurem ents. The glass 
bell or packaging m aterial is held solidly in the m ercury seal by 
Scotch tape. M  is ad justed  so th a t  the m ercury stands a t  level 1. 
Stopcock N  is opened, and  stopcock I  is turned  to connect bulb J  
and cham ber A . Stopcock C is opened into tube  B , and  gas is 
allowed to  flow from a  nitrogen tan k  through A . T he excess gas 

'escaping through N  is allowed to  bubble through w ater. T hus a 
constant positive pressure is m aintained in  th e  apparatus dur­
ing replacem ent of the gas.

After th e  gas has flowed for a  few seconds, M  is raised so th a t 
the m ercury rises from level 1 ju s t to the top  of J .  The leveling 
bulb is then  lowered, and  th e  m ercury allowed to  fall to  level 1. 
Meanwhile the nitrogen m ust be kep t flowing fas t enough to  en­
sure constant escape of gas -through N  as m easured by constant 
bubbling through the w ater seal. Two m anipulations of the 
leveling bulb usually give satisfactory replacem ent of the air. 
Stopcocks C and N  are th en  closed sim ultaneously, and the tube 
at the lower end of C is connected by rubber tubing to a  gas- 
sampling bulb containing m ercury. C is now opened into tube 
0, and th e  m ercury in  the gas-sampling bulb is forced up to  flow 
into O. C is then  opened in to  B, and  I  and L  are ad justed  to  open 
the connection betw een M  and A  through J . M  is raised, and 
simultaneously the m ercury in the sam pling bulb is lowered. 
This drives the gas from A  in to  th e  sam pling bulb.

W hen th e  m ercury in the apparatus reaches level 2, stopcocks 
I  and C are closed, and the sam pling bulb is rem oved for analysis 
of the sample. M  is then  lowered; and N  is opened, allowing 
all the m ercury, except th a t  above / ,  to  flow back into the level­
ing bulb. T his m ercury m ay be used in  o ther appara tus during 
the diffusion study.

A t th e  expiration of the  tim e allo tted  for diffusion, a second 
sample is taken. (Diffusion tim e m ust be determ ined according 
to the perm eability of the m aterial to  be tested . As a rule, 48 
hours is satisfactory.) For the second sam ple the gas-sampling 
bulb is connected and m anipulated  as before. M  is raised to  a 
point about level w ith  th e  top  of the diffusion cham ber; I  and L  
are ad justed  so th a t  the m ercury flows in to  th e  diffusion chamber 
through K . As the m ercury flows, the gas sam ple is collected 
in the sam pling bulb. W hen th e  m ercury reaches level 3 the 
stopcocks m ay be sh u t off and  the gas sample removed for analy­
sis. T he m ercury in the diffusion cham ber is re turned  to  the 
leveling bulb.

The gas has been analyzed w ith  a  modified H aldane apparatus 
described by K leiber (6 ). T he m ean standard  difference between 
two results on the same sam ple is below =*=0.01%.

RESULTS

The ra te  of oxygen penetration  can be calculated, assuming the 
amount of gas in th e  diffusion cham ber to  rem ain constant and 
considering the effect of changes in to ta l pressure (barom etric 
fluctuations) negligible in  comparison w ith  th e  effect of a  differ­
ence of p artia l oxygen pressure of 0.2 atm osphere. T he change 
in to ta l am oun t of gas by th e  oxygen entering th e  cham ber also 
is negligible, since the diffusion tim e is chosen so th a t th e  in­
crease of oxygen concentration in the diffusion cham ber does no t 
exceed a  few per cent.

Before using th e  appara tu s for diffusion studies i t  was neces­
sary to  prove th a t  sam ples of gas taken  from the cham ber would 
be comparable. T o establish th is point, opening G was closed 
with a  glass bell, th e  appara tu s was filled w ith  nitrogen, and 
sample 1 was rem oved. As soon as possible (10 to  15 m inutes), 
sample 2 was taken. T he  m ethods of sam pling already de­
scribed were followed. T ypical results are as follows:
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R u n  N o .
O x y g e n  

S a m p le  1
C o n c e n t r a t i o n  

S a m p le  2 E l a p s e d  T im e

% % M in.
1 0 .2 1 0 0 .2 0 4 10
2 0 .3 5 7 0 .3 5 9 15
3 0 .2 2 9 0 .2 2 7 15
4 0 .1 9 0 0 .1 9 8 15
5 0 .2 0 4 0 .2 1 0 10
6 0 .1 8 9 0 .1 9 5 10

As a second check on th e  reliability of the  diffusion equipm ent 
i t  was necessary to  be sure there  were no leaks. T o te s t for 
leaks the  glass bell was placed over opening G, and  th e  appara ­
tu s  was filled w ith nitrogen as before. A sam ple was secured, the 
equipm ent was allowed to  stand , and  then  a second sam ple was 
taken :
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O x y g e n C o n c e n t r a t io n
R u n  N o . S a m p le  1 S a m p le  2 E l a p s e d  T im e

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

Since the differences in  sam ples 1 and 2 in these tabulations 
lie below the figure given by K leiber as the  standard  error of the 
oxygen determ ination  w ith th e  appara tu s used, the diffusion 
cham ber m ay be considered satisfactory, and  the sm all dis­
crepancies betw-een samples m ay be ignored. Leaks have no t 
been observed during th e  period of study  (over 7 m onths), and 
th u s routine checks before each diffusion study would no t seem 
necessary.

T o determ ine th e  ra te  of diffusion of oxygen one m ust know 
the  volum e in to  w hich the gas diffuses.

T he diffusion cham ber was filled w ith  w ater, and th e  volum e of 
w ater was then  m easured by  draining the liquid to  level 2 and 
allowing i t  to  drain  from tube B  ju s t to  stopcock C. W hen dif­
fusion rates were measured on pouches, the volume of th e  pouches 
was taken  by calibrating w ith  w ater. Since the open end of the 
sack is placed in m ercury to  a  dep th  of 1.5 cm., the w ater level in 
calibrating is placed 1.5 cm. from the top of the sack. T he to ta l 
volum e then  is the sum  of the diffusion cham ber volum e plus the 
volume of the sack.

Flexible sacks m ay be im mersed in  the m ercury seal by a t­
taching them  to  glass or m etal rings w ith Scotch tape. M etal 
hooks on th e  top  of rings perm it1 the a ttachm en t of rubber bands, 
which subm erge the juncture  of sack and  ring in to  th e  m ercury. 
F la t pieces of flexible m aterial have been crimped over th e  top  of 
th e  diffusion cham ber and held in place by a  rubber band. This 
m ethod m ay be criticized because i t  introduces folds and  creases 
in  the  m aterial. W ith  th e  low ra te  of penetration  observed in 
the au thors’ m easurem ents, however, those irregularities in  the 
surface areas can hard ly  affect the ra te  of exchange.

T he following d a ta , collected on a sack m ade of M SAT No. 
480 lam inated  cellophane, will serve as an  example of the results:

T he to ta l volum e in to  which the oxygen diffused was 900 m l.; 
the  area of sack exposed was 500 sq. cm.; th e  diffusion tim e was 
555 hours; th e  tem perature  was 30° C. T he oxygen conten t a t  0 
hours was 0.054% ; a t  555 hours, 0.175% . T hus th e  diffusion 
ra te  m ay be calculated as follows:

Volume of gas in diffusion cham ber and  sack X  increase in
_____________________ Oi concentration_____________________

Sack area exposed to  a ir X tim e

ra te /u n it  a re a /u n it tim e

or substitu ting

900 X (0.175 -  0.054)0.01 .  f / ,,
----------- 5 0 0  x  §55------------  =  0.0000039 ml. of O j/sq . cm ./hour
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Use of an A lte rna ting  Current Solenoid in Freeze Tests
H . G . B IM M E R M A N  A N D  W . N . KEEN , O rgan ic Chemicals Department, Rubber Chemicals D ivis ion, 

E. I. du Pont de Nemours & Co., Inc., W ilm ing ton , Del.

NUM EROUS types of apparatus have been developed in the 
past two years to  determ ine th e  relative flexibility and 

b rittle  poin t of synthetic m aterials a t  subzero tem peratures. 
In  employing any “ freeze te s t” to  judge the suitability  of a m ate­
rial for low -tem perature service, the mechanics of th e  te s t device 
used  and the m ethods of conditioning the sample (time, tem pera­
ture, etc., 2) should be considered in addition to  the actual tes t 
d a ta  obtained.

In  order to  reproduce te s t results the velocity of the member 
inducing th e  deform ation m ust be constant, since brittleness is a 
function of th e  ra te  of bending. Inab ility  to  reproduce te s t re­
sults is frequently due to  lack of control of velocity, and  hence of 
the energy supplied by the te s t device.

Figure 1

T he bent loop tes t described by M artin  (6) and  ten tatively  
adopted by A.S.T.M . (D esignation D 736-43T) is an excellent 
type of tes t for determ ining the relative flexibility of a series of 
tes t specimens, b u t the procedure for conducting th e  tes t fails to  
specify a specific ra te  a t  which th e  specimens are to  be flexed. 
M ost appara tus for performing th is te s t employs either a crank 
and  lever or a  direct-push type  of mechanism which is hand- 
operated, perm itting some variation of the ra te  of flexing. T he 
d irect-push type is the sim pler of th e  tw o devices and is the  one 
more commonly used. T he ra te  a t  which th is push-type device 
can be operated depends upon the num ber and flexibility of the 
sam ples under test. O ther flexibility tests, such as the bend tes t 
in which the specimen is ben t through 90° over a  0.125-inch pin, 
or the bend tes t in  which the m andrel size depends on the gage of 
th e  m aterial being tested , arc hand-operated. T hus the ra te  of 
flexing varies from tes t to  tes t and from operator to  operator, and 
variations observed in  te s t results from laboratory  to  laboratory 
depend, to  a large extent, on the hum an elem ent involved in  th e  
tes t.

T he weakness of m ost of the tes t devices wljich have been de­
veloped to  determ ine th e  b rittle  po in t of synthetic m aterials is 
due also' to  the lack of controlled velocity. Bell Telephone 
Laboratories in  presenting the ir hand-operated b rittle  point 
appara tus (8) s ta ted  th a t b e tte r  te s t results were obtained if only 
one sam ple was under tes t a t a tim e. Im proved results were due 
to  b e tte r control of velocity. T his appara tus has been modified 
by M orris, Jam es, and W erkenthin (7) to  give b e tte r control of 
tem perature  and  higher velocity a t  point of im pact. Kemp, 
M alm , and  W inspear (5) have fitted  the original Bell apparatus 
w ith an electric m otor and a  set of gears in  an  a ttem p t to  control 
th e  ra te  a t  which th e  sam ple strikes th e  arm . B oth  groups of 
investigators have concluded th a t  i t  is necessary to  restric t an 
individual te s t to  a  single sample. T he Bell Telephone Labora­
tories’ appara tus w hich has been ten ta tive ly  adopted by 
A .S.T.M . (D 746-43T) operates w ith a quad ran t having a pe­
ripheral speed of 6.5 =*= 0.5 feet per second.

C hatten , Eller, and W erkenthin (I) have developed a  tes t de­
vice in which a swinging pendulum  im parts a  ham m er blow to 
the te s t specimen. Graves and  D avis (4) have presented an 
apparatus in which a  spring-actuated ham m er im parts the blow 
to the te s t specimens. T he motorized apparatus, the pendulum 
device, and the spring-actuated ham m er are very good from the 
standpo in t of control.

A nother b rittle  po in t te s t in which the specimen is subjected to 
a ham m er blow was developed in the Goodrich Laboratories b y  
G arvey (3). I ts  outstanding feature is economy of sample, and 
its main disadvantage is lack of control in  im parting  the ham­
m er blow.

A LTE R N A T IN G  CURRENT S O LE N O ID  AS  A  SOURCE OF POWER

An alternating  current solenoid is a simple, efficient, easily con­
trolled source of power which m ay readily be applied to  many 
existing devices for m easuring freeze resistance. I t  will supply 
energy a t a  reasonably constant rate, if it  is operated a t  constant 
voltage. By varying th e  voltage, the speed a t  which the plunger 
of the solenoid travels m ay readily be controlled. A Very simple 
way of controlling the  desired voltage is by use of a  Variac, an 
autotransform er which can easily be set to  any desired output 
voltage.

T he use of an alternating  current solenoid as it  has been applied 
to  the D u  P o n t brittleness tes te r is shown in Figure 1. The 
brittleness tester consists of an alum inum  drum  from which the 
samples are suspended. The drum  m ay bo ro tated  from outside 
the working cham ber in order to  place the sam ple in front of the 
ham m er. T his ham m er is m ade of linen im pregnated with a 
phenolic resin and is ac tua ted  by the solenoid. T he leading edge 
of the ham m er has been machined to  a 0.0625-inch radius. The 
drum  has tw enty  num bered slots from which samples, 2 X 0.5 X 
0.075 =•= 0.010 inches, are suspended. I t  is counterbored above 
each slot and a spring-activated pin drops into this hole to  ensure 
proper alignm ent of each sample w ith the ham m er before testing. 
The lower edge of th e  slot, over which th e  samples m ust bend or 
break when struck  by the hamm er, has been m achined to  a V« 
inch radius. E ach sample is held in  place by a  m achine screw 
w ith  a  square 'washer. T his appara tus is designed to operate in 
a  cold, d ry  atm osphere (carbon dioxide).

