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MEGAVAC PUMP
provides high vacuum for fractional distilla­
tions, for temperature and pressure measure­
ments, for circulating nitrogen through 
packed columns, and for other procedures 
in the analysis of complex hydrocarbon 
mixtures.

T he Cenco M egavac  U nit combines 
high vacuum, high speed, and dependable 
operation. Speed, 375 ml per second at 1 
micron. Vacuum, 01. micron or better. 
Proved for faithful, trouble-free service.

Catalog No. 92015A for 115-volts, 60 cy ...................... $155.

Technical personnel are invited to receive "Cenco News C hats" containing de­

scriptions of latest scientific apparatus. Ask for "C enco News C hats" No. 50.

CENTRAL SCIENTIFIC COMPANY
l a b o r a t o r y  a p p a r a t u s

SCIENTIFIC IN S T R U M E N T S

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO
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C H E M I C A L  W O R K S
Mallinckrodt Street, St. Louis 7, Mo.
72 Gold Street, New York 8, N. Y.

Chicago  • Philadelphia • Los Angeles * Montreal

D ep en d a b le  •  Purity

A lw ay s Specify  R eag en ts  In  M a n u fa c tu re r’s O rig in a l P ack ag es

IT  C O S T S  T O O  M U C H ...
to use  a n y  t u t  tk e  t e s t  re ­
agents. It is w ise  econom y 
to sp ec ify  M a l l i n c k r o d t  
A na ly t ica l  R eag e n ts  for 
tke  k ig k e s t  u n ifo rm  de- 
p e n d a t l e  purity.

S e n d  for tk e  M a l l i n ­
c k r o d t  A n a l y t i c a l  R e ­
a g e n t  c a t a l o g  t o g e t k e r  
w i  t h  a n y  s p e c i f i c  i n ­
f o r m a t i o n  d e s i r e d  o n  
M a l l in c k r o d t  c k e m ic a l s  
to f i t  y o u r  s p e c i a l i z e d  
operations.
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Now you can promise your customers vastly improved resistan ce  is d efin ite ly  a ssu red  with No. 1337

automotive refinishing coatings—and deliver on that Beckosol. Drying is phenom enally fast. Yet dura-

promise. This new  pure RCI alkyd, modified with a  bility is all that can be desired. Write for further

pure phenol, gives exactly those new results refin- facts and formulating suggestions direct to the Sales

ishers have been waiting for! Superior water-spotting Department in Detroit.

R E I C H H O L D  C H E M I C A L S ,  I N C .
„  , G eneral Offices and  Main Plant, Detroit 20, M ichigan
O ther Plants:
Brooklyn, New York • Elizabeth, New Jersey • South S an  Francisco, C alifornia • Tuscaloosa, A labam a • Liverpool, England • Paris, Franco • Sydney, A ustralia 

S Y N T H E T I C  R E S I N S  •  C H E M I C A L  C O L O R S  •  P H E N O L I C  P L A S T I C S  •  I N D U S T R I A L  C H E M I C A L S



HARSHAW SCIENTIFIC
DIVISIO N OF THE HARSHAW  CHEMICAL CO. 

CLEVELAND 6, OHIO

X? or hundreds of laboratory applications, Stainless Steel Beakers, available

in six sizes from 1200 ml. to  8000 ml., offer a full measure of convenience and

a high level of performance, notwithstanding their comparatively low cost.
%

Built especially for those requirements demanding long use under severe 

service conditions, Harshaw Stainless Steel Beakers are made of 18-8 solid 

metal, rust-proof, and cannot chip, scale or peel. They are tough, strong and 

highly resistant to denting, scratching, abrasions and binding.

Size A B c D E F

Capacity, ml............ 1200 2000 3300 4000 5800 8000
Diameter, mm.......... 125 140 175 180 200 225
Height, mm................. ! . . .  145 175 180 . 190 225 250
Each.......................... $2.50 $3.25 $4.00 $4.75 $6.25 $7.25

1 0 %  Discount allowed when purchased in lots o f  12— one size or assorted.

S T O C K S  A L S O  C A R R I E D  IN C I N C I N N A T I  • D E T R O I T  • P H I L A D E L P H I A
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B. F. Goodrich Chemical Company
h a s  a v a i l a b l e  for  s a l e  t h e s e  o r g a n i c  c h e m i c a l s
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p  H y d ro x y  D ip h e n y l A m in e  •  Ä  98%
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...................................................  :  E S W t e - h *  . , CH3- C - s 7
•  < _ > < _ >  :  Avai,aW.  in commercial
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I Disulfides . , r  r- m 1
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i 2
M P. 144°  
Purity 92%

For a d d itio n a l in fo rm a tio n  p le a s e  w rite  B. F. G oodrich  Chem ical C om pany , D e p a r tm e n t C A -1, R ose Building, C lev e lan d  1 5 , O hio .

B. F. Goodrich Chemical Companv



Two HDT-5610 High Temperature Muffle fur­

naces at a major industrial research laboratory.

H E V I  D ü T Y  E L E C T R I C  C O M P A N Y
T R A D E  M A R K

LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY

I
-

REG. U. S. PAT. OFF.

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

I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 18, No. 1

tools of

progress. The two HDT-5610 High Temperature Alloy 10 fur­

naces shown are in daily operation in one of the country’s major 

industrial research laboratories for studies of the effect of heat 

treatment on metals and alloys and fusibility of ceramic m a­

terials. These Hevi Duty furnaces, w ith their uniform, exact, con­

trolled temperatures, are standard in most laboratories where 

controlled heat to 2350° F. is required. Bulletin HD-339 de­

tails their construction and use. Send for your copy —  today.
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M ER CK  & CO., Inc. i/ tC a n iffíx c íu / iín if c(ç/iem ii>/à RAH W AY, N . J .
New York, N . Y. • Philadelphia, Pa. • St. Louis, Mo. • E lk ton, Va. • Chicago, 111. • Los Angeles, Calif. 