T he alternating  current solenoid which is the  source of power 
for the ham m er is of the pull-type, having a  1-inch stroke, and is 
ra ted  as having a  14-pound pull. T his pull-type solenoid was 
converted to  a  push-type by drilling a 0.25-inch hole through the 
end of the fram e and in to  the  center of the cross section of the 
plunger. A brass rod on which the ham m er is m ounted was 
screwed in to  th e  end of the plunger. A second solenoid, much 
sm aller in  size, is used to  re tu rn  the ham m er to  its  s ta rting  posi­
tion. B oth solenoids are individually controlled and are operated 
on a  110-volt 60-cycle circuit.

T e s t  P r o c e d u r e . The general te s t procedure when there 
are a  large num ber of compounds to  be tested  is as follows:

F our te s t pieces, 2 X 0.5 X 0.075 =*= 0.010 inches, of each of 
five compounds are fastened to  the drum  w ith the machine screws 
ju s t tig h t enough to  hold th e  samples in place, the drum  is pu t on 
th e  te s t stand , and th e  un it is installed in the cold box. After 
th e  desired tem perature has been m aintained for 1 hour the sam­
ples in slots 1, 5, 9, 13, and  17 are tested . W hen any one of these 
samples fails th e  rem aining three pieces of the sam e compound 
are tested  as checks. A fter exposure a t  the next lower tempera­
ture, th e  same procedure is repeated, starting  w ith samples in 
slots 2, 6, 10, 14, and  18. T hus, one sam ple of each compound 
is tested  a t  each tem perature  and  when failure occurs the re­
maining un tested  pieces of th e  com pound are tested . I f  all four 
tes t pieces of a  compound are tested  w ithout failure th e  procedure 
is repeated, s ta rting  w ith the first te s t piece of th a t  group a t  the 
next lower tem perature. •

In  general, th e  tes t is s ta rted  a t  —30° F. and  th e  temperature 
is lowered in  5° F . intervals w ith 1-hour exposure a t  each tem­
perature to  ensure tem peratu re  equilibrium . T he te s t unit is 
ad justed  so th a t the ham m er travels approxim ately 0.25 inch (de­
pending on thickness of sample) after contacting the test piece
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Table I. Du Pont Brittleness Test Data
( H a m m e r  s t r i k i n g  s a m p l e  0 .2 5  in c h  b e lo w  b o t t o m  e d g e  o f  d r u m  a n d  t r a v e l i n g  

0 .2 5  i n c h  a f t e r  m a k in g  c o n ta c t )
C o m p o u n d  T e m p e r a t u r e  o f B r i t t l e  P o i n t ,  °  F .

B u n n S  - 9 0 °  - 9 0 °  - 0 0 °  - 9 0 °  - 9 0 °
N e o p r e n e  T y p e  G N  - 6 5 °  - 6 5 °  - 0 5 °  - 6 5 °  - 6 5 °
N e o p r e n e  T y p e  F R  - 7 5 °  - 7 0 °  - 7 0 °  - 7 5 °  - 7 5 °
R u b b e r  - 6 5 °  - 6 5 °  - 6 0 °  - 6 5 °  - 6 5 °

DU P o n t  b r it t l e n e s s  t e s t e r

( liq u id  m e d iu m  t y p e )

Figure 3

bottom  of the tank  on the left end and the outlet is a t  the top  on 
the righ t end. T he tube shown along the bottom  of the tan k  is 
for th e  purpose of bubbling carbon dioxide through the medium 
in order to  give mild agitation  and to  produce a carbon dioxide 
blanket oyer th e  m edium to  reduce fire hazard. In  case fumes 
from the immersion medium constitu te  a health  hazard, the ap ­
paratus should be operated under a hood.

The pum p used to  provide circulation of the immersion medium 
m ay be controlled by a bim etallic therm orcgulator located in the 
tank  as shown. T he bim etallic therm orcgulator is m ounted in a 
tube in which a nonvolatile liquid, such as a low -tem perature 
hydraulic oil, is used to  p revent volatile vapors from entering 
the cham ber which houses th e  contac t points where arcing m ay 
occur. A condenser placed in  the circuit w ith the bim etallic 
therm orcgulator and the m otor of the pum p will reduce the arcing 
to  a  minim um and help retain  the sensitivity  of the therm oregula­
tor. The tem perature of th e  immersion medium is indicated by 
the therm om eter which is m ounted next to  the bimetallic therm o­
regulator. T he heating un it enables one to  warm up  the immer­
sion medium rapidly.

T he velocity a t  the in s tan t of im pact of the hamm ers for both 
the 14- and  5-pound solenoids was determ ined and  found to  vary 
linearly from 7 to  9 feet per second when the voltage was varied 
from 100 to  120 volts. Therefore, when th e  solenoids are oper­
ated  a t  ra ted  voltage (110 volts) th e  velocity of the ham m ers a t 
the in s tan t of im pact is 8 feet per second.

T he tim e of travel of th e  hamm ers from the po in t of zero ve­
locity to  th e  point of im pact is very short; hence th e  velocity a t  
im pact is affected by the phase of the voltage cycle a t  which the 
solenoid becomes energized. T his seems to  indicate th a t  a more 
scientific te s t un it m ight be obtained if a  direct current solenoid 
were used. However, the use of a direct current solenoid is no t 
only im practicable in m any cases, b u t is believed to  be unneces­
sary. I t  was found experimentally w ith the  u n it w hich is oper­
ated  in a ir th a t the kinetic energy im parted by th e  solenoid a t  
ra ted  voltage was 3.5 tim es the kinetic energy necessary to  break 
the samples. In  view of th is fact, th e  slight variation  in the 
kinetic energy resulting from energizing th e  solenoid a t  various 
phases of th e  voltage cycle is negligible.

A D V A N T A G E S

O peration is simple and  efficient. T he hum an elem ent has 
been elim inated as much as possible from the test.

A variable num ber of samples m ay be tested  a t  one time. 
Stocks of any hardness or those swollen by solvents can be

and strikes i t  0.25 inch below the edge of the drum , thus produc­
ing a bend of approxim ately 45°, as is shown in Figure 2. The 
reproducibility of the b rittle  point for a given compound is excel­
lent. W hen failure occurs the sample breaks off squarely a t  the 
lower edge of the drum .

Table I shows the results obtained w ith the D u P on t brittleness 
tester on four compounds which were tested  five different times 
over a period of 3 weeks.

This appara tus m ay also be used to  determ ine the low-tem­
perature flexibility of coated fabrics. This te s t m ay be conducted 
by replacing the present drum  w ith one th a t has a  longer sk irt on 
which loops of the m aterial to  be tested  are m ounted. After 
being conditioned a t  th e  desired tem perature, each loop is com­
pressed by  the  ham m er against the  drum  until the distance be­
tween ham m er and  drum  is equal to  twice the gage of the fabric.

Figure 3 show's an  isometric sketch of a proposed brittleness 
test apparatus employing an  alternating  current solenoid of the 
push-type.

The basic design of th is appara tu s is similar to  the Bell Tele­
phone Laboratories’ (4) m otorized apparatus, b u t the energy to 
bend the sam ple a t  a  constan t ra te  is supplied by an  alternating 
current solenoid instead of a motor. T his solenoid is ra ted  as 
producing a  5-pound push a t  a  maximum stroke of 1 inch. The 
inside dimensions of the tank  containing the immersion medium 
are 15 X 4.5 X 6 inches, and  sixteen specimens, 1.50 X 0.25 X
0.075 ±  0.010 inches, m ay be m ounted on the sample holder. 
A movable bar, no t snowm in the figure, supports the specimens 
in a horizontal position during the conditioning period. I t  is 
moved to  the fron t of th e  tan k  before testing the specimens. 
The edge of the ham m er th a t strikes the sample has a  0.0625- 
inch radius, which is the same as the radius on the arm  used in 
the Bell Telephone Laboratories’ apparatus. T he position of 
the sample holder on which the specimens are m ounted m ay be 
varied by changing the size of the inserts a t  the supports.

As m ay be seen in Figure 3, the structure supporting the sole­
noid is hinged, in order th a t it m ay be sw'ung back to  simplify the 
operation of rem oving and  replacing the specimen holder. The 
sample holder is equipped w ith small eye-bolts, so th a t hooks m ay 
be used in  removing and replacing the holder. Alignm ent of the 
solenoid w ith  the te s t specimen is assured by a  la tch  which drops 
into the notches shown on the upper rod supporting the solenoid. 
The immersion medium, usually m ethyl alcohol, ethy l alcohol, or 
acetone, is cooled by circulation through a  coil placed in an ace­
tone and dry  ice ba th . T he immersion medium in let is a t  the
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tested . T he velocity a t  im pact and  the ra te  of bending of the 
samples are reasonably constant.

LITERATURE CITED

(1) Chatten, C. K., EUer, S. A., and Wcrkenthin, T . A,, Rubber Age
(N . Y .), 54, 429 (1944).

(2) Forman, D . B., paper presented at April, 1944, meeting of D ivi­
sion of Rubber Chemistry, A.C.S., New York.

(3) Garvey, B. S., Jr., Ind . E x g .  C h e m ., 34, 1320 (1942).

(4) Graves, F. L., and Davis, A. R ., India Rubber World, 109, 41
(1943).

(5) Kemp, A. R., Malm, F . S., and Winspear, G. G., I n d . E n o .
C h e m ., 35, 488 (1943).

(6) Martin, S. M„ Rubber Age (N. Y .), 52, 227 (1942).
(7) Morris, R . E., James, R. R., and Werkentbin, T . A., Ind . E ng.

C h e m ., 35, 864 (1943).
(8) Selker, M. L., Winspear, G. G., and Kemp, A. R., Ibid., 34, 157

(1942).

P r e s e n t e d  b e f o r e  t h e  D iv i s io n  oí R u b b e r  C h e m is t r y ,  A m e r i c a n  C h e m i c a l  

S o c i e t y ,  a t  i t s  N e w  Y o r k  m e e t in g .

M o n e l M e ta l Pouring Plate for Silica Fusions
R. S. Y O U N G , Rhokana Corporation, L im ited , Nkana, Northern Rhodesia

IN  M A N Y  analytical laboratories, particularly  in the mining 
and m etallurgical industries, a  large num ber of silica fusions 

are carried ou t daily. These are  usually m ade in platinum  
crucibles or dishes, using sodium  carbonate or a  m ixture of 
carbonates as a  flux. Fusion m ay be m ade on the sample 
directly o r on th e  insoluble portion a fter prior acid treatm ent.

Figure 1. Pouring Plate

Since these determ inations are generally used for control 
purposes, speed is essential. I f  the fusion is allowed to  solidify 
in the crucible, a  loijg tim e is required to  dissolve th e  contents 
in the dilute hydrochloric acid usually employed. The practice 
of allowing the  m elt to  cool on th e  sides of th e  crucible requires 
careful m anipulation, and even then  m ost of th e  sam ple solidifies 
a t  th e  bottom . W hen solution of the solidified m elt is slow, more 
hydrochloric acid is often added to  hasten  the  action. However, 
as the  resulting solution usually m ust be evaporated to  dryness 
to  rem ove silica, th e  increase in  bulk  prolongs the evaporation 
period. W hen a fusion reacts slowly w ith acid, or adheres to  
th e  crucible, there  is a  tem ptation  to  hasten  solution by  scraping 
w ith a  glass rod, w hich usually results in u ltim ately  deforming 
or injuring th e  platinum . T he tim e lost in  w aiting for cooled 
fusions in  platinum  crucibles to  dissolve is particu larly  im ­
po rtan t to  those laboratories where an abundan t supply of p la t­
inum  ware is n o t available.

T his difficulty can be overcome by pouring th e  m olten fusion 
into a depression on a  Monel m etal plate. T he m ateria l quickly 
solidifies in the form of a  flat bu tto n  which is transferred  w ith  
p latinum -tipped tongs to a  beaker or casserole, together w ith 
the platinum  crucible. A few m illiliters of d ilu te hydrochloric 
acid suffice to  dissolve the th in  film of solidified m elt le ft in th e  
platinum  crucible or dish, which can be washed and  rem oved for 
another fusion in a  m inute  or two. Owing to  its  surface, the 
b u tton  rapidly goes in to  solution in  d ilu te acid. T he chilling 
effect produced by  pouring on th e  Monel plate  gives a  product 
which dissolves m ore readily th a n  a fusion allowed to  cool in  the 
crucible. I f  necessary, solution of the b u tton  m ay  be aided by 
breaking up w ith a  fiat-tipped glass stirring rod.

This procedure was first b rought to  th e  w riter’s notice some 
tim e ago in th e  laboratories of the  In ternational N ickel Com pany 
of C anada a t  Copper Cliff, O ntario, where i t  had been in  use for 
m any years. I t  has since been applied successfully to  a  wide 
varie ty  of products.

T he plate  is illustrated  in  Figure 1. M olten sodium carbonate 
under these conditions lias no effect on M onel m etal. P lates are 
still in perfect condition a fter hundreds of thousands of fusions 
have been poured on them . T ests for copper and  nickel w ith pure 
carbonate fluxes have shown th a t  the quantities of these ele­
m ents picked up from th e  p la te  are below the lim it of quantitative 
determ ination. T he extreme resistance of M onel to  molten 
sodium carbonate does no t extend to  peroxide or bisulfate, and 
fusions of th e  la tte r  should no t be poured onto such a plate. 
T he Monel plate  can be cleaned and polished occasionally with 
any  standard  m etal cleaner and rinsed thoroughly in w ater to 
rem ove traces of polish.

T he p la te  illustrated  in Figure 1 is intended for general ana­
lytical w ork where 0.5- to  2.0-gram sam ples are fused w ith  5 to 
10 tim es the ir w eight of carbonate flux. W here other quan­
tities are employed th e  size of th e  depression m ay be altered 
slightly. The object should be th e  form ation of a  slightly 
rounded bu tton  which will fill the depression b u t no t overflow to 
give a  th in  layer on the p late. In  the  la tte r  case th e  th in  edge of 
the bu tto n  m ay break in several pieces when picked up w ith the 
tongs. A slightly larger plate  to  contain tw o rows of depressions 
m ay be used where a large num ber of fusions are  carried ou t as 
routine determ inations.

Remove the crucible from gas burner or electric furnace when 
contents have fused, pour onto p late, place crucible on Transit« 
or Alberene stone table  top or on th e  plate  itself, pour the next 
crucible, place the first solidified b u tto n  in th e  corresponding 
crucible, and transfer to  beaker or casserole. I t  is no t good

Cractice to  p u t a  red-hot platinum  crucible on a  M onel plate, 
u t a fter the crucible is poured it  is alm ost invariably cool enough 

to  place d irectly  on the plate  beside the bu tto n  if desired. Tip 
the bu tton  from  th e  crucible in to  th e  beaker and  add  a little 
dilute hydrochloric acid to  th e  crucible. C ontinue pouring in 
th is m anner, wash, and remove the crucibles. While the main 
portion of the fusion contained in th e  b u tto n  is dissolving, the 
platinum  crucibles or dishes m ay be used for fu rther fusions.

Spectrophotom etry

Two papers have been prepared by the Research Department oi 
the Calco Chemical Division, American Cyanamid Co., and are avail­
able through the Advertising Department, Bound Brook, N . J.

"Spectrophotometry- and the Colorist” , Calco Technical Bulletin 
756, prepared by E. I. Stearns, discusses interpretation of spectro- 
photometric data and suggests methods of application to mill pro­
duction and research problems.

"Identification of Organic Pigments by Spectrophotometric Curve 
Shape”, Calco Technical Bulletin 754, prepared by R. Abbott and 
E . I. Stearns, illustrates the general method of approach to the 
problem of identification of organic pigments by their characteristic 
absorption curve shape.



A  Simplified Conductometric T itration A pparatus
E D M U N D  M . B U R AS, 

Southern Regional Research

TH E  advantages and  disadvantages of conductom etric ti tra ­
tions are too well known to  be detailed here. I t  is often 

advantageous to  ti tra te  m ixtures or tu rb id  solutions conducto- 
metrically, and th is m ethod has been used in th is laboratory  for 
the analysis of complex m ixtures encountered in research on the 
fireproofing of cotton cloth. However, th e  complicated appara­
tus ordinarily used discourages m ore general application of the 
method. T he appara tu s described by W hittem ore and his co­
workers (3, 4, 6) is perhaps th e  simplest. In  their m ethod the 
voltage is ad justed  to  a  constan t value a fter each addition of 
titrating solution and th e  current passing through the conduc­
tivity cell is m easured. By plotting milliliters of solution added 
against milliamperes, a  typical conductom etric curve is ob­
tained.

This appara tus and procedure have been further simplified in 
this laboratory  by the use of a  constant-voltage transform er and 
an alternating  current m illiam m eter of low in ternal resistance, 
as diagramed in Figure 1, considering the circuit a t  M  completed 
through A .

The innovation, though simple, m akes th e  conductom etric 
titration very  easy, since i t  is only necessary to  read one m eter, 
compared w ith  th e  form er procedure involving the ad justm ent of 
a fluctuating voltage w ith a  potentiom eter, reading th is on a 
voltmeter, and sim ultaneously reading th e  m illiam meter.

The constant-voltage transform er, T\, is the type generally 
used for 8-volt lam ps in such instrum ents as the Coleman spectro­
photometer and thus is generally available. I ts  cost is less than  
that of the m eter, transform er, and potentiom eters i t  replaces. 
The more common 115-volt constant-voltage transform er w ith 
an auxiliary step-down transform er is equally suitable and this 
combination m ay be substitu ted  for T\. Along w ith the con­
stant-voltage transform er it  m ay be necessary to  have an addi­
tional constan t load to  m eet its  m inim um  load requirem ent and 
avoid overheating.

Because of w ar conditions, the  sale of m eters is restricted, and, 
unfortunately, an alternating  curren t m illiam m eter is more rarely 
used th an  o ther types in  a chemical laboratory. A low-range 
alternating current voltm eter is nearly always available, how­
ever. In  th is laboratory, th e  2.5-volt range of an  alternating  cur­
rent m eter of the rectifier type, 1000 ohms per volt, was used in­
stead of a m illiam m eter as follows:

A radio-type transform er, T 2, commonly known as an audio­
output transform er, w ith an  im pedance ratio  of abou t 500 to 1 
(turn ratio  of 22 to  1), was used as a cu rren t transform er to  
convert the relatively high current a t  a  small voltage drop to  a 
much higher voltage, and impress th is voltage on the m eter. I t  
was then  possible to  read the current directly from the m eter in 
relative units. I f  actual values are desired, the factor m ay be 
obtained from a  consideration of the m eter and transform er con­
stants, or by d irect calibration. T his circuit is shown in Figure 1, 
considering th e  circuit a t  M  completed through B . T he tran s­
former to  be used as T t  should be selected to  reflect the resistance 
of the m eter as 5 ohms in series w ith the cell—for example, to  use 
the components cited above, a transform er m atching 2500 ohms 
to 5 ohms was used. In  general, satisfactory results are obtained 
using a  value w ithin the lim its of 4 to  8 ohms for th e  low-imped- 
ance winding.

Electrodes are  conveniently m ade by welding platinum  disks to 
platinum wire and sealing each in to  appropriately shaped glass 
tubes as shown in Figure 1. T he size of the electrodes and the 
distance between them  are chosen to  give a convenient initial 
conductance. F or example, in the titra tio n  of approxim ately 100 
ml. of 0.001 N  solution w ith 0.01 N  reagents, disks 1 cm. in diam ­
eter and spaced abou t2 .5  cm. ap a rt were used. In  th e  titra tio n  of 
approximately 100 ml. of 0.01 N  solutions w ith 0.1 N  reagents, 
disks 0.3 cm. in diam eter and  spaced about 3 cm. ap a rt were used. 
It was found th a t  the appara tus described was generally suitable 
for cell-electrolyte combinations which resulted in resistances of 
the order of 400 to  10,000 ohms. I t  was no t found necessary to
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extend the range in the direction of lower resistances, as this 
could be circum vented by titra tin g  w ith more d ilu te solutions.

The lim it of accuracy of conductom etric methods, given by 
KolthoiT and Sandell (3) as 0.5 to  1%, is readily a tta ined  w ith 
reasonable precautions:

The solution being titra ted  should be uniformly stirred  w ith a 
glass stirrer (not a m etal one), b u t a “ whirlpool” should no t be 
allowed, since the addition of the  titra tin g  medium will change 
the shape of the vortex and cause an irregularity in the curve.

The beaker and electrodes should not be moved once the t i tr a ­
tion is begun.

T he two transform ers (if 7% is used) m ust be placed w ith their 
cores a t  r igh t angles or sufficiently d is tan t from each o ther to  
avoid inducing current in T t.

T he concentration of the reagent solution should be a t  least 
10 to 20 tim es th a t  of the solution 'to  be titra ted  in order to  obtain 
rectilinear graphs.

Figure I. Diagrams of S im plified Conductometric Apparatus

7*i. 8-volt constant-voltageftransformer (or combination of 115-volt constant-voltage 
transformer and 115- to 8-volt step-down transformer)

M.  To be completed through either circuit A  or B
Circuit A. A,  metering circuit using milliammeter I

I , low-resistance 0- to 30-milliampere alternating current meter

Circuit B. B,  metering circuit using T 2  and voltmeter V 
T 2 , audio-output transformer
V, 0- to 2.5-volt alternating current meter, 1000 ohms per volt

G raphs of conductom etric titra tio n s obtainable w ith th is ap ­
para tus are of th e  sam e type  and  precision as shown by other 
au thors {1, S, J,, 5). T he  tex t by B ritton  (1) is particu larly  useful 
for in terpre tation  of th e  g raphs obtained.
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A n  Improved Timing Siphon

W ILL IA M  R. M c M IL L A N 1 
Carnegie Institute o f Technology, Pittsburgh, Pa.

CY C L IC  processes can best be controlled by the use of a 
clock m otor or o ther sim ilar device. However,- a  sub­

s titu te  for a  m echanical tim er is often needed. In  th is labo­
ra to ry  the common siphon proved unsatisfactory for such use 
because after the first delivery of w ater, th e  siphon tube  rem ains 
full of bubbles. In  th is case, the siphon vessel m ay never again 
fill up, the w ater siphoning ou t as fa s t as it  runs in, or the siphon 
m ay operate when the vessel is only one-fourth or one-half 
full.

T his difficulty is overcome in the design given in Figure 1.

By controlling the ra te  of influx of w ater, the ra te  of draining 
w ith th e  siphon, and  th e  placing of the electrodes, alm ost any 
length of cycle can be obtained.

LITERATURE CITED

(1) R udy and Fugassi, Ind . E n o . Chem ., A n a l . Ed., 12, 757 (1040).

Simple A u tom atic  Pump for 

Collecting Gases at Low Pressures

I. E. P U D D IN G T O N  

D ivision o f Chemistry, N ational Research Council, O ttawa, Canada

Figure 1

T he central tube is 1.5 cm. in diam eter andjjoins on to  a 5-mm. 
tube. T h is  large central tube completely breaks up the bubble 
string and gives cycles which are accurate to  2 or 3%  if the w ater 
tem perature  does no t vary  too greatly . T he Size of the outer 
vessel can be varied to any  size, while the central tube and  the 
draining tube  can be enlarged to  any  degree, provided the ratio  
of sizes is no t m ade sm aller and  th e  draining tube does no t be­
come too large actually  to  function as a siphon. A conventional 
constant-head device furnished a constant flow of w ater to  the 
vessel containing th e  siphon.

T he conductivity of the w ater can be used to  work the con­
tro l mechanisms as follows: Two electrodes which are in term it­
ten tly  bathed  by the w ater can be connected to  a  source of 
power and  a  suitable relay which in tu rn  can ac tua te  pumps, 
valves, lights, etc. A satisfactory relay circuit is described by 
R udy and  Fugassi (1).

L iquids o ther th a n  w ater can be used w ith th is device, with 
due regard for abnorm al viscosity or for vapor pressure which 
m ight cause bubble form ation due to  th e  lower pressure a t  th e  
top  of the siphon tube.

In  place of conductivity  control, a  photoelectric control m ay 
also be used.

P r e s e n t  a d d r e s s ,  M in e  S a f e t y  A p p l i a n c e s  C o . ,  P i t t s b u r g h ,  P a .

IN A particular piece of work it was found desirable to mnin- 
ta in  a reaction m ixture a t  low pressure and  a t  the same time 

to  collect evolved gases. Since the reaction was being followed 
for extended periods, a  m anually  controlled pum p such as a 
Toepler was inconvenient. T he following simple design was 
found to  be efficient and required v irtually  no a tten tion  during 
long periods of operation.

T he details of the design are shown in the figure. I t  consists 
essentially of a  m ercury diffusion pum p in which the compressed 
gas, instead of being removed by a  mechanical pum p in the usual 
way, is entrained by the condensed mercury, as in the ordinary 
Sprcngle pum p, carried down the capillary tube, A , and dis­
charged into the gas holder, C. A second capillary, B, returns 
the m ercury from the gas holder to the boiler.

T he height of the diffusion pum p above the m ercury boiler 
m ust be sufficiently great to keep the hydrostatic  pressure of

the m ercury and entrained gas 
in A  always greater than  the mer­
cury alone in B. In  the present 
design, which operated success­
fully on system s where the pres­
sure was as high as 3 cm. of mer­
cury, th is height is ab o u t'40 cm. 
Pum ping speeds should be greater 
as this head is increased. In  order 
th a t the collected gas should not 
occupy too large a volume, the gas 
holder should be  located about 40 
cm. below the level of the mercury 
in the boiler.

Capillary tubing of 2-mm. dia­
m eter is satisfactory for the top 
half of A , while the use of 1-mm. 
tubing in the bottom  half greatly 
reduces th e  tendency for com­
pressed gas bubbles to  move up 
the tube. A heating element of 
about 60-w att capacity wrapped 
about th e  tube  delivering mercury 
vapor to th e  je ts  reduces bumping 
in the boiler and eliminates exces­
sive refluxing of the mercury.

This pum p is particularly use­
ful for collecting gases a t low 
pressures. I ts  limited capacity 
makes it ra ther slow a t' higher 
pressures. T he design described 
reduced th e  pressure in a 350-cc. 
volume from 35 to  less than 
10-5 mm. in 3 hours. A  lowering 
from 1 to 10~5 mm . was ob­
tained in  the same system in 15 
minutes.

I s s u e d  a s  N .R .C .  N o .  1216.



Determining V o la tile  Bases in Fish

Comparison of Precision of Certain M ethods

M A U R IC E  E. STAN S BY , RO G ER W . H A R R IS O N , J O H N  D A S S O W , a n d  M A R IE  SATER 

Technological Laboratory, U . S. Fish and W ild life  Service, Seattle, Wash.

Methods were Investigated for determining total vo latile  base and 
tertiary vo la tile  base in fish flesh as an index of spoilage. Sampling 
methods tested included use of press ju ice , protein-free press ju ice, 
60% ethanol-leached samples, samples “ liq u id iz e d " with 6 0 %  
ethanol, and samples of ground fish suspended d ire c tly  in solution. 
Volatile  base was removed by  m icrodiffusion, d istilla tion , and 
aeration. M ost precise results were obtained for total volatile 
base b y  extracting the fish flesh with 6 0 %  ethanol and removing 
the vo la tile  base by  d istilla tion  from the solution made alkaline 
with borax. Tertiary vo la tile  base could best be determined by 
a slight m odification of the m icrodiffusion method o f Beatty and 
Gibbons (3 ) whereby a sample extracted w ith 6 0 %  ethanol was 
used in place of press ju ice .