In C anada: Merck & Co., Ltd., M ontreal • Toronto • Valleyñeld

P O T A S S I U M  I O D I D E  
Merck Reagent

C ry s ta ls  o r  G ra n u la r  
C o n fo rm s  to  A .C .S . S p e c ific a tio n s  

M a x im u m  I m p u r i t i e s
In s o lu b le .................................................0 .0 0 5  %
M o is tu r e ........................................ . . . . 0 . 2 0  %
A lk a lin ity  (as K 2C 0 3) ................0 .0 4 0  %
C h lo rid e , B ro m id e  (as C l ) ............0 .0 1  %
Io d a te  (IO 3) ......................................... 0 .0 0 0 3 %
N itro g e n  co m p d s. (a s  N ) ..............0 .0 0 2  %
P h o s p h a te  (P O 4) ............................... 0 .0 0 5  %
S u lfa te  (S O 4) ....................................... 0 .0 0 5  %
B a r iu m  ( B a )   .......... ................. 0 .0 0 2  %
C a lc iu m , M ag n e s iu m , a n d

N H 4O H  p re c ip ............................... 0 .0 0 5  %
H e a v y  m e ta ls  (as  P b ) ......................0 .0 0 0 5 %
Iro n  ( F e ) ......................  0 .0 0 0 3 %
S o d iu m  ( N a ) . . . . . .   .......... ; a b t._ 0 .03  %

K I  M o l. w tJ  166.01 
5 lb .,  1 lb .,  VÍ lb ., a n d  1-oz. b o tt le s

A MMONI UM P E R S U L F A T E  
Merck Reagent

(C ry s ta ls )
A ssa y : M in im u m  9 5 %  (N H 4) 2S20 8  
C o n fo rm s  to  A .C .S . S p e c ifica tio n s  

M a x im u m  I m p u r i t i e s
I n s o lu b le .................................................0 .0 2 0  %
R es id u e  on  ig n i t io n ..........................0 .1 0  %
C h lo ra te  a n d  C h lo rid e  (a s  C l ) . . 0 .0 0 1  %
H e a v y  m e ta ls  (a s  o x id e s )  0 .0 2 0  %
M a n g a n e se  ( M n ) ................................0 .0 0 0 1 %

(N H 4)2S20 8  M o l. w t. 228.20 
5 lb ., 1 lb .,  Vi lb ., a n d  1 oz. b o tt le s

P O T A S S I U M  N I T R A T E  
Merck Reagent

(C ry s ta ls )
C o n fo rm s  to  A .C .S . S p ec ific a tio n s  

M a x im u m  I m p u r i t i e s
In s o lu b le ...................................... ..........0 .0 0 5  %
F re e  a c id  (a s  H N O 3) ........... ____ 0 .0 0 7  %
F re e  a lk a l i ................................... .......... n o n e
C h lo rid e  ( C l ) ............•............. ............0 .0 0 1  %
T o ta l  c h lo rin e  ( C l ) .............. ..........0 .0 0 2  %
Io d a te  ( IO 3) ............................. .......... 0 .0 0 0 5 %
N itr i te  ( N O j ) .......................... .......... 0 .0 0 1  %
P h o s p h a te  (P O 4) .......... 0 .0 0 0 5 %
S u lfa te  (S O ;) ........................... .......... 0 .003  %
A m m o n ia  (N H 3) ............................... 0 .0 0 2  %
C alc iu m , M a g n e s iu m , a n d

N H 4O H  p re c ip .................... .......... 0 .0 1 0  %
H e a v y  m e ta ls  (as  P b ) .................... 0 .0 0 0 5 %
Iro n  ( F e l .................................... .......... 0 .0 0 0 3 %
S o d iu m  ( N a ) ............................ . a b t .  0 .0 2  %

K N O 3 M o l. w t.  101.10
5 lb ., 1 lb ., a n d  V< lb . b o tt le s

Some of the other Merck Reagents used  
b y  Rubber Chem ists:

SODIUM HYDROXIDE REAGENT PELLETS 
SILVER NITRATE REAGENT 
SODIUM SULFIDE REAGENT 

BARIUM CHLORIDE REAGENT

T h e  q u a l i t y  o f  M e r c k  M i n e r a l  A c id s  
a n d  A m m o n i a  W a t e r  i s  i n  k e e p i n g  
w i t h  t h a t  o f  M e r c k  R e a g e n  t  C h e m ic a l s .

Reagent Chemicals
Until the Chemist Priestley suggested in 1770 that caoutchouc be used to 
erase pencil marks, the elastic substance now known as rubber was regarded 
merely as a strange and useless article. Seventy years later Goodyear dis­
covered the process of vulcanization, and laid the foundation of the modern 
rubber industry.

Today, more than 30,000 different articles are made wholly or in part of 
rubber, and new uses are regularly developed. A brief trip through the Merck 
Plant discloses many forms of rubber employed in various operations visual 
evidence of the contributions made to the chemical industry by the rubber 
chemist.

Likewise, a visitor to the laboratory of a progressive rubber chemist will 
note the many Reagent Chemicals bearing the Merck label—proof that 
Merck has kept pace by supplying the chemicals essential for the develop­
ment of new uses for, and new forms of, a substance once regarded merely 
as a curiosity.
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TODD SCIENTIFIC SPECIFICATIONS

PRECISE LABORATORY FRACTIONATION
An efficient and versatile laboratory fractionation column assembly with a new method of 
adiabatic temperature control for complete fractionation of many types of organic liquid 
mixtures either at atmospheric pressure or under vacuum.

Covered by United States patent No. 2,387,479. 

FEATURES:
1. F ractionation  efficiency up to  50 theore tica l plates.

PRESENT USERS:

Am erican C yanam id Co., B ound Brook, N . J. 
Andrew  Jergcn’s Co., C incinnati, Ohio 
Ashland Oil & Refining Co., A shland, Ky.
B akelite  C orp., B ound Brook, N . J .
Carnegie In s titu te  of Technology, P ittsb u rg h , P a . 
Dow Chem ical Co., F reeport, Texas 
H oudry  Process C orp., M arcus H ook, Pa .
Jones & L aughlin  Steel C orp ., P ittsb u rg h , Pa .
M erck & Co., Inc., R ahw ay, N . J.
M onsanto  Chem ical Co., Texas C ity , Texas 
N ational B ureau  of S tandards, W ashington, D . C. 
N ational Oil P roducts  Co., H arrison, N . J .
New Y ork N avy  Y ard , N . Y.
Norwich Pharm acal Co., Norwich, N . Y.
Queen’s U niversity , O ntario , C anada 
R aym ond Laboratories, Inc., S t. Paul, M inn. 
Shaw inigan C hem icals L td ., Quebec, C anada 
S harp  and Dohm e, Inc., Phila., Pa.
Shell Oil Co., Inc., W ood R iver, 111.
S w arthm ore College, Sw arthm ore, Pa .
Thiokol C orp., T ren ton , N. J .
U . S. In d u stria l Chem icals, Inc., New Y ork, N . Y. 
U niversity  of C hattanooga , C hattanooga, Tenn. 
U niversity  of K ansas, Lawrence, K ansas 
U niversity  of Virginia, C harlo ttesville, Va. 
U niversity  of W isconsin, M adison, Wis.
Velsicol Corp., Chicago, III.
Vick Chem ical Co., G reensboro, N . C.
W esleyan U niversity , M iddletow n, Conn.
W y an d o tte  Chem icals C orp., W yando tte , M ich.

2. F ractionation  charges from  2 cc. to  5000 cc.
3. T em peratu re  ran g e  from  ro o m  tem perature to  400°C . (752°F .).
4 . N ew  p recision  device fo r ad iaba tic  tem perature  con tro l.
5. A tm ospheric  o r  vacuum  frac tionation .
6. T h ree  in terchangeab le  frac tionating  colum ns.
7. Im proved  sp ira l p ack ing  fo r sm all colum n.
8. R apid  frac tionation  w ith  com plete visability.
9. Easily opera ted  w ith  a m inim um  o f experience.

10. Special m achined  suppo rts fo r assem bling  apparatus.
11. P rec ision  co n tro l panel fo r opera ting  the co lum n’s "S taggered  

D ual H eating  U n it"  and  still pot.
12. Special alum inum  alloy still po t w ith low  tem perature  lag.
13. A ll m etal parts  non-corrosive  to  no rm al labo ra to ry  a tm osphere .
14. R apidly  assem bled o r  d ism antled .

For additional experimental results, method of operation, 
and details, see article, “Efficient and Versatile Laboratory 
Fractionation Column Assembly,” by F. Todd, Ind. Eng. 
Cbem., Anal. Ed., Volume 17, page 175, 1945.

FRACTIONATION COLUMN ASSEMBLY includes:
(a) T hree in terchangeab le  frac tiona tion  colum ns, 5, 12, and 25 m m . I .D . for 3 foot 
long packing  sections; all colum ns w ith T  jo in ts  and  hooks for in serting  colum ns; 
the  tw o larger columns w ith  stain less s teel grids for supporting  packings. T he 5 
m m . I .D . precision frac tiona tion  colum n is supplied w ith th e  im proved M onel m etal 
sp ira l packing (precision m ade for high efficiency), (b) "S taggered  D ual H eating  
U n it"  (U . S. P a te n t No. 2,387,479) for operating  assem bly under a d iabatic  conditions 
from  room  tem p era tu re  up  to  400°C . (752°F .), including tw o a ttach ed  0 to  360°C. 
therm om eters; (c) S till head  in terchangeab le  w ith th e  th ree  colum ns and  w ith f  
....................... "itill h e a ' * -   -  . . .jo in ts ; (d) S till h ead  therm om eter 0 to  3C0°C. w ith f  jo in t a t  75 m m . im m ersion 
m ark ; (e) Im proved  m icro- and  m acro-control reflux regu la to r w ith f  jo in ts  and 
with T  grooved s topcock; (f) Reflux condenser w ith  T  jo in t; (g) D istilla te  condenser 
w ith spherical jo in t, m etal clam p, and  d rop  coun ter b u lb ; (h) O uter glass insu lato r
ja ck e t 75 O .D . w ith  s lo tted  side to  receive s till head  take-off a rm ; (i) Cylindrical 
polished stain less steel add itional in su la to r ja c k e t to  su rround  rear */j of en tire  
colum n assem bly; (j) Tw o specially  designed s tu rd y  m etal supports  for holding en­
tire  assem bly in position. All g lass p a rts  Pyrex b ran d . Overall height of assem bly 
5'8*. C om plete as d e sc rib e d . .................................................................................. $175.00

Q uotations on request for vacuum  receiver, various sizes of s till po ts, and  recom ­
m ended choice of 12 and  25 m m. I.D . colum n packings no t supplied.

P R E C IS IO N  C O N T R O L  P A N E L  for operating  th e  colum n’s "S taggered  D ual 
H eating  U n it”  and  s till po t heater. Specially designed for ex trem e range of tem ­
p e ra tu re  contro l, sensitiv ity  for fine control, s tab ility  during  continuous operation , 
w ater-cooled for heavy d u ty , general u tility , and  neatness of appearance. P anel is 
finished in  fine black  w rinkle enam el, chrom ium  sw itch  p lates, and  p ro tec ted  on the  
back w ith a  m etal shield. Size 16* x 25*. For use on 110 v o lt a.c. or d .c .. .$ 6 5 .0 0

A L L -PU R PO SE  L A B O R A T O R Y  H E A T E R  especially designed for heating  the  
colum n assem bly’s s till po ts, w ith high therm al efficiency and  long life, and  for per­
m itting  the  frac tiona tion  colum ns to  be b rough t quickly to  equilibrium  conditions. 
F ab rica ted  from  special alum inum  alloy to  resist corrosion, for d u rab ility , and  w ith 
a m etallic  satin-like  finish for n ea t appearance and  m axim um  heating  efficiency. 
Supplied w ith rem ovable handle, four rem ovable to p  p la tes  to  fit any  size flask from 
10 to  5000 cc., sw itch, 7 f t. cord, and  plug. F o r use on 110 v o lt a.c. or d.c. Com ­
ple te ............................................................................................................................................... $25.00

W rite  fo r rep rin t and  TEC H N ICA L B U LLETIN  100 fo r m ore 
detailed  free in fo rm ation .

TODD SCIENTIFIC g l a s s  a p p a r a t u s  c o .
D esigners and  m anufacturers o f  special scientific labora to ry  apparatus.

DREXEL HILL, PA.
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ACCUTINT Test Papers are simple, rapid and accurate means of making 
hydrogen ion determinations. Merely place a drop of the solution being ex­
amined on a strip of the test paper, observe the color change which occurs, 
then make a comparison with the printed color standard on the vial. Each 
strip reacts to produce a distinctive color reaction at stated pH values 
within its range or indicates that an adjacent range must be used for further 
determination.

W ide Range ACCUTINT Test Papers permit quick determination to 
establish the pH value within 0.5 unit in the range 0 to 14 pH while Fractional 
Range ACCUTINT Test Papers enable closer approximations to within 0.1 
and 0.3 of 1 pH unit. Where a pH value cannot be closely estimated, the 
use of wide range papers is recommended to localize the pH value suni- 
ciently for quick, effective use of fractional range papers.

ACCUTINT Papers are as simple to use as Litmus Paper but are many 
times more informative: the 23 different ranges provide 144 separate color 
reactions. ACCUTINT Papers are furnished in pads of 20 strips each, live 
pads to a vial.

DISTRIBUTORS
E H  S A R G E N T  & C O . — 1 5 5 -1 6 5  E. Superior Street, Chicago 11 , Hi.

M ic h ig a n  D iv ., 1 9 5 9  E. Jefferson, Detroit 7 ,  M ic h .