TH E  determ ination of volatile bases in  fish has been widely 
used as an  index of the  freshness of fish. A considerable 

number of procedures have been suggested, and since results 
obtained by th e  different m ethods are no t always in agreement, 
the com parative results obtained by some of them  have been 
studied. These were procedures which obtain  th e  to ta l volatile 
base by separation from alkaline solution in to  an  excess of stand­
ard acid or which determ ine te rtia ry  amines by separation in the 
presence of formaldehyde.

S A M P L IN G  TECHNIQUE

An experim ental lo t of fish of varying degrees of freshness was 
prepared as follows: Fifty-five eviscerated silver salmon were 
procured when 4 hours ou t of the water. Tw enty  fish were stored 
at room tem perature  and 30 in crushed ice. Five were dressed 
immediately and  the flesh, free of skin and  bones, was ground 
twice through an  electric m eat grinder, mixed thoroughly, and 
packed in 0.2-kg. (0.5-pound) cans. The sealed cans were im­
mediately frozen and stored a t  about —15 ° C. (5 ° F .) . A t suitable 
intervals the salm on stored a t  room tem perature or in ice were 
sampled by removing five fish and  trea ting  as above. I t  was 
assumed th a t  no increase in volatile base occurred after freezing, 
and the cans of frozen fish were used for subsequent tests. (All 
tests were completed w ithin 6 m onths; additional samples stored 
3.5 years showed an  average increase in to ta l volatile base of 
18%. G reatest decomposition occurred in the fresher samples 
where significant changes m ay have occurred during th e  6 m onths’ 
storage period.)

The m ethod of bringing the volatile base in to  solution prior to  
distillation into standard  acid is of im portance in obtaining ac­
curate results. I f  both  volatile base and  o ther nitrogenous sub­
stances are present during distillation, th e  la tte r  m ay break down 
to give added volatile base. Low results m ay be obtained if 
an a ttem pt is m ade to  ex tract the volatile base from the protein 
or if the protein is rem oved from solution by precipitation. In  
the first case all the  base m ay no t be extracted and in  the  second 
case it m ay be lost by being adsorbed on the protein  precipitate.

In obtaining press juice for th e  tests, th e  ground fish flesh was 
placed in a  canvas cloth and pressed in a C arver laboratory 
Press a t  a  pressure of 8000 to  10,000 pounds per square inch 
(562 to  703 kg. per sq. cm.). Since the fish had been frozen, 
relatively large volumes of press juice were obtained (100 to  200 
ml. of juice per kg. of flesh). The press juice ordinarily was 
dear, b u t became cloudy upon standing. W hen m ade alkaline 
(or the distillation and particularly  in the presence of formalde­
hyde, it frequently gelled, especially if from stale fish. W ith 
fresh fish the juice usually became very cloudy, and  sometimes 
considerable sedim ent settled out, b u t as a  rule it  did no t solidify.

A series of tes ts  was m ade w ith press juice from which the 
Protein had been precipitated by trichloroacetic acid. Tw enty-

five milliliters of the juice were trea ted  w ith a  few milliliters of a 
sa tu ra ted  trichloroacetic acid solution in a centrifuge tube. 
After centrifuging, the clear solution was decanted into a 100-ml. 
volum etric flask, and the voluminous precipitate was washed 
three times w ith 10-ml. portions of w ater. The combined solu­
tion and washings were m ade up to  100 ml. for the determ ina­
tion. The solution was clear and little or no sedim ent separated  
either upon standing or when made alkaline.

T he exceedingly gum m y na tu re  of th e  precip itate formed when 
trichloroacetic acid was added to  the press juice m ade washing 
difficult, and doubtlessly considerable of the volatile base was 
left adhering to  th e  precipitate. In  some instances th e  precipi­
ta te  was more gum m y than  in  others, making for irregular ad ­
sorption of volatile base. A more easily washed precipitate 
could be obtained by precipitating diluted press juice, b u t so 
high a  dilution was required (ten tim es or more) th a t  th e  re­
sulting sam ple did n o t contain enough volatile base to  give 
reproducible results.

Extractions of the fish bo th  w ith w ater and  w ith 60%  ethanol 
as described for m eat by Allen (I) were tried . Prelim inary tests 
indicated th a t for fish, as for m eat m uch more consistent results 
were obtained by means of the ethanol extractions; so all tests 
were made in th is way. F orty  gram s of fish were stirred  m echan­
ically w ith 60 ml. of 60%  ethanol, in a  250-ml. centrifuge bottle 
the solution was centrifuged and th e  clear solution decanted 
into a volum etric flask. T ne stirring and centrifuging were 
repeated w ith two more 75-ml. portions of 60%  ethanol and the 
combined leachings were m ade up to  250 ml. The final solution 
was clear and did no t solidify upon being made alkaline.

A nother series of tests  was run  in  which the fish was finely dis­
integrated in 60%  ethanol by  m eans of a  liquidizer. (Several 
brands of this type  appara tu s were tried. Of those used, the 
W aring Blendor w ith special alum inum  container gave the best 
results. This special container had a  screw-type lid wliich pre­
vented loss of solution during operation and gave quan tita tive  
results. W ith  equipm ent in which the lid merely sa t upon the 
top  of the vessel, an  appreciable loss of'solution sometimes oc­
curred.)

F o rty  gram s of fish and 100 ml. of 60%  ethanol were liquidized 
for 5 m inutes, a fter which tim e th e  fish was completely dis­
integrated and formed a stable suspension from which the solid 
could be rem oved completely only by centrifuging. T he solids 
rem aining in the centrifuge tube were washed w ith tw o 25-ml. 
portions of 60%  ethanol and the combined solution and washings 
were m ade up to  250 ml. T he resulting solution was clear im ­
m ediately after preparation bu t a  fine precipitate usually formed 
after a  short tim e giving a cloudy appearance.

SEPAR ATIO N  OF V O L A T IL E  BASE

D eterm inations were run  using the Conway and B yrne (4) 
microdiffusion technique as modified for fish by B ea tty  and 
Gibbons (S), and also using press juice freed of protein by tr i­
chloroacetic acid trea tm en t. In  applying the  microdiffusion 
technique improvised glassware was used in place of the regular 
Conway dishes which were no t readily available. A 5-ml. 
beaker for holding the standard  acid was placed inside a  Stender 
dish (60 mm. in diam eter and 28 mm. deep). In  order to  assure 
th a t  the lids of the Stender dishes in  all cases fit tightly , it  was 
necessary to  regrind them  w ith  C arborundum  and  use a  fairly 
heavy coating of stopcock grease. T he ratio  of surfaces of al­
kaline tes t sample and  of standard  acid exposed to  to ta l volumes 
is less in this improvised equipm ent th an  in standard  Conway 
dishes b u t prelim inary experim ents showed th a t  by increasing 
slightly th e  tim e of standing and  tem perature of incubation, re­
covery of am m onia from bo th  pure am m onium  chloride solution 
and standard  am m onium  chloride added to  fish solutions was 
adequate (recovery consistently over 90%, usually be tte r th an  
95%  from solutions 0.001 N  or stronger).

Samples prepared by extraction w ith alcohol were also dis­
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tilled a t  atm ospheria pressure. T he presence of the alcohol 
during the distillation m aterially  aided in reducing foaming. 
An excess of borax was used in place of magnesium oxide be­
cause it  no t only reduces hydrolysis of nitrogenous substances by 
virtue of its lower pH , b u t also, being denser .than magnesium 
oxide, has less tendency to  cause foaming. This distillation pro­
cedure is a  considerable im provem ent over the ordinary aqueous 
distillations using magnesium oxide and a  ba tte ry  of six or more 
can easily be run  with little  or no atten tion .

Aeration was carried ou t in the appara tus exactly as described 
by the A.O.A.C. (2) procedure for m eat, in which case finely 
ground fish flesh was suspended in w ater. In  other cases fish 
flesh was liquidized w ith 60%  ethanol and  the resulting solution 
made alkaline and aerated w ithout rem oval of fish particles. 
Aeration units were set up in batteries of six units in parallel 
and some difficulty was encountered in obtaining uniform aera­
tion. T his difficulty was overcome by use of capillary tubing 
of appropriate lengths as entrance tubes into each of the six 
tubes containing the fish samples. By adjusting the length of 
this tubing the pressure could be equalized, perm itting uniform 
aeration in all samples. Four such batteries of six units were 
run a t  once.

An aeration period of 5 hours w as used in all cases. Further 
aeration gave a  slight increase in volatile base b u t this increase

continued indefinitely as long as the aeration  was carried out, 
and  probably represented a breakdow n of the protein or other 
nitrogenous substances. All determ inations were run in tripli­
cate to  allow for discarding occasional sam ples which did not 
receive adequate aeration when the inlet tubes to  the sample 
vessels became clogged w ith fish flesh. L ittle  or no difficulty 
was encountered w ith tubes becoming clogged when samples

Erepared in the liquidizer were used. In  these cases the fish, 
eing of a much finer s ta te  of subdivision, did no t se ttle  out as 

long as the aeration continued.
T ertiary  volatile base was determ ined in each case by ad­

dition of neu tral form aldehyde to  the final solution of fish. The 
difference between th e  am ount of standard  alkali used in the de­
term ination and  the blank was taken  as equivalent to  the volatile 
base present.

DISCUSSION O F RESULTS

Fish stored a t  room tem perature for 1 day wore still reasonably 
fresh b u t were slightly stale a fter 2 days (see Tables I  and II). 
Accordingly, if to ta l volatile base or te rtia ry  volatile base is to 
be used as an index of spoilage a  large increase would be antici­
pated  between fish stored for 1 and 2 days. W ith the fish

Table I. Ind iv idua l Determinations and Averages for Total V o la tile  Base in Silver Salmon“
M il l ig r a m s  o f  N i t r o g e n  p e r  1 0 0  G r a m s  o f  F i s h  o r  p e r  1 0 0  M il l i l i t e r s  o f P r e s s  J u ic e

S a m p le
N o .

- M i c r o d i f f u s i o n - - D i s t i l l a t i o n - - A e r a t i o n -

S t o r a g e  C o n d i t i o n s  o f  F i s h

F i s h  4  h o u r s  o u t  o f  w a te r .  
F r e e h

1 d a y  a t  r o o m  t e m p e r a t u r e .  
F r e s h

2  d a y s  a t  r o o m  t e m p e r a t u r e .  
S l ig h t ly  s t a l e

3  d a y s  a t  r o o m  t e m p e r a t u r e .  
V e r y  s t a l e

4 d a y s  a t  r o o m  t e m p e r a t u r e .  
P u t r i d

3  d a y s  in  ic e .  F r e s h

6 d a y s  in  Ice . F r e s h

10  d a y s  i n  ice . S l ig h t ly  
s w e e t  o d o r

13  d a y s  i n  ic e .  S l ig h t ly  s t a l e

15  d a y s  in  ic e . S t a le

17 d a y s  in  ic e .  V e r y  s t a l e  to  
8l i g h t l y  p u t r i d

A v .

A v .

Av.

A v .

A v .

A v ,

A v .

A v .

A v .

A v .

s a m p l in g  e r r o r s ,  e r r o r s  i n  s e p a r a t i o n s ,  a n d  t i t r a t i o n  e r r o r s .

P r e s s  j u ic e
P r o t e i n  f re e  

p r e s s  ju ic e

L e a c h e d  
w i t h  6 0 %  

e th a n o l

L i q u id i z e d  
w i th  6 0 %  

e th a n o l

L e a c h e d  
w i th  6 0 %  

e th a n o l

L iq u id iz e d  
w i th  6 0 %  

e th a n o l

S u s p e n d e d  in  
w a t e r  

( A .O .A .C .) L iq u id iz e d

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4 8 .9 2 2 . 0 2 8 .1 3 0 . 6 3 3 . 4 3 0 . 9 1 7 .5 3 8 .1
m  b e g in n i n g  o f s a m p l in g  a n d  w a s  c a r r ie d  o u t  s e p a r a t e l y ,  s o  t h a t  d i f f e re n c e s  in r e s u l t s  a r e  d u e  to  com bined
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believed to  be caused by the tendency of press juice from such 
samples partially  to  solidify when m ade alkaline. Loaching 
th e  flsh by stirring the flesh (previously ground in a  m eat grinder) 
w ith several portions of 60%  ethanol gave good precision; th is 
m ethod is very time-consuming, b u t can be used if a  liquidizer 
is no t available.

METHODS O F R E M O V IN G  V O L A T IL E  BASE

In  prelim inary tests  the three m ethods of separating volatile 
base gave good precision when used on pure solutions in absence 
of fish. E rrors occurring in the presence of fish were due largely 
to  decomposition of protein, or other nitrogenous compounds, 
such as trim ethylam ine oxide during the separation frem  the 
alkaline solution. Tho results obtained did not indicate any 
outstanding advantage for any one m ethod in all cases.