Serves M id d le  W est, G u lf States and Mountain States o f W est  
G E N E R A L  L A B O R A T O R Y  SUPPLY C O . — Paterson 3, N . J. —  SHerwood 2 -1123

Serves the N ew  Jersey Territory

T H E  E M IL  G R E IN E R  C O . — 161 Sixth A venue , N ew  York, N . Y .
PHIPPS A N D  BIRD — Sixth and Byrd Streets, Richmond, Virginia

Serves Virginia, North Carolina, South Carolina 
S T A N D A R D  SCIENTIFIC SUPPLY C O R P . —  3 4  W . Fourth Street, N e w  York, N . Y .
W IL L  C O R P . — Rochester, N ew  York

A LL  other territory served b y :

A N A C H E M I A  N E W  Y O R K  —  70  East 45th Street, N ew  York 1 7 , N . Y .
M U rray H ill  6 -0 7 5 3

W ide R an g e  A CC U TIN T T e s t 
P a p e rs  

(65c p e r  V ial)
A covers ra n g e  0 th r o u g h  5 pH  
B covers ra n g e  1 th r o u g h  12 pH  
C covers ra n g e  9 th r o u g h  14 pH  

P ack ed  in  v ial, 5 p ad s , 100 s t r ip s  
(P lease spec ify  ra n g e s  d es ired ) 

F ra c t io n a l R an g e  A C C U T IN T  T e s t 
P ap e rs  

(65c p e r  V ial)

N o .  F r a c t i o n a l  R a n g e
1 0 ........................................   0 .0  t h r o u g h  1 .2
2 0 ....................................................... 0 .8  t h r o u g h  2 .4
3 0 . . .................................    1 .3  t h r o u g h  3 .3
4 0 ....................................................... 1 .4  t h r o u g h  3 .0
5 0 .......................................................  1 .7  t h r o u g h  3 .3
6 0 ....................................................... 2 .7  t h r o u g h  4 .7
7 0 .......................................................  3 .9  t h r o u g h  5 .4
8 0 .................   5 .0  t h r o u g h  6 .6
9 0 ....................  5 .2  t h r o u g h  6 .9

1 0 0 ......................   5 .3  t h r o u g h  7 .0
1 1 0 . . . . , ................................................ 6 .1  t h r o u g h  7 .4
1 2 0 ....................................................... 6 .9  t h r o u g h  8 .4
1 3 0 ....................................................... 7 .2  t h r o u g h  8 .8
1 4 0 ....................................................... 7 .3  t h r o u g h  8 .8
1 5 0 ....................................................... 8 .4  t h r o u g h  9 .4
1 6 0 ......................................  8 .9  t h r o u g h  1 0 .0
1 7 0 ............    9 .1  t h r o u g h  1 0 .4
1 8 0 .  .............................................. 1 0 .1  t h r o u g h  1 2 .0
1 9 0 ..................................  1 0 .7  t h r o u g h  1 4 .0
2 0 0 ........................................................1 2 .4  t h r o u g h  1 4 .0

P a c k e d  i n  v i a l ,  5  p a d s ,  1 0 0  s t r i p s  
( P le a s e  o r d e r  b y  R a n g e  N u m b e r s )  
M a s t e r  A C C U T I N T  C o lo r  C h a r t ,  21  x  

1 0 K * . c o r r e l a t e s  b y  v a lu e  a n d  g r a p h i c a l l y  
a l l  144  p H  v a l u e s ,  p e r  c h a r t  $ 3 .2 5 .

1 c o m p le t e  s e t  o f  A C C U T I N T  P a p e r s ,  
c o m p r i s in g  2 3  v ia l s  (3  w i d e  r a n g e s  a n d  2 0  
f r a c t io n a l  r a n g e s )  a n d  a n  A C C U T I N T  
M a s t e r  C h a r t ,  $ 1 8 .2 0 .

ANACHEM IA ?o
C H E M I C A L  SPECIALTIESV

E.45 St., NEW YORK 17, N.Y.

Hydrogen Ion Concentrations c a n  n o w
BE MEASURED W ITH IN  0.1 pH 
W ITH  ACCUTINT TEST PAPERS

Simple—

N o  I n s t r u m e n t  R e q u i r e d  

Can Be Em ployed A nyw here  

C o lo r S ca le  on Each Vial  

M aster Color Chart 

Graphic Correlation
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F A B R  1 C A T E D  F R O M  V Y C O R  9 6 %  S I L I C A  G L A S S

LABORATORY GLASSWARE

L A B O R A T O R Y  G L A S S W A R E

•  Introduced in 1939, distribution of Vycor brand Laboratory Glassware 
had barely started when World War II began and most of the ware was 
drafted. Now, however, “Vycor” is back in civies again and is being 
stocked by your laboratory supply dealer.

It is fabricated from Vycor brand 96% silica glass by a unique, patented 
method whereby most of the constituents other than silica are leached out. 
It has a very low co-efiicient of expansion (approximately .0000008 per 
°C, from 0° to 300° C), an extremely high softening point and exceptional 
chemical stability. Consequently, it is ideal for many types of important 
laboratory work. Reactions can be carried out at higher temperatures 
with greater speed and accuracy. In fact where use of fused silica was 
previously indicated, “Vycor” Glassware will ordinarily serve equally 
well at much lower cost.

A sufficient variety of shapes-beakers, crucibles, evaporating dishes, 
tubes, etc.—is now available to provide a fairly complete coverage of most 
upper temperature requirements. Consult your laboratory supply dealer.

Vycor is a registered trade-mark and indicates manufacture by 
C o r n i n g  G l a s s  W o r k s ,  C o r n i n g ,  N e w  Y o r k



T he Vis ible  Guarantee  o f  Inv i s ib l e  Qu al i t y

KIMBLE GLASS COM PAN Y  VINELAND, N. J.
N E W  Y O R K  •  C H I C A G O  *  P H I L A D E L P H I A  •  D E T R O I T  •  B O S T O N  •  I N D I A N A P O L I S  •  S A N  F R A N C I S C O
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EXAX
^Tiir
L I N E

to  m e e t  a ll r e q u ir e m e n ts  o f  resea rch , a n a ly ­
s is  an d  co n tro l. F or ex a m p le , th e  fo llo w in g  
se le c t io n s  from  th e  K im b le  l i s t  o f  m icr o  
a p p a ra tu s:

4 4 8 5 0 -ST P R E G L  MICRO ABSORPTION TU BE
S IZ E  E A C H

80 m m . $2.50
100 m m . $2.50

35012-ST PREGL PRECIS ION  N ITRO M ETER (AZOTOMETER)
Each $19.00

45159 MICRO CENTRIFUGE TUBE
1/s, 1, 2, 3, 5 m l. Each $0.10

T he 1/ä m l. and 1 m l. sizes arc flanged to 
fit hand centrifuges. Others have reg­

ular beaded top.

46535-ST  MICRO BU R ETTE
S IZ E  S U B D IV IS IO N S  E A C H

5 m l. 0.02 S4.50
5 m l. 0.01 $5.50

10 m l. 0.02 $5.50

46465  MICRO WEIGHING TU BE
W ith ground glass cap. Each $0.80

Consult leading Laboratory Supply Houses throughout 
the United States and Canada for Kimble Laboratory 
Glassware to meet YOUR needs.
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A S C A R I T  E
(R E G IS T E R E D  T R A D E  M A R K )

AGAIN AVAILABLE FOR SHIPMENT FROM OUR STOCK

ASCARITE, (Sodium Hydrate Asbestos Absorbent). Prepared in ac­
cordance with the formula of the late James B. Stetser for the rapid and quan­
titative absorption of CO2 in the determination of carbon in iron and steel v
and in universal use for this purpose in the iron and steel industry throughout 
the world; also used in carbon-hydrogen determinations, particularly in quan­
titative organic microanalysis, and in the analysis of respiratory gases.

While originally designed for use in  the S tetser-N orton modification of the M idvale Ab- ^
sorption Bulb, it  can be used w ith equal satisfaction in th e  Vanier, Fleming, N esbitt, T urner 
and similar bulbs and is particularly recommended for use w ith the M iller Bulb; 60 grams of 
Ascarite (the contents of a  M idvale Absorption Bulb) will absorb from 10 to 15 grams of CO2.
Therefore 500 grams of Ascarite provides for from 2,000 to  4,000 determ inations.

Because of the difference in  color between the used and unused portions of the absorbent, 
it is possible to  determine exactly when a bulb should be discarded.

In  much laboratory practice, Ascarite is used w ithout an additional dryer but, where use of 
the la tte r seems advisable, we recommend D ehydrite as described below.

Bibliography
J. B. S tetser and R. H . N orton, “Combustion T rain  for Carbon D eterm ination,” ThelronA ge,

V o l.102, No. 8 (Aug. 22, 191S).
T. H. Hopper, “Combustion T rain for the D eterm ination of T otal Carbon in Soils,” Industrial and Engineering Chemistry,

A nal Ed., Vol. 5, No. 2 (M ar. 15, 1933), p. 142.
W. R. Kirner, “ Microchemical Analysis of Solid Fuels,” ibid, Vol. 7, No. 5  (Sept. 15,1935), p. 295.
R alph'O . Clark, and Gordon II. Stillson, “ M icrodeterm ination of Carbon and Hydrogen, Use of Abrahamczik Absorp­

tion Tubes,” ibid, Vol. 12, No. 8 (Aug. 15,1940), p . 494.
Alois Langer, “Closed Absorption Tube for M icrodeterm ination of Carbon and Hydrogen,”  ibid, Vol. 17, No. 4 (Apr.,

1945), p. 266.
Fritz Pregl, "Die Quantitative Organische Mikroanalyse,” 4th ed., (Berlin, 1935), p. 45; and 3rd English ed., (Philadelphia,

1937), p. 37.
1 lb. 500 gram  1 kilo

bottle bottle bottle
Mesh 8 to  20......................................................  4 .10
Mesh 20 to  30....................................................... 4 .10

D E H Y D R I
(R eg is te red  T ra d e  M a r k )

DEHYDRITE, (Anhydrous G ranular M agnesium  Perchlorate, Sm ith). A
agent for use as a  w ater absorbent in carbon combustions in steel analysis, in the 
analysis of organic substances, and in the drying of gases including respiratory 
bon monoxide in air and blood.

This anhydrous salt—as offered since 1937—has alm ost double the  moisture absorbing ca­
pacity of the trihydrate  salt originally supplied under our registered trade mark, “ D EH Y ­
D R IT E . 1 I t  possesses in addition the following advantages:

Facility  in charging, since th e  d ry ing  agen t does n o t becom e s ticky  while m om entarily  in  -contact with 
atm ospheric m oisture.

Channels do no t form  in th e  sa lt and decrease its  efficiency.
T he deterio ration  of th e  reagen t is accom panied by  con traction  in volum e, th u s  reducing th e  tendency  of 

dry ing tubes to  clog.
On account of its  porous natu re , i t  offers a lm ost no resistance to  th e  passage of gas.
C otton  can be used as plugs.
The spen t reagent is easily removed from its  container.

See G. Frederick Smith, “Magnesium Perchlorate T rihydrate, Its  Use as D rying Agent for 
Steel and Organic Combustion Analysis," Industrial and Engineering Chemistry, Vol. 16 No 1 
(Jan., 1924), P-20.

P er 250 gram cork stoppered b o tt le ...........................................  1.92
P er 500 gram  cork stoppered b o ttle ...........................................  3.52

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

LABORATORY APPARATUS AND REAGENTS
W E S T  W A S H IN G T O N  S Q U A R E , P H IL A D E L P H IA  5 , P A ., U .S .A .

Cable Address “Balance” Philadelphia

4 .50  8.50
4 .50  8.50

590 GRAMS

/ D e h y d r it e



INDUSTRIAL a n d  ENGINEERING CHEMISTRY
P U B L I S H E D  BY

Instrumentation in Analysis

In  t h i s  issue we inaugurate a new monthly feature, Instrumentation in Analysis, 
prepared by Ralph H. Müller. Brief discussions of new instruments, methods, 

and apparatus of interest to analytical chemists, together with some discussion of 
their significance, field of application, and possible influence on the trend of future 
developments will appear over Dr. Müller’s signature. It is recognized that many 
devices and methods, which are not primarily concerned with chemistry, will ulti­
mately prove useful in analysis. This is particularly true in optical, electrical, elec­
tronic, and mechanical devices.