M i c r o d i f f u s i o n .  T his . procedure has two advantages. 
F irst, it  is convenient, especially w ith respect to  saving in time, 
since m any tes ts  can be run sim ultaneously and little  a tten tio n  
is required during the separation. T he second advantage lies 
in the low tem perature  which can be m aintained during separa­

Table II. Ind iv idua l Determ inations and Averages for Tertiary V o la tile  Base in Silver Salmon"
M il l ig r a m s  o f N i t r o g e n  p e r  1 0 0  G r a m s  o f  F i s h  o r  p e r  10 0  M i l l i l i t e r s  o f  P r e s s  J u ic e  
 M ic r o d if f u s io n    * ✓---------D i s t i l l a t i o n --------- ✓--------------------A e r a tio n -

L e a c h e d L i q u id i z e d L e a c h e d L iq u id iz e d S u s p e n d e d
S a m p le P r o t e i n  f re e w i th  6 0 % w i t h  6 0 % w ith  6 0 % w ith  6 0 % i n  w a te r

N o . S t o r a g e  C o n d i t io n : )  o f  F i s h P r e s s  j u ic e p r e s s  j u ic e e th a n o l e th a n o l e th a n o l e th a n o l ( A .O .A .C .) L i q u id i z e d
1 F i s h  4  h o u r s  o u t  o f  w a te r . 0 . 0 0 0 . 2 3 0 . 0 0 0 . 1 3 0 . 0 0 1 .0 0 0 .2 X 0 .6 1

F r e s h 0 . 0 0 0 . 0 0 0 . 0 4 0 . 1 0 0 . 0 0 1 .1 0 0 .2 1 0 .5 1
0 . 3 0 0 .2 1 0 .5 1

A v . 0 . 1 0 0 .1 2 0 . 0 2 0 . 1 2 0 . 0 0 1 .0 5 0 .2 1 0 . 5 1

2 I  d a y  a t  r o o m  t e m p e r a t u r e . 0 . 2 7 0 . 0 0 1 . J 3 0 . 1 7 1 .2 1 0 . 7 0 0 . 3 9 0 . 2 2
F r e s h '  0 . 0 0 0 . 3 8 1 .0 5 0 . 1 0 0 . 7 2 0 . 6 7 0 .2 9 0 . 7 3

0 . 0 0 , , 0 . 7 0 .  . i 0 . 3 4 0 . 4 4
0 . 6 4 0 . 7 7 .  .  •

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

3 2 d a y s  a t  r o o m  t e m p e r a t u r e . 3 . 6 1 .7 5 4 . 3 2 . 3 8 . 2 8 . 1 5 . 2 9 . 4
6 h g h t l y  s ta l e 3 . 2 4 . 2 4 . 2 2 . 2 8 . 2 8 . 7 6 . 4 9 . 2

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

A v . 3 . 1 7 2 . 9 8 4 . 2 5 2 . 3 8 . 2 8 . 4 5 . 0 9 . 4

4 3 d a y s  a t  s o o m  t e m p e r a t u r e ; 0 . 6 4 . 1 6 . 0 3 . 5 1 3 .4 1 3 .3 5 .1 1 1 .9
V e r y  s to l e 6 . 8 2 . 6 6 . 9 3 . 5 1 2 .4 1 3 .8 5 . 1 1 1 .7

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

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

6 4  d a y s  a t  r o o m  t e m p e r a t u r e . 1 2 .4 6 . 1 8 . 0 3 . 9 1 5 .3 1 4 .7 6 . 5 1 3 .6
P u t r i d 1 0 .9 4 . 1 8 . 6 3 . 8 1 5 .4 1 4 .2 8 . 2 1 3 .4

8 . 3 , , .. 3 . 9 1 1 .1
8 . 0 4 . 0 • .  •

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

A 3  d a y s  i n  io e . F r e s h 0 . 2 6 0 . 0 0 0 .1 2 0 . 2 5 0 .6 1 1 .0 0 0 . 4 0 0 .3 1
0 . 3 2 0 . 7 8 0 . 0 0 0 .2 8 0 .0 1 1 .3 0 0 .4 9 0 . 3 1
0 . 7 6 0 .0 7 0 . 4 2 0 . 4 0 * . .

0 . 0 5 0 . 3 0 • . .

A v . 0 . 4 4 0 .3 9 0 . 0 8 0 . 1 6 0 . 4 9 1 .1 5 0 . 4 3 0 .3 1

B 6  d a y s  in  ic e .  F r e s h 0 . 8 8 0 .5 0 0 . 6 0 0 . 3 5 1 .3 0 1 .3 0 0 . 4 5 1 .1 4
0 . 2 0 ■ 0 .4 5 0 . 6 0 0 . 3 8 1 .3 0 1 .0 5 0 . 4 5 1 .1 4
0 . 2 2 , , 1 .3 0

1 .1 1
A v . 0 . 4 3 0 . 4 8 0 . 6 0 0 . 3 7 1 .2 5 1 .1 8 0 . 4 5 1 .1 4

C 10 d a y s  i n  ic e .  S l ig h t ly 0 . 9 0 0 . 2 8 0 . 8 0 0 . 8 0 2 . 0 0 2 . 3 1 .2 9 1 .8 7
s w e e t  o d o r 0 . 8 3 3 . 2 0 . 7 0 0 . 7 0 2 . 0 0 2 . 1 1 .2 4 1 . 8 7

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

A v . 0 . 8 2 1 .6 2 0 . 7 5 0 . 7 6 1 .9 9 2 . 2 1 .2 7 1 .8 7

D 13  d a y s  i n  ic e .  S l ig h t ly  s t a l e 3 . 3 2 . 4 3 . 6 1 .2 8 5 . 8 5 . 2 4 . 2 5 . 9
1 . 5 3 . 3 3 . 0 1 .2 6 6 . 0 6 . 3 4 . 0 6 . 7
1 .7 5 . 0 3 . 8 0 . 1
3 . 9 .. 4 . 8 .  • .
4 . 3 5 . 6

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

E 16  d a y s  i n  io e . S t a le 6 . 0 4 . 5 3 . 0 2 . 2 5 . 3 6 . 7 6 . 3 7 . 4
1 .4 9 4 . 6 5 . 0 1 .6 7 6 . 0 7 . 0 6 . 6 7 . 5
2 . 0 5 . 8 . . . 7 . 4
6 . 8 . , ,. ...
4 . 5

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

F 1 7  d a y s  in  i c e .  V e r y  s t a l e 7 . 8 8 . 2 7 . 1 2 . 4 1 2 .1 1 0 .5 6 . 4 9 . 7
t o  s l i g h t l y  p u t r i d 6 . 4 7 . 8 7 . 0 2 . 5 1 2 .0 1 0 .9 7 . 5 9 . 9

3 . 3 ,, 6 . 9
6 . 0

A v . 5 .8 7 8 . 0 7 . 0 5 2 . 4 5 1 2 .1 1 0 .7 6 . 9 9 . 8
a E a c h  d e t e r m i n a t i o n  r e p o r t e d  w a s  s t a r t e d  f r o m  b e g in n in g  o f s a m p l in g  a n d  e a r r ie d  o u t  s e p a r a t e l y ,  s o  t h a t  d i f f e r e n c e s  i n  r e s u l t s  a r e  d u e  t o  c o m b i n e d  s a m p l in g  

errors, e r r o r s  i n  s e p a r a t i o n s ,  a n d  t i t r a t i o n  e r r o r s .

stored in ice a  more gradual deterioration took place. After 
6 days th e  fish were still fresh, b u t after 10 days, although no t a t 
all stale, they  had developed a slightly sweet odor. A fter 13 
days in ice th e  fish were slightly 6tale. Corresponding increases 
in volatile base con ten t were found w ith  bo th  lots of fish, and 
larger or sm aller increases were obtained by all tho m ethods of 
analysis.

S A M P L IN G  M ETHODS

E rrors due to  sampling m ethods would be m ost apparen t as 
poor precision when several determ inations were run on the same 
lot of fish. Of the  five sam pling m ethods used, outstandingly 
high reproducibility was obtained by use of th e  ‘'liquidizer” . 
Precision was uniform ly high by th is method, and there can be 
little doubt b u t th a t  of tho m ethods tried  it gives by far tho m ost 
homogeneous sample, which is also readily adaptable to  sub­
sequent steps of the determ ination.

Use of press juice, while simpler and som ewhat less time- 
consuming th an  th e  use of the liquidized sample, gave very poor 
precision especially when working w ith stale samples. T his is



tion, which assures a m inim um  decomposition of nitrogenous 
compounds.

D isadvantages are  a  lack of high precision, necessity of special 
equipm ent, and th e  need for g reat care in cleansing glassware 
and  in m aking titra tions. T he lack of precision is due to  errors 
in titra tio n  which occurred even when using a m icroburet be­
cause of the very sm all sam ple size. A fairly high dilution of the 
fish is required if a  liquidizer is employed, owing to  th e  relatively 
large volume of liquid needed to  operate th is equipm ent. In  
practice i t  was found th a t a  concentration of fish corresponding 
to  only about 150 gram s per liter could bo prepared and only 
0.3 gram  of fish is present when 2 ml. of this solution are used. 
W ith  fresh samples having low volatile base content, such a small 
sam ple im pairs precision.

D i s t i l l a t i o n . Standard  K jeldahl distillation appara tus can 
be used, results can be obtained in a  very short tim e, and  very 
high precision is readily obtained, owing to  the  larger fish sample 
used (up to  40 gram s per titra tion ).

D isadvantages include th e  necessity of w atching the distilla­
tions to  preven t foaming, and the high results obtained for the 
te rtia ry  volatile base determ inations where values up to  ten 
tim es as high as by th e  o ther procedure were found w ith fresh 
samples. T he distillation procedure seems to  be m ost suitable 
for determ ining to ta l volatile base b u t i t  cannot be used for deter­
m ining th e  te rtia ry  bases unless allowance is m ade for the higher 
results obtained, especially w ith fresh fish.

A e r a t i o n  P r o c e d u r e . A eration is carried ou t a t  room tem ­
perature, so th a t  a  minim um of decomposition of nitrogenous 
constituents takes place. However, since no a ttem p t is m ade 
to  rem ove such nitrogenous m aterial as is done w ith th e  other 
methods, even a  slight decomposition of th e  large concentration 
of these interfering substances m ay be m ore serious th an  in the 
o ther m ethods. T his m ethod has the  advantage of requiring a 
minim um  of tim e to  prepare th e  sample, since the  centrifuging 
and  washing steps are  elim inated. D isadvantages include use 
of special equipm ent, long aeration  tim e, and need for constant 
a tten tio n  during aeration to  p revent clogging of the aeration 
tubes. T his m ethod is ra th e r cumbersome and is n o t recom­
m ended, although reasonably precise results are obtained.

RECOM M ENDED PROCEDURE

F orty  gram s of fish are placed in a  liquidizer (preferably w ith 
a  tight-fitting  lid) w ith 100 ml. of 60%  ethanol and  mixed for 
5 m inutes. The contents of th e  liquidizer are  transferred
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quantita tively  to  a  250-ml. centrifuge bottle, using 60%  ethanol 
as w ash solution, centrifuged for 10 minutes, and  decanted into 
a  250-ml. volum etric flask. T he solids in the centrifuge bottles 
are stirred  w ith 25 ml. of 60%  ethanol, centrifuged, and de­
canted into the volum etric flask, and th e  washing and centrifug­
ing repeated w ith a  second 25 ml. T he volume is m ade up with 
60%  ethanol.

For the tertia ry  volatile base determ ination, a  2-ml. aliquot is 
p ipetted  into the outer section of a Conway dish, 2 ml. of neutral 
formalin solution are added, 1.00 ml. of 0.005 N  hydrochloric 
acid is p ipetted  into th e  center dish, and then  w ith th e  lid in place 
except for a  sm all opening for the pipet, 1 ml. of sa turated  po­
tassium  carbonate solution is added from tho quick-draining 
pipet. The lid, previously well greased a t  the ground-glass 
section is quickly slid into place, th e  contents of the dish arc 
mixed oy a  slight ro tary  motion, and the dish is incubated for 
3 hours a t  40° C. B lanks are run simultaneously in exactly the 
same w ay except for substitu ting  2 ml. of 60%  ethanol for the 
fish solution. After incubation the excess acid is titra ted , using 
a  m icroburct and a  mixed indicator, cither m ethyl red-mcthyl- 
ene blue or m ethyl red-brom o cresol green. Tho indicator 
solution should first be ad justed  to  the n eu tra l point by the ad­
dition of dilute acid or alkali. D eterm inations should be carried 
ou t in triplicate.

T he same procedure can be used for determ ining to ta l volatile 
base except for th e  omission of added formalin, and use of 1.00 
ml. of 0.020 N  acid in the center of the Conway dish. However, 
th e  following distillation procedure is preferred by the authors 
because of the advantages previously m entioned:

T he contents of the volum etric flask (after aliquots for tertiary 
volatile base have been w ithdraw n) are transferred to  a 500- 
ml. K jeldahl flask and 4 glass beads and 5 gram s of powdered 
borax are added. T he flask is quickly connected to  the dis­
tillation equipm ent and 100 ml. of distillate are  collected in 50 
ml. of 0.05 Ar hydrochloric acid. If g rea t difficulty should be 
encountered w ith foaming, as sometimes occurs w ith very stale 
samples, a  few drops of caprylie alcohol m ay be added, but an 
excess should be avoided. A blank should be run simultane­
ously, using 60%  ethanol in place of fish solution. Excess acid 
in the distillate is titra ted  w ith standard  alkali, using methyl red 
as an indicator.
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Polarographie Use o f O rganic Reagents

Magnesium w ith 8 -H ydro xyqu in o line

K. G . STO N E A N D  N . H O W E L L  F U R M A N , Frick Chemical Laboratory, Princeton University, Princeton, N . J.

CAR11UTHERS (2) has described a  polarographic m ethod for 
th e  determ ination of magnesium by reduction of the 8- 

hydroxyquinoline in a phosphate buffer solution of the precipi­
ta ted  magnesium inner complex salt. T he present w ork is con­
cerned w ith the determ ination of magnesium by polarographic 
m easurem ent of th e  excess 8-hydroxyquinoline w ithout removing 
th e  precipitate and avoids the difficulties which arise from the 
necessity for filtration.

APPAR ATU S A N D  M ATE R IA LS

A Leeds & N orth rup  Electrochem ograph equipped w ith the 
cell arrangem ent described by Furm an, Bricker, and W hitesell
(3) was used for the polarographic m easurem ents. T he w ork was 
done a t  room tem perature (23° to 26° C.).

S-Hydroxyquinoline obtained from Paragon T esting  Labora­
tories was recrystallized three times from ethanol-w ater mixtures. 
T he standard  solution contained 0.5 gram  per liter in 5%  ethanol.

The am m onia-am m onium  chloride buffer (0.25 M  in total 
amm onia, amm onium chloride approxim ately 0.036 ilI) was 
m ade from polarographieally pure amm onium chloride and c.p. 
am m onium  hydroxide and  was ad justed  to  pH  10 w ith a  Leeds i  
N orth rup  pH  m eter.

A standard  magnesium solution (100 mg. per liter) was made 
by dissolving the appropriate am ount of magnesium metal con­
tain ing 0 .1%  maximum im purity  in the sm allest amount ol 
0.01 M  hydrochloric acid and diluting the solution to the proper 
volume. ,

O ther chemicals used were of analytical reagent grade tested 
for magnesium. In  m ost cases it  was absent. _

T he capillary had th e  following characteristics: m  =  0.66.« 
mg. per second, t =  4.55 seconds a t  1.0 volt against the satu-
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A  method for the determ ination of magnesium by the polaro- 
graphic estimation o f the excess 8 -hydroxyqu ino line  le ft after 
precip ita tion of the magnesium salt is reported. The on ly  major 
interfering cation which is common is titanium. The so lu b ility  of 
magnesium 8-hydroxyquino la te  in ammonia-ammonium chloride 
buffer o f p H  10 is 1.9 X  1 0 ' “ mole per liter. The method can be 
applied to estimation of magnesium in water and plant materials.

rated  calomel electrode (S.C.E.) in  the buffer solution; the  head 
of m ercury was 41.9 cm. Oxygen was rem oved by passing puri­
fied nitrogen through the solution for 15 m inutes. AH polaro- 
gram s were taken a t  l/io sensitivity  unless otherwise indicated.

M ETH O D

T he m ethod is based on the decrease in wave height of a given 
concentration of 8-hydroxyquinoline by th e  precipitation of p art 
of it  by magnesium in a  buffered solution a t  pH  10 w ithout re­
moval of the precipitate.

In  all th is work 25-tnl. volum etric flasks were used, unless some 
other size is indicated. Five milliliters of the standard  8-hy- 
droxyquinolinc solution and 10 ml. of the buffer were placed in 
the flask. For the original concentration, the flask was filled to 
the m ark, mixed well, and the polarogram taken. For the pre­
cipitation, a  given am ount of the standard  magnesium solution 
or of the unknow n was added to  the buffer and 8-hydroxyquino- 
line in the flask. T he flasks were filled to  the m ark, mixed well, 
and shaken a t frequent intervals for 1 to  2 hours, depending on 
the am ount of magnesium. T he polarogram  was then  taken. 
Figure 1 shows the character of th e  wave when the am ount of 
magnesium changes w ith  the same original concentration of 8- 
hydroxyquinoline in each case.

The polarogram  consisted of two waves (Figure 2). The first 
wave had an  E m  =  1.39 volt vs. S.C .E. which did no t shift ap ­
preciably w ith concentration in the  range under consideration. 
The second wave had an 2?i/2 =  1.61 volts vs. S.C.E. This 
half-wave potential shifted slightly w ith concentration and also 
considerably w ith slight changes in pH  and  so was no t investi­
gated further. The height of the wave th a t  had  E m  = 1.39 
volt was proportional to  the concentration, as T able I  shows. 
The decrease in  wave height due to  precipitation by the m agne­
sium was proportional to  the am ount of magnesium present, and 
gave a  straight-line calibration curve betw een 5 and 200 micro­
grams of magnesium in  the 25-ml. volumes used.

SOLUBILITY O F M A G N E S IU M  8-H Y D R O X Y Q U IN O LA T E

A sm all am ount of m oist magnesium 8-hydroxy- 
quinolinate prepared by precipitation in the  usual way 
was washed w ith d ilu te am m onia and  w ater until the 

«washings were free of chloride and were colorless. Ten 
milliliters of the buffer were diluted to  25 ml. and 
saturated  by  in te rm itten t shaking for 12 hours in con­
tact w ith  some of the m oist preparation. A polarogram 
was taken a t  1/a sensitivity . T he wave height corre­
sponded to  a  concentration of 1.9 X 10-8 mole per liter 
of magnesium S-hydroxyquinolinate, which is equal to  
46 micrograms of magnesium per liter. T he maximum 
error due to  the solubility of the precipitate is 1 micro­
gram of magnesium in 25 ml. T his error is in general 
smaller because of the decrease of the solubility of the 
precipitate due to the excess of 8-hydroxyquinoline.

I n t e r f e r e n c e s : Lundell and Hoffman ( o )  list the 
cations precip itated  by  8-hydroxyquinoline. Any 
cations th a t are precipitated under th e  conditions used 
will interfere and m ust be rem oved or converted into 
complexes which are no t precipitated. Electrolysis 
with the M elaven cell (5 , 6) removes th e  common 
interfering ions except alum inum , titanium , and 
calcium. 25 to  50 mg. of am m onium  ta r tra te  will 
keep in solution 150 micrograms of alum inum in 
the 25-ml. volumes used. N o reagent was found th a t 
would keep titan ium  in  solution; th is m ust be re­

moved by precipitation as the hydroxide when present. Calcium 
can be tolerated in am ounts up to  0.5 mg. in 25 ml. w ith no in ter­
ference.

D ETERM INATIO N O F M A G N E S IU M  IN  TA P  WATER

T he tap  w ater available is th e  type obtained from limestone 
and  dolom ite beds. T he iron content is low (0.6 p.p.m .) and 
w ith th e  size of sample taken  causes no interference.

P r o c e d u r e : F ifty  milligrams of am m onium  ta r tra te  were 
dissolved in 10 ml. of the  buffer and 5 ml. of the standard  8-hy­
droxyquinoline solution were added. A 5-ml. sam ple of the w ater 
was added and  diluted to  the m ark. A fter 2 hours’ shaking and 
standing, the polarogram  was taken. T he resu lts are shown in 
T able II.

D ETER M IN ATIO N  O F M A G N E S IU M  IN  P LA N T  M ATE R IA LS

Samples of tobacco obtained from the C onnecticut Agricul­
tu ral Experim ental S tation  and of dried pine seedling cuttings 
obtained from R ay Dawson of the Biology D epartm ent, Prince­
ton U niversity, were analyzed.

P r o c e d u r e : Samples were dried, ashed, and dissolved in di­
lute sulfuric acid. T he resulting solution was eleetrolyzed w ith 
the M elaven cell and filtered to  remove the small am ount of 
black precip itate due to  th e  manganese. T he filtrate was made 
up to  some standard  volume and  an aliquot taken  such th a t about 
100 micrograms of magnesium were present. T he procedure as 
for w ater determ ination was followed (Table I I I) .

DISCUSSION

The strength  of the standard  8-hydroxyquinoline solution is 
not too critical, bu t 0.5 gram  per liter fits th e  procedure best.

Table 1. Constancy of l.t/c  with C for 8 -H ydro xyq u ino lin e
o ,

M o l e s / L i t e r  X  1 0 4
I d ,  M ic r o a m p e r e s ,  

C o r r e c t e d  f o r  I r Id /c
0 .2 7 6 0 . 2 8 1 .0 1
0 .5 5 2 0 . 5 6 1 .0 1
0 .6 9 0 0 . 7 0 1 .0 1
1 .3 7 9 1 .3 8 1 .0 0
2 .0 7 0 2 . 0 8 1 .0 1
2 . 7 5 8 2 . 7 6 1 .0 0

A v .  1 .0 1

Table II. Ana lys is  of Tap Water
M a g n e s iu m  P r e s e n t ,  P . P .M .

P o l a r o g r a p h ie  C o lo r im e t r ic  ( 4) G r a v im e tr ic ®  ( / )
5 . 2  5  5

W e ig h e d  a s  m a g n e s iu m  8 - h y d r o x y q u i n o l i n a te .

£

Microamperes
Figure 1. Effect o f Magnesium Figure 2. Polarogram o f 8 -H y d ro x y -

qu inoline
C =  S.758 X  10~* mole per liter at pH  10

on 8 -H ydroxyqu ino line
C =  1.379 X  1 0 '*  mole per liter 

Magnesium: (.1 ) none, ( ! )  !  micrograms
per ml., (3) 4 raicrograms per ml., (4) 3.8 

micrograms per ml.
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Table III. D eterm ination of M agnesium  in P lant M aterials
p ie  N o . W e ig h t  o f  S a m p le M g O  F o u n d M g O  R e p o r t e d '

Gram % %
T o b a c c o

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

P i n e  S e e d l in g  C u t t i n g s
0 .3 3 6 0 0 . 1 4

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

°  M g O  d e t e r m i n e d  b y  g r a v i m e t r i c  s e p a r a t i o n  a n d  d e t e r m i n a t i o n  o f  M g  a s  
p y r o p h o s p h a t e .

6 S p e c tr o s c o p ic  v a lu e .  S a m p le  C a l a  (7 ) .

T he solution decomposes slightly w ith tim e and  a b lank has to  be 
run each tim e i t  is used. The decomposition can be followed

polarographically, bu t a t  the  present tim e the decomposition 
products are no i known.

T he precipitation has to  be earned ou t a t  room tem perature 
because am m onium  8-hydroxyquinolate is too  volatile even at 
60° C. Ammonium ta r tra te  has no  qffect on either I r or I dt and 
hence the calibration da ta  are good for solutions containing small 
am ounts of ta r tra te .
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NOTE ON ANALYTICAL PROCEDURE

Use o f a Color Indicator in the Tannin M e th o d  fo r Determ ination 

o f Beryllium and A lum inum
G E O . W . SE A R S a n d  H E L E N  G U N G  

D epartm ent of Chem istry, University of N ev ad a , R eno, N evada

TH E  accuracy of the tannin  m ethod, as modified by  Nichols 
and  Schempf (2), for the separation  and determ ination  of 

beryllium  and  alum inum  depends on an  accurate control of the pH  
during precip itation  of the alum inum . T he only m eans now 
available for obtain ing th is control is the pH  m eter, an  instru ­
m ent very difficult to  ob tain  a t  th e  present time. Because of the 
stra teg ic  im portance of these m etals a  search for a suitable color 
indicator seemed advisable.

Table I. Use of C olor Indicator in A nalysis

(A liO a  t a k e n ,  0 .0 7 4 3  g r a m ;  B e O  t a k e n ,  0 .0 7 5 3  g r a m )
B e c k m a n

p H AUO t B e O
N o . R e a d i n g O b t a in e d E r r o r O b t a in e d E r r o r

Gram Mg. Gram Mg.
1 4 . 5 0 0 .0 7 4 7 +  0 . 4 0 .0 7 5 0 - 0 . 3
2 4 . 5 8 0 .0 7 4 7 +  0 . 4 0 .0 7 5 2 - 0 . 1
3 4 . 6 8 0 .0 7 4 8 +  0 . 5 0 .0 7 4 8 - 0 . 5
4 4 . 6 9 0 .0 7 4 5 +  0 . 2 0 .0 7 5 8 +  0 . 5
5 4 . 6 2 0 .0 7 4 3 = * 0 .0 0 .0 7 5 0 - 0 . 2

Of th e  num erous indicators tried , a  m ixture of 1 drop of m ethyl 
red to  6 drops of bromocresol green (0.1 %  solutions) per 500 ml. 
of the buffer solution prescribed by Nichols and  Schempf, was 
found satisfactory if the  color change is approached from the 
basic side as described below. To th e  solution, d ilu ted  to 500 ml. 
and  containing th e  buffer and  indicators, am m onia (1 to  1) is 
added un til th e  solution assumes a  blue-green color, indicating a 
pH  well above 5. D ilu te  (6 N )  sulfuric acid is then  added slowly 
and  w ith constan t stirring. T he  following color changes are 
no ted : blue-green, blue, purple, reddish purple, red. T he first 
appearance of th e  reddish purple was found to  coincide very  
closely w ith  a  pH  of 4.6, the pH  necessary for the complete sepa­
ra tion  of the two m etals. T he color change is definite and  easily 
distinguished. I f  desired, how ever, i t  m ay  be checked against 
the C lark and Lubs buffer m ixture (I) having a  pH  of 4.6.

In  order to  determ ine th e  value of this mixed indicator in the 
analysis, a  series of determ inations was m ade on a  solution mix­
tu re  of alum inum  and  beryllium  sulfates of known concentration, 
the results of which are shown in  T able I.

A lthough in each analysis the Beckm an pH  reading was taken, 
no fu rther ad justm en t of the  acid ity  was m ade. T he accuracy 
obtained compares favorably w ith  th a t  of N ichols and Schempf.

LITERATURE CITED

(1) Lange’s Handbook of Chemistry, 4th ed„ p. 943, Sandusky, Ohio,
Handbook Publishers, 1941.

(2) Nichols, M. L., and Schempf, J, M,, I n d . Enq. C h e m ., A n a l .
E d . ,  11, 278 ( 1 9 3 - J ) .