Dr. Müller is particularly well fitted by training and experience to cover the 
subject of Instrumentation in Analysis. He has been a member of the Radiation 
Laboratory of the Massachusetts Institute of Technology since 1942, and has done 
research in photochemistry, chemical physics, photoelectric photometry, electron­
ics, instrumental methods of analysis and control, design of industrial and scientific 
instruments, and radar. He is well known to our readers as the author of compre­
hensive articles on photoelectric methods in analytical chemistry, American ap­
paratus, instruments, and instrumentation, and instrumental methods of chemical 
analysis which appeared in 1939, 1940, and 1941. After receiving his Ph.D. from 
Columbia University and studying at Gottingen, he was on the staff of New York 
University from 1924 until he went to the MIT Radiation Laboratory to engage in 
highly secret research work for the war effort. In 1931 he received the silver medal 
of the American Medical Society for investigations on radium poisoning. Dr. 
Müller has been a member of the Advisory Board of the A n a l y t i c a l  E d i t i o n  

for several years and extremely active in its deliberations.
It is felt by your editors that the introduction of Dr. Müller’s column as a 

monthly feature is another step forward in a progressive and positive editorial 
program. The war stimulated greatly the development and use of instrumental 
methods of chemical analysis and unquestionably this trend will continue to grow 
in the future. There has been a long-felt need among analytical chemists for a 
timely, unbiased, and authoritative discussion and interpretation of new develop­
ments in the field of instrumentation.

Your editors and Dr. Müller will welcome suggestions and constructive criti­
cisms from our readers. We also will welcome suggestions on other subjects of 
special interest to analytical chemists that might be developed into regular monthly 
features with treatment similar to Dr. Müller’s presentation on- instrumentation. 
We are here to serve the profession and the broad field of analytical chemistry.
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Determination of Aromatics, Naphthenes, and Paraffins 
by Refractometric Methods

R. M .  G O O D IN G ,  N . G . A D A M S ,  a n d  H . T. R A L L  

Petroleum Experiment Station, Bureau of M in es, Bartlesville, O k la .

Methods are described (or determining aromatics, naphthenes, and 
paraffins in virgin naphthas and condensates boiling below 3 2 0 °  F. 
M ost individual hydrocarbons catj be estimated to 2 4 3 °  F. Efficient 
fractionation is used to produce narrow-boiling-range fractions con­
taining relatively few individual hydrocarbons. Densities and re­
fractive indices for the mercury g line and the sodium D  lin e , deter­
mined for each fraction at 2 0 °  C ., give specific dispersions and 
refractivity intercepts used for analysis of the samples. Aromatics 
are determined from specific dispersions and naphthenes, and paraf­
fins are determined by use of modified Kurtz and Headington refrac­
tivity intercept-density charts. Aromatics can be determined from 
these charts with some loss in accuracy. Developm ent of the charts 
from experimental and literature data is discussed and illustrated. 
Analyses of ten crude-oil naphthas are given.

TH E  Bureau of Mines, since early in 1942, has been analyzing 
various virgin naphthas and condensates to  determine their 

possibilities as sources of aviation-gasoline base stocks, toluene, 
and other hydrocarbons. These analyses are based essentially 
upon fractional distillation of the naphthas or condensates, and 
refractometric examination of the distilled fractions. The final 
data  obtained from such analyses indicate the quantities of aro­
matics, naphthenes, and paraffins boiling below 160° C. (320° F.) 
in the sample. The quantities of m ost individual hydrocarbons 
boiling below 117.22° C. (243° F.) can be determined. This re­
port describes and illustrates the method of analysis adopted, 
shows the application of the method to  the analyses of several 
crude oils, and indicates some uses of the results.

A study of the methods used and proposed for the determ ina­
tion of arom atics in saturated  hydrocarbon m ixtures indicated 
th a t arom atics in a  crude oil could be conveniently and accurately 
determined from the specific dispersions of small narrow-boiling- 
range fractions obtained by distillation of the naphtha portion of 
the crude oil. Among others, Dixmier (3), W ard and Fulweiler 
(9), and Grosse and W ackhcr (4) have used specific dispersion in 
hydrocarbon analysis. The present method in which the specific 
dispersion is a  measure of the quantity  of arom atic m aterial in a 
naphtha fraction, when th a t fraction contains only aromatics, 
naphthenes, and paraffins, is essentially a modification of th a t of 
Grosse and Wackher. Such a determ ination is possible because 
specific dispersions for naphthenes and paraffins are nearly equal 
and constant throughout the gasoline range, whereas the specific 
dispersions for aromatics, although not constant, are substantially 
higher than  the values for naphthenes and paraffins.

The general equation for specific dispersion of a liquid is

S  =  j -  n t  X  10* (1)

where S  is specific dispersion, na is the refractive index for light of 
wave length a, n& is the refractive index for light of wave length 
b, d is the density, and 104 is a factor included for numerical con­
venience. All measurements of physical properties are m ade a t 
one tem perature, which for th is work is 20° C. Although disper­
sion m easurem ents of Grosse and W ackher were m ade for the F 
and C lines of hydrogen, the measurements used in this w ork are 
for the mercury g line and the sodium D line. The la tte r two 
lines are used because convenient and reliable mercury and sodium 
lamps are now commercially available and, since the value of the 
term n„ — nt, is greater for these two lines than  for the F  and C 
lines of hydrogen, the accuracy of the method should be improved. 
A further modification of the method of Grosse and W ackher is

in the use of very narrow-boiling-range fractions (usually less than
10 C.) ra ther than  fractions having a  boiling range of about 25° C. 
T he determ ination of accurate values for the specific dispersions of 
pure aromatics, and of an average value for mixtures of naphthenes 
and paraffins, as well as the determ ination of arom atics in crude-
011 naphthas, is discussed by Thorne, M urphy, and Ball (8).

The determ ination of the naphthene content of a  sample is 
based on the use of the refractivity intercept, an empirical prop­
erty  originated by K urtz and W ard (6). The present method is 
a  modification of an analytical procedure proposed by K urtz and 
Headington (5) using this property and applicable to mixtures 
containing both saturates and unsaturates.

The refractivity intercept is defined by the equation

R = rin — 0.5d (2)

where R  is the refractivity intercept, nn is the refractive index for 
the sodium D  line, and d is the density of the liquid, all measure­
m ents being made a t  20° C. As described by K urtz and Ward 
and as used by K urtz  and Headington, R  is a constant for each hy­
drocarbon type or homologous series. If  a  sample contains only 
aromatics, naphthenes, and paraffins, the use of the refractivity 
in tercept as an  analytical tool depends upon the relationship, 
usually shown graphically, between the refractivity  intercepts 
and densities of the sample and of the individual aromatics, 
naphthenes, and paraffins thought to be present. Four major 
modifications have been made in the m ethod of K urtz  and Head­
ington: (1) only arom atics and saturated  hydrocarbons are con­
sidered in  the scheme of analysis; (2) the graphical analysis 
charts cover an average boiling range of 10° C. instead of 30° C.; 
(3) very' narrow-boiling-range fractions are analyzed; (4) indi­
vidual values for refractivity intercepts are used for all compounds 
instead of a single value for each type.