Fifteen-Year C ollective Index for 
A n a ly tica l Edition

A fifteen-year collective index of the A n a l y t ic a l  E d it io n  of 
I n d u s t r ia l  a n d  E n g in e e r in g  C h e m is t r y , complete through 1943, is 
being prepared by Charles L. Bernier, associate editor of Chemical 
Abstracts, with the expectation of being able to issue it  early in 1945, 
as a pamphlet of the same page size as regular issues of the A n a ly ti­
c a l  E d it io n , if sufficient paper for printing can be obtained.

Both subject and author indexes are to be included, following in 
general the praatlee of Chemical Abstracts, bu t with certain varia­
tions suggested by the special nature ol this analytical index.

Present plans contemplate furnishing copies of the index at a 
nominal price to any subscriber to the A n a l y t ic a l  E d it io n  who 
places his order before publication, and selling copies after that time 
a t a somewhat higher price. A t present no definite price can be 
quoted, as i t  will depend somewhat upon the number of copies 
printed. I t  will be very helpful if those wishing to receive the index 
will notify Walter J . Murphy, Editor, 1155 Sixteenth St., N. W., 
Washington 6, D. C., preferably prior to October 1.
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L I E S

FO R
K IN E M A T IC  V ISC O SIT Y  M E A SU R E M E N T S

The Sargent High Precision Viscosity Bath meets 
the requirements of the A.S.T.M.—any temperature 
within the range 0 to 210°F is maintained with a uni­
formity of ±0.02°F throughout the entire bath area and 
all immersed pipettes are visible through the trans­
parent Pyrex glass walls of the containers.

This degree of temperature uniformity is made pos­
sible by the design of the central turret system which 
consists of a metal tower containing heating units and 
a screw impeller. The bath medium enters the tower 
at its base, passes over the heaters and is then uni­
formly distributed from the top of the tower to all parts 
of the bath.

There are positions in the cover of the bath for 
insertion of as many as six pipettes. Each pipette is 
completely visible while immersed and therefore all 
observations can be made without removing the pip­
ettes from the bath.

The complete apparatus consists of a central circu­
lating and heating unit with motor and armored con­
duit for connection to the relay unit; a bakelite cover 
with positions for six viscosity pipettes, thermometer 
and thermoregulator; two heavy molded Pyrex glass 
containers; a cork ring for supporting the inner con­
tainer; thermoregulator; and a control unit with cord 
and plug for attachment to standard outlets. This latter 
unit contains individual switches for intermittent, 
booster and continuous heaters. Intermittent and con­
tinuous heater circuits are controlled by rheostats with 
calibrated dials.

S-83255 SARGENT HIGH PRECISION CON­
STANT TEMPERATURE VISCOSITY BATH, 
0.02 °F, PATENT No. 2 ,037,993. For operation 
from 115 volt, 60 cycle, single phase circuits (supplied 
for other circuits to order)............................. §200.00

H. SARGENT & CO., 155-165 E. Superior St., Chicago, Illinois
Michigan Division: 1959 East Jefferson, Detroit, Michigan
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SCHAAR & COMPANY
C o m p le te  L a b o r a t o r y  E q u ip m e n t

754 WEST LEXINGTON ST., CHICAGO 111 NORTH CANAL S TR EET  .  CHICAGO, ILLINOIS

G LASS A B S O R P T I O N  CELLS
OF F I NE  QUAL I TY

Fused in an  electric furnace with cem ent 

that is acid, alkali and  solvent resistant.

O ptical Flat W alls. Many stock sizes are 

available. Special sizes m ade to order.
Sole m a n u fa c tu re r In th e  
U n i t e d  S t a t e s  o f  f u s e d  - f a  

E l e c t r o p h o r e s i s  C e l l s .

M ekers of com plote  

E lectrophoresis Apparatus  KLETT SCIENTIFIC PRODUCTS-------
KIETT - SUMMERSON PHOTOELECTRIC COLORIMETERS a 

COLORIMETER NEPHELOMETERS •  FLUORIMETERS *  B IO ­

COLORIMETERS •  ELECTROPHORESIS APPARATUS < 

GLASS STANDARDS * KLETT REAGENTS

Literature sent 

Upon Request

ON THE DIAL OF A
ß h a b s w d s ü u

MOISTURE 
TESTER

A va ila b le  N O W .  . .
O rd e r Early to A v o id  Disappointment!

*  C O L E M A N pH  ELECTRO M ETER
 M o d e l 3 A . . . $ 180.00
 M o d e l 3 D . . . $ 2 3 5 . 0 0

*  C O LE M A N  U N IV E R SA L
S P E C T R O P H O T O M ­
E T E R S ...........................................M o d el 1 1 . . . .  340.00

i r  C O L E M A N  P H O T O F L U O R -
O M E T E R .....................................M o d e l 1 2 . . . .  2 2 0 .0 0

*  W A C O  S E P A R A T O R , for
S em i-M ic ro ........................................    34 . 5 0

*  M ID G E T  MUFFLE F U R ­
N A C E .......................................................................... 4 4 .0 0

*  W A C O  P O W E R  S T IR R E R ............................... 18 . 00

Write for new FREE Edition of CURVES and REFER­
ENCES, exact references for newest colorimetric and 
spectrometric analyses.

== Bulletin 1E9

The MOISTURE TESTER does 
away w ith  the o ld , laborious 
method o f determining mois­
ture con ten t O ne  instrument 
takes the place o f the oven, 
the balance and the desicca­
tor. M oisture content can be 
determined w h ile  samples are 
in the oven.

Wherever moisture content is a (ac­
tor-— -in the laboratory o r in the plant 
--th e re  the MOISTURE TESTER w ill 
make its place.

•  TEN TESTS A T  ONCE
•  SENSITIVE TO .002g
•  READINGS TO  .05%

¡ v r i t e  f o r  f u l l  i n f o r m a t i o n
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E E V I  D U T Y  E L E C T R I C  C O M P A N Y

MULTIPLE UNIT

Heating unit fo r Vapor 
Phase Catalysis.

Research by Dr. Ray Wertdland,*

LABORATORY FU RN A CES MULTIPLE UNIT ELECTRIC EXCLUSIVELY
REG. U. S. PAT. OFF.

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

M ost la b o ra to rie s  d o ing  o rgan ic  analyses have  s tand ard ized  on 

M u ltip le  U n it Electric O rg an ic  C om bustion Furnaces. Ease and 

exactness o f te m pe ra tu re  contro l and econom y o f o pe ra tio n  makes 

them  h ig h ly  des irab le . T h e ir  a d a p ta b i l i t y  is illu s tra te d  in  the 

v e r t ic a l e m p lo y m e n t o f a s ta n d a rd  fu rn a c e  by Dr. W e n d la n d  

in his "V a p o r Phase C a ta ly tic  Studies" (*J. Chem. Educ. 21,171, 1944).

S e e  'fyoun ¿La&onatony T) eaten  on (unite £'on ‘S u iletiU t '%i 'D 7 3 5



C H E M I C A L  AND SC IENT IF IC  P O R C E L A I N  W A R E

( ß a i i c  e q u ip m e n t

O F  A L L  M O D E R N  

T E S T I N G  

L A B O R A T O R I E S
VU
T U B E

A  Coltyuido ßn&luct 
0/  H Vvild-uUde Varne

C oors Po r c ela in  C o m p a n y
COLDEN, COLORADO

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. 16, No. 9

( æ v )  p l a t in u m  l a b o r a t o r y EQUIPMENT
F o r

INDUSTRIAL AND 
UNIVERSITY 
LABORATORIES

W e Cart Furnish to 

Your Specifications:

L A B O R A T O R Y  
W A R ES 

ELECTRODES 
W IR E 
G A U Z E  
F O IL  
T U B IN G  
S P O N G E  
B L A C K  
C H LO R ID E S  
SALTS, ETC.

S e n d  for our
in te res tin g  ca ta lo g

THE AMERICAN PLATINUM WORKS 7
N. J. R. R. AVE. AT OLIVER ST. 

N E W A R K  5,  N.  J .

S T U R D Y — L O W  C O S T  
LABORATORY FURNACE

3 HEAT 
RANGES

0° t o  1500° F. 

•

110 Volt 
AC or DC 

•  
Complete

The Model 2 Huppert Furnace is precision 
built to completely satisfy laboratory testing 
requirements and rugged enough to stand years 
of abuse in small batch production. Huppert 
quality insulation insures economy in opera­
tion. Comes complete with accurate py­
rometer and porcelain tray. Counterweighted 
door. Fully enclosed contacts. Finish — black 
wrinkle. Inside dimensions 4J4" x 3 % u x 4J^"- 
Outside dimensions 12" x 13" x 12".
Request complete information on this and other Hup­
pert Furnaces including range of production models.

K. H. HUPPERT CO.
6334 C ottage Grove Chicago 37, III.



E A S T M A N

O R G A N I C

CHEMICALS
“ - Vvi.v'iv. 'V* «• ÿAV y- ; .•>

1 9 4 4
« a s im a K  k o d a k  e o M * » « v  g

A NEW , completely revised, 180- 
page list— with structural formulas 
— of the more than 3000 Eastman 
Organic Chemicals now supplied. If 
you have not yet received a copy, 
write for one. . . . Eastman Kodak 
Company, Chemical Sales D ivision, 
Rochester 4, N. Y.

A  L a b o ra to ry  R otam eter

th a t measures
" T e e n y - W e e n y " O W S!

— and w e do mean "teeny- 
weeny”! A newly developed  
tube now  enables us to give 
you a rotameter that w ill 
measure a flow o f  0 .15 to  
1.5 cc per minute o f  water 
and 3.0 to 30 cc per minute 
of air, or the equivalents 
thereof in other fluids. This 
meter has a 6 inch metering 
scale, and each tube and 
float com bination are indi­
vidually and painstakingly  
calibrated to give you the 
highest possible metering  
accuracy. Made in  the handy 
laboratory m odel as illus­
trated with self-supporting 
base, leveling screws and 
hose connections. For a de­
scription o f  this new high  
in accurate low  flow meas­
urement, send for bulletin  
32-E.

FISCHER & PORTER CO.
3509 COUNTY U N E  ROAD HATBORO, PA.

Provides a rapid, sim ple and accurate m ethod o f analysis  
where low concentrations o f  poly phosphates (m eta, pyro, 
septa, etc.) are used in water conditioning to  prevent feed  
line deposition , to  stabilize municipal water supplies and  
to reduce corrosion. Outfit, including com parison block  
containing 8 standards, 0, 0.5, 1, 2, 4, 6, 8 and 10, 2 cells, 
necessary accessories and reagents, com es in com pact 
wooden carrying case. A determ ination requires about 
20 m inutes. Price, com p lete  $19.00 F .O .B . B altim ore.

I
 A ll Taylor liquid color standards carry

A N  U N L IM IT E D  G U A R A N T E E  against fading. 
SEE YOUR DEALER

September, 1944 A N A L Y T I C A L  E D I T I O N

I  ......................................

NOW AVAILABLE... 
LIST No. 34

W. A. TAYLOR co?
7302 YORK RD. • EALTIMORE-4, MD
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PÄRR I N S T R U M E N T S

ß l a i s d e I I

‘LABORATORY
p e n c i l

ma r k i ng s

RESIST HEAT”

O n every type o f  labo ra to ry  equipm ent, 
th is  p en c il instan tly  m akes vivid m ark­
ings tha t w ill n o t ru n  up  to  300° C. T he 
o rig in a l p ap e r p enc il w ith  th e  N ick  and 
Pull* s tr in g  feature.

R E D ,  3 6 5 - T  
B L U E , 3 6 8 - T

Four colors:
Y E L L O W , 3 7 0 - T  
B L A C K , 3 7 3 - T

To Sharpen
NICK with s trln e  
FULL the p ip e r  

* (U .S . Pet. No. 1,758.953)

Blaisdell

Write on your business letter bead fo r free 
sample. Or buy from  your dealer today.

ßlahdell PENCIL COMPANY, PHILADELPHIA 44, PA.

L U M E T R O N
P h o to electric  C O L O R IM E T E R  a n d  F L U O R E S C E N C E  M E T E R

A high precision, instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

fo r d e te rm in a tio n  of V it. Bi a n d  Bj

Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

Write lo r  literature Prom pt D elivery

P H O T O V O L T  C O R P .
95 M adison A v e . N ew  York 16, N . Y.

CAPABLE!

The
P A R R
NEEDLE
V A L V E

A  Needle V a lve  . . .

. . .  for laboratory service is an important 
accessory which requires skill and experi­
ence in design, plus special proficiency in 
manufacturing. , The Parr Needle Valve 
for high pressure gases is considered in­
dispensable by a host of users, because it 
has proved itself entirely capable of doing 
the exacting work for which it is designed.

Parr Needle Valves, the same as all other 
Parr Instruments, are constructed of care­
fully chosen materials and finished with 
great precision.

For an exceptionally high degree of 
performance and long, trouble-free service, 
we suggest that you use Parr Needle Valves.

For com plete inform ation about Parr Instru­
m ents see  your dea ler or write d irec t to the 

factory .

D  S P D  I N S T R U M E N T
XT A  I x  I X  COMPANY • Moline, 111.COMPANY • Moline, 111;
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STOPWATCH

WILL

S IN C E  E I G H T E E N  F I F T Y - S I X

16062B
9 Jew el M ovem ent Ys Second Interval

AnAmerican-madestopwatchwithrugged, 
reliable 9-jewel, 16 size continuous run­
ning movement compensated for tem­
perature changes.
The large sweep hand travels once around 
the dial in 60 seconds. The dial is white 
enamel with black numerals and is gradu­
ated in 1/5 seconds. The small hand 
registers up to 30 minutes in 1 minute 
intervals.
Through successive depressions of the 
winding crown, the sweep-second hand is 
controlled for start, stop, and flyback to 
zero. The case is nickel-silver, chromium- 
plated, with screw back and bezel with a 
snap dust-proof inside cap. Fitted with 
permanently clear unbreakable crystal.

Conforms to Federal Specification GG- 
W -llla , Type B -Class 7.

P la n t and. Laboratories: S O U T H  LEE,  MASS.

E xecu tive  Offices: 116-118 W EST 14th S T R E E T  
NEW Y O R K ,  N. Y.

since

INDUSTRIAL 
LABORATORY TABLE 6610

B A C K E D  B Y  
rHE S E R V IC E S  OF PETERSON E X P E R T S

Because Peterson experts put their years of 
experience back of every Peterson installation, 
users of this quality furniture get the maximum 
value and service out of each job.
Some of the largest users of laboratory furniture 
in the country have come to Peterson for decades 
in a row because Peterson quality is the keynote 
to satisfaction.

(Consult Our Experts on any problems, changes or addi­
tions . . .  no obligation is incurred.)

No. 16062B

Offices and Warehouses 
W ill C orpora tion , 596 Broadway, New Y ork  C ity  

Buffa lo  A ppara tus Corp., Buffa lo, N. Y .
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MTIVA1ED ALUMINA 
• 1* 0.1 c* r m s" c a r b o n

AfRoSOl-
lo/e

A queous
b|hu iMu tniMł 
**•1»»«»« Ulf» »' 
••U i -  U

**ûA* CRANÙ' 
^Smoelh Bot

: W CHíMIMl R1Í8EÍR COr’ S * **.. .-tW* ¡*
JŒZï'rzæzzr r ś - - ;g

LABOBATOWt/
I JoopUn I _

“ - \C L E A N S E R /-varniton

R E C lS tQ N - B O R E La M o tte  O u tf it  f o r

d e te r m in a tio n  o f  Vitam in A

"CRC" LABORATORY CLEANSER —
A  s c ie n t if ic  c o m p o u n d  o f  w a te r  c o n d it io n e r s ,  
d e te r g e n ts  a n d  w e t t in g  a g e n ts  d e v e lo p e d  to  e ff i­
c ie n t ly  c le a n  a l l  i te m s  o f l a b o r a to r y  g la s s w a r e ,  
p o r c e l a in w a r e ,  a p p a r a tu s ,  e tc .  R e m o v e s  d ir t ,  
g r e a s e ,  b lo o d ,  m e d ia  a n d  c h e m ic a l  d e p o s it s  t h a t  
d o  n o t  r e q u i r e  s p e c i a l  t r e a tm e n t .  P r e v e n ts  s c u m  
fo rm a tio n  a n d  s o f te n s  w a te r .

2 lb. cartons, e a c h ...........................................55
In lots of 6, e a ch ...............................................50

L A B O R A T O R Y  
A ID S

ACTIVATED ALUMINA, "Indicating"—  
A porous, amorphous, pu re  aluminum oxide 
having great adsorptive capacity. C om para­
tive chemical inertness makes it superior for 
desiccations or dehydration of gases, vapors 
and liquids. Blue in  color when fully reacti­
vated, changes progressively through pink to 
white on moisture adsorption. Can be  re ­
peatedly reactivated by heating. Supplied in 
4 - 8  mesh.
Per 1 lb. bottle..................................................1.35
Per 51b. bottle..................................................6.25

CARBON REMOVER ——A  c le a n e r  f o r  th e
o r g a n ic  c h e m is t .  R e p la c e s  d a n g e r o u s  s u l f u r ic  a c id -  
d ic h r o m a te  s o lu t io n  f o r  c le a n i n g  o r g a n i c  a p p a r a tu s .
A  m ix tu re  o f s o lid  a lk a l is  a n d  o x id iz in g  a g e n ts  th a t  
r e a d i ly  d is s o lv e  t a r r y  m a t te r  in  h o t  a q u e o u s  s o lu t io n .

Per 1 lb. bottle...............................................70
Per 5 lb. bottle................  3.25

AEROSOL, 10% AQUEOUS—A  p o w e rfu l
w e t t in g  a g e n t  f o r  im p r o v in g  th e  w e t t in g ,  p e n e tr a ­
t io n , e m u ls if ic a t io n  a n d  d i s p e r s io n  o f l iq u id s ,  so lu ­
t io n s , p ig m e n ts  a n d  p a s te s .  H u n d r e d s  o f  la b o ra to ry ,  
p h o to g r a p h ic  a n d  dom estics u s e s .  C o m p le te  w ith 
d i r e c t io n s  f o r  m a n y  a p p lic a t io n s .

1 lb. bottle, prepaid in  U .S .A .................. 1.73
5 lb. bottle, prepaid in  U .S .A ..................7.00
4 oz. trial bottle, prepaid in  U .S .A  90

LABEL VARNISH, "VARNITON"—
W a te r p ro o f s  a n d  o ilp ro o fe  l a b e l s  o n  r e a g e n t  b o ttle s ,  
c o n ta in e r s ,  m ic r o s c o p e  s l id e s  a n d  te s t  s a m p le s .  
R e s is ta n t  to  a o id s ,  a lk a l is ,  f u m e s  a n d  h e a t .  W ith  
a p p l i c a to r  b o t tle .

8 oz. container.............................................90
16 oz. container..............   1.50

HENGAR GRANULES—U s e d  fo r  t h e  p r e ­
v e n t io n  o f " b u m p i n g " .  W h e n  a  f e w  o f  t h e s e  g r a n ­
u le s  a r e  p l a c e d  in  a  b o i l in g  l iq u id  a  s t r e a m  o f 
b u b b le s  e s c a p e  a n d  b o i l in g  p r o c e e d s  q u ie t ly .  B e in g  
in s o lu b le  th e y  c a u s e  n o  c o n ta m in a t io n .

100 gram  bottle.............................   1.00
250 gram  bottle.......................................... 1.75
500 gram  bottle..........................................2.75

THE CHEMICAL RUBBER CO.
S cientific  E quipm ent, A n alytica l C hem icals, Laboratory Supplies 

HANDBOOK OF CHEMISTRY AND PHYSICS 
2310 Superior A v e ., N.E. o C leveland 14, Ohio

T he im portance of grading fish oils and sim ilar materials 
according to  the vitam in A content has dem anded a simple 
means of determ ining vitam in  A. T his L aM otte  outfit 
employing the m ethod of D r. B . L. Oser provides a  reliable 
chemical procedure to  m eet th is need. T he u n it comes 
complete w ith color standard  special com parator, reagents 
and full instructions. Price $35.00 f.o.b. Towson, Balti­
more, M d. T he antim ony reagent used w ith this outfit 
may be purchased separately.

LaMotte Chemical Products Co.

Cylindrical, Tapered or Square Shaped
F,S. Precision-Bore Glass Tubes are made to  exact 
inside dimensions for applications where in ter­
changeability and precise bore are required.
Inside diam eter: 0.13mm (0.005") to  100mm (4") 
kep t accurate within .01 to  .001mm (=t.0004* to 
.00004").
For: M anom eters, B arom eters, Viscosimeters, Flow­
m eters, Gauges, Pum ps and m any other scientific, 
technical and industrial purposes.

A sk  fo r  Bulletin PB-293  
M ade of Pyxex or Kimble NC. glass

F1SH-SCHURM AN  CO R PO R A TIO N  
230 East 45th Street New York 17, N. Y .

fish-Schurm q
Dept. “F ,”  Towson-4 

Baltim ore, M d.
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This high-temperature box-type furnace with 
heating chamber 4" wide x 31/ 2" high x 4" 
deep, provides convenient space for:

•  Technical Research
•  Heat Treating
•  Cement Testing
•  Ceramic Firing
•  Glaze Testing
•  Alumina Ignitions
•  Chemical Fusions
•  Insulation Fusing
•  Tool Hardening

For complete information on all types- of box, 
i1 tube, muffle or pit high-temperature furnaces, 

write for Burrell Catalog F-241.

B u r r ell
T E C H N I C A L  S U P P L Y  CO M PA N Y
1 9 3 6 -4 2  Fifth A venu e Pittsburgh (1 9 ), Pa

FILTER-CEL 
LABORATORY STANDARD

for determining filtration 
characteristics and making 

filtration comparisons

Experimental Filter for Precition Checking

P e rm a n e n tly  s ta n d a r d iz e d  — u n v a ry in g  in  
p ro p e r tie s  a n d  c h a ra c te ris tic s  —p ro v id e s  a  
b asic  re fe re n c e  f o r  re s e a rc h  a n d  co m m er­
cial p u rp o s e s .

Johns-Manville Fllter-Cel Laboratory Standard is a 
standardized reagent selected from the same unvary­
ing source that has supplied highest quality filter 
aids for more than 30 years. Careful checks assure 
complete homogeneity, normal and uniform color, 
specific gravity and particle size. A lot purchased 
today is guaranteed to be identical with all material 
made in the past or to be made in the future.

L a b o ra to ry  a n d  co m m ercial u ses o f  
Filter-Cel la b o ra to r y  s ta n d a r d .

Invariable in properties and characteristics, Filter- 
Cel Laboratory Standard is ideal for controlled-test 
filtrations. Laboratories, manufacturers and govern­
ment agencies find it invaluable for experimental 
work with new equipment, processes and products. 
Used extensively in standardized tests such as the 
Elliott on raw sugar, this material permits the most 
accurate measurement of filtration characteristics 
possible today.
A c o m p le te  lin e  o f  C e llte  FU ter A ide f o r  

e v e r y  l a b o r a t o r y  a n d  c o m m e rc ia l 
p u r p o s e

To o b ta in  analy tica l f iltra tio n s of th e  
h ighest type, C elite A nalytical F ilte r 
Aid is recom m ended . In  C elite No. 521 
you will find a  p u re  com m ercia l filter- 
a ld  from  w hich  a ll so lub le  iro n  and  
organic im p u ritie s  have been  rem oved.

For o th e r  filtra tions, reg u la r  co m ­
m ercial grades of C elite F ilte r Aids,
fprocessed in  9 various degrees of poros- 
ty , a re  available. A J-M  F iltra tio n  

E ngineer will gladly h e lp  you d e te r­
m in e  th e  grade best su ited  to  yo u r 
specific needs. Johns-M anv ille , 22 East 
40th S t., New York, 16, N. Y.

T E M P E R A T U R E S  
Ufa to 2500° F.

for y o u r  sm all  
h eat ing  o p erat io ns

urith the B u r r e l l  

L i t t l e  G i a n t
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IN  A pril 1876, thirty-five chem ists m et in  N ew  Y ork  
City w ith  the pu rpose  o f  fo rm ing  an A m erican 

chem ical society. From  th a t beg in n in g  has g ro w n  the 
w o rld ’s la rgest o rg an iza tion  devoted to the science o f  
chem istry—the A m erican C hem ical Society, w ith  a 
m em bersh ip  o f  approxim ately  38,000.

Thirty-five years ago , in  1909, the A m erican Chem ical 
Society op en ed  its ranks to  co rp o ra te  m em bers. From  
the  sm all g ro u p  o f e igh t firms w hich  jo in ed  tha t year— 
and  M erck  w as am o n g  the first—the co rpo ra te  m em ­
bersh ip  has g ro w n  to approxim ately  600, p ro o f  o f  the 
chem ical industry ’s w h o lehearted  su p p o rt o f  ACS 
p rinc ip les .

M erck & Co., Inc ., o n  the 35 th  anniversary o f  its 
m em bersh ip , is g lad  to  pay tr ibu te  to  the p a rt the 
A m erican C hem ical Society is p lay ing  in  the bu ild ing  
and  m aintenance o f  a s tro n g  chem ical industry , and to  
jo in  the N o rth  Jersey  Section in  w elcom ing  to N ew  
Y o rk  the 108th  N a tio n a l M eeting  o f  the Society.

Thirty-five years ago , the cata log  o f  M erck  Blue Label

R eagents lis ted  som e 300  R eagents o f  recognized  
purity.

T h e  g ro w th  o f  the A m erican  chem ical industry  since 
1909 is reflected in  the concom itan t g ro w th  of the 
M erck  L aboratory  C hem ical lin e—today com prising  
som e 1,000 d ifferent chem icals.

Before released  fo r use, M erck  R eagents m ust pass 
rig id  tests in  the M erck  A nalytical L aboratory , w hich 
fo r years has adop ted  ACS specifications w here  app li­
cable. W here  no  ACS specifications have been estab­
lished , M erck R eagents are m ade to  conform  w ith  the 
standards in  Reagent Chemicals a n d  Standards by Joseph  
R osin . T h e  m axim um  lim its o f  im purities in  tha t book  
are , in  general, com parab le  to  ACS standards. .

M erck  L aboratory  C hem icals are  tru ly  "F ine T oo ls  
fo r P rec is ion  C hem ical M easurem ent” because M erck 
has the R ig h t C om bination  fo r labo ra to ry  chem icals— 
C onstan t R esearch , M anufactu ring  E xperience, Labo­
ra to ry  C on tro l, Scientific P ackag ing , and  N ation-w ide 
D istribu tion .

MERCK & CO., In c . ^ RAH W AY, N. J.
N ew  York, N . Y. • Philadelphia, Pa. • St. Louis, Mo. • Elkton,Va. 

Chicago, III. • Los Angeles, Cal.
In Canada: MERCK & CO., Ltd., Montreal and Toronto