After th e  arom atic and naphthene contents of a fraction con­
taining only aromatics, naphthenes, and paraffins have been de­
termined, the paraffin content of the fraction is obtained by  differ­
ence. Aromatics can be determined by the use of refractivity 
intercept and density, b u t it  is felt th a t the present determination 
of arom atics from specific dispersions is more accurate. A com­
parison of results by the two methods is given in Table I.

A N A L Y T IC A L  A P P A R A T U S  A N D  PROCEDURE

The accuracy of the analytical m ethod described below depends 
in p a rt on the apparatus, and its  quality  m ust be such th a t data 
of th e  requisite accuracy and precision are obtained. The equip­
m ent described in  the following paragraphs has been found satis­
factory for this work.

Two types of columns are used for the fractional distillation of 
samples. In  one assembly' the column proper is a glass tube 21 
mm. in  inside diam eter packed w ith single-turn wire helices 2.4 
mm. (V 32 inch) in diam eter. The packed section is 244 cm. in 
length, and is insulated w ith asbestos listing and magnesia. A 
system of electrical heaters is incorporated in the insulation, so 
th a t the tem perature of the insulation can be m aintained a t or 
slightly below the tem perature of the vapor and liquid within the 
column. These tem peratures are measured by 5 pairs of iron- 
constantan thermocouples spaced along the length of the column. 
The glass still po t is permanently' sealed to  the column proper and 
has a  capacity' of 4.5 liters. A to ta l condenser a t  the top of. the 
column provides reflux and liquid overhead product. The col­
umn was tested in the usual m anner using methydcy'clohexane and 
isooctane, and has an efficiency a t  to ta l reflux equivalent to  88 
theoretical plates.

The other distillation u n it is a  commercially' available vacuum- 
jacketed glass column haying 122 cm. of patented wire packing.

2
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Table I. Comparison of Determination of Arom atics by Specific Dispersion and by Refractivity Intercept-Density M ethods
Volum e P e r C en t of A rom atics in N ap h th a  or C ondénsate 

C artlm ne  C hape! Ilili_______   Conroe_____________   E a s t Texas___  Hull-Silk-Sikes (Strawn)

Specific
disper­

R efrac­
tiv ity
in te r­ Differ­

Specific
d isper­

Refrac­
tiv ity
in te r­ D iffer­

Specific
d isper­

R efrac­
tiv ity
in te r­ Differ­

Specific
d isper­

R efrac­
tiv ity
in te r­ Differ­

Specific
d isper­

R efrac­
t iv ity
in te r­ D iffer­

A rom atic sion cept ence sion cept ence sion cept ence sion cept ence sion cept ence
Benzene 2 .05 1.78 0 .27 0 .54 0 .4 0 0 14 1 .9 Í 1.90 0 .04 0.24 0 .16 0 .0 8 0 .16 0 .1 5 0.01
Toluene 0 .8 8 0 .8 2 - 0 .06 0 .52 0 .4 4 0 .0 8 9.72 9.37 0 .35 1.14 0 .87 0 .27 0 .81 0 .5 5 0 .2 6
Ethylbenzene 0 .1 6 0 .12 0.04 0 .32 0 .23 0 .09 0 .3 7 0.34 0.03 0 .3 8 0 .25 0 .13 0.31 0 .2 0 0.11
rn-Xylene ) 
p-X ylene J 0 .5 4 0 .5 0 0 .04 0 .43 0 .33 0 .10 3 .52 3.42 0 .1 0 1.33 1 .15 0 .1 8 0.81 0 .55 0 .26
o-Xylene 0 .2 4 0 .19 0 .05 0 .1 5 0 .12 0 .03 1.55 1.50 0 .05 0 .64 0 .54 0 .1 0 0 .24 0 .13 0.11
Isopropylbenzene 0 .0 8 0 .04 0.04 0 .09 0 .0 6 0 .03 0 .19 0 .12 0 .07 0 .22 0 .1 0 0 .12
n-Propylbenzene 0 .22 0 .21 0.01 0.51 0 .1 8 0 .03 0 .52 0 .45 0 .0 7 0.41 0 .3 4 0 .0 7

Benzene 1.03
Jenn ings

0 .9 4 0.09
K M  A (Straw n) 

0 .2 4  0 .2 4  0 .0 0 0.13
M num ent 

0 .08 0 .05 1.02
Old Ocean 

0 .92 0 .1 0 0 .16
Plym outh

0.11 0 .05
Toluene 3.51 3 .45 0 .06 1.04 0 .9 0 0 .14 0 .48 0 .30 0 .18 2.69 2.49 0 .2 0 0 .72 0 .62 0 .1 0
E thylbenzene 0 .48 0 .41 0 .0 7 0 .34 0 .3 0 0 .04 0.44 0.33 0.11 0.51 0.43 0 .0 7 0 .35 0 .32 0 .0 3
m -Xylene ) 
p-X ylene J 3 .4 8 3 .3 8 0 .10 1.19 1.05 0.14 0 .50 0.31 0 .19 2.79 2 .4 6 0 .3 3 0 .7 5 0 .5 8 0 .1 7
o-Xylene 1 .87 1.86 0.01 0 .52 0 .43 0 .09 0 .08 0 .03 0 .05 1.60 1.35 0 .25 0 .31 0 .2 5 0 .0 6
Isopropylbenzene 0 .4 2 0 .3 5 0 .07 0 .17 0 .15 0 .02 0 .18 0.11 0 .07 0 .1 9 0 .1 5 0 .04
n-Propylbenzene 0 .87 0 .74 0 .13 0 .5 5 0 .5 2 0 .03 0 .48 0.41 0 .07 0 .3 2 0 .3 2 0 .0 0

Benzene 0 .0 0
Saxet
0 .0 5 - 0 . 0 5 0 .5 9

Segno
0 .5 4 0 .05 4 .60

Slaughter
4 .12 0.4S 0 .1 0

W ade C ity  
0 .0 8 0 .0 2 2 .2 9

W asson
1 .98 0 .31

Toluene 0 .0 0 0 .0 6 - 0 . 0 6 3 .2 2 3 .07 0 .15 4 .8 0 4 .5 0 0 .3 0 0 .79 0 .66 0 .13 4 .44 4 .1 6 0 .2 8
E thylbenzene 0 .4 9 0 .4 0 0 .09 0 .42 0 .3 5 0 .07 1.10 0.83 0 .27 0 .54 0 .45 0 .09 0 .91 0 .7 6 0 .1 5
m -Xylene 1 
p-X ylene J 
o-Xylene

0 .5 8 0 .4 4 0 .14 3 .0 7 2 .86 0.21 2 .86 2 .78 0 .08 1.43 1 .24 0 .1 9 3 .13 2 .91 0 .2 2
0 .0 7 0 .0 6 0.01 1.67 1.54 0.13 0 .7 8 0 .72 0 .06 0.91 0 .75 0 .16 1.19 1.05 0 .1 4

Isopropylbenzene 0 .1 6 0 .0 0 0 .16 0 .4 8 0.41 0 .07 0 .34 0 .27 0 .07 0.29 0 .21 0 .0 8 0 .4 7 0 .39 0 .0 8
n-Propylbenzene 0 .2 7 0 .2 6 0.01 0 .8 8 0 .72 0 .16 0.81 0 .74 0 .0 7 0.74 0.71 0 .03 0 .8 5 0 .79 0 .0 6

The diam eter of the wire packing is 22 mm. The still pot is a  5- 
liter flask w ith a spherical ground-glass joint. The vacuum jacket 
requires no auxiliary heating when the column is operating below 
320° F . A to ta l condenser fits into the top of the column and 
provides reflux and liquid overhead product. The fractionating 
efficiency of this column a t to ta l reflux is 50 theoretical plates a t 
the vaporization ra te  used in  these distillations. In  all columns 
the tem perature of the vapor a t  the top of the column is measured 
by means of iron-constantan thermocouples with a precision of 
0.3° F. (0.17° C.). The peaks for particular compounds in the 
plot of volume per cent against tem perature as measured by the 
thermocouples usually agree w ith the literature values for boiling 
points of the particular compounds to 10 F.

Refractive index measurem ents are made in a Bausch & Lomb 
precision oil refractom eter using monochromatic light. Light is 
provided by commercially available lam ps a t  the wave lengths of 
the mercury g line (4358 A.) and  the sodium D  line (5893 A.). 
The precision of these measurem ents is ±0.00010 unit of refrac­
tive index for routine determ inations. Specific gravities are de 
termined a t  20° C ./200 C. with a chainomatic W estphal balance 
using a  2-ml. glass plummet. The precision of these measure­
m ents is ±0.0002 unit of specific gravity. Specific gravities are 
converted to  densities a t  20° C.

A measured volume of the sample is introduced into the still 
pot. _ The volume of this charge may be from 2 to  4 liters, bu t usu­
ally is between 3 and 3.5 liters. The column is preflooded to  in­
crease separating efficiency, and then allowed to  operate a t  the 
still-pot pressure m aintained throughout the distillation for 1 hour 
or longer. P roduct withdrawal is begun after this stabilizing pe­
riod, and is adjusted to  give a  take-off ra te  of 1 ml. per minute. 
A reflux ratio  of 20 to  1 is maintained by an appropriate vaporiza­
tion rate throughout the distillation. Fractions are collected 
every 8 or 9 minutes, and the temperature of the vapor a t  the top 
of the column is recorded a t  this time. This top tem perature is 
considered as the uncorrected boiling point of the last portion of 
the material in one fraction, and of the first portion of the suc­
ceeding fraction. D istillation is continued until the corrected 
boiling point exceeds 320° F.. or until the still pot is em pty. Af­
te r the distillation is stopped, the still pot is cooled, the column 
is allowed to drain, the residue is removed and its volume meas­
ured. Each distillation yields from 200 to 400 fractions, each rep­
resenting approximately 0.25%  by volume of the original charge.

The volume, the specific gravity , and the refractive index for 
the mercury g line and the sodium D line are determined for each 
fraction.

D E T E R M IN A T IO N  O F  A R O M A T IC S  A N D  NAPH THENES

Refractive indices and densities of m ixtures of aromatics with 
naphthenes, with paraffins, or w ith m ixtures of naphthenes and 
paraffins are not additive either on a  volume per cent basis or a

weight per cent basis, b u t their additiv ity  is more nearly linear 
using volume per cent as shown in Table II . For mixtures of aro­
matics, naphthenes, and paraffins the specific dispersions likewise 
are not additive, b u t are more nearly so using a weight per cent 
basis as shown by Figure 1. For this reason the determ ination of 
aromatics by the use of specific dispersions is m ade on a  weight 
per cent basis and this weight per cent is then converted to  vol­
ume per cent.

. The equation for weight per cent arom atics in a fraction is 

S / — S npW  = 100 +  C (3)

where W  is weight per cent aromatics, S / is the specific dispersion 
of the fraction, Sa is specific dispersion of the individual arom atic

Table II. Nonadditivity of Density and Refractive Index for M ix -  
tures of Toluene with n-H eptane and with M ethylcyclohexane

D eviations of E xperim ental D ensities 
and R efractive Indices from  T heoretical 

(T heoretical-E xperim ental X IQ4)
Composition of Blends in 

Term s of N onarom atic 
Com ponent W eight %

W eight % 
n-heptane

Volume %® 
n-heptane

„ B a s is
d l° „30

n D
100.00 100.00 0 0
98.98 99.19 5 3
96.98 97.60 13 8
94.97 95.98 20 13
89.97 91.89 38 25
79.98 83.50 69 45
70.17 74.85 92 61
50.30 56.15 113 76
29.98 35.13 100 69
19.99 24.02 77 54
10.02 12.35 43 32
5.02 6 .27 23 17
3 .03 3 .8 0 13 11
1.01 1.27 4 4
0 .00 0 .0 0 0 0

M ethylcyclohexane 
100.00 100.00 0 0
98.87 99 .00 5 2
94.87 95.41 12 9
89.91 90.93 23 15
69.91 72.32 53 35
49.94 52 .87 56 41
30.04 32 .56 46 36
10.03 11.15 21 16
5 .03 5 .62 10 9
1.06 1 .19 3 2
0 .0 0 0 .0 0 0 0

Volume %  
.„„Basis „

0
3 
7

13
24
27
23
10
4 
1 0

01
1
2
5
7

10
13
13
10
7
4
3
I
0

0
1
5
7

17 
20
18
8 
4 
1 
0

a C alculated  from  w eight and  density  of com ponents
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Table III. Boiling Points, Specific Dispersions, and Densities of 
Aromatics

A rom atic

Benzene 
Toluene 
E thylbenzene 
p-X ylene 
m -Xylene 
o-Xylene 
Isopropylbenzene 
n-Propylbenzene

" F rom  reliable b u t restric ted  d a ta .
See (5). 

c E stim a ted  value.

being determined, S nP is the average value of the specific disper­
sions of the naphthenes and paraffins, and C is an additive correc­
tion for the deviation from linearity of the propcrty-eomposition 
relationship. The value of S/ is calculated from the refractive 
indices and density of the fraction by the equation

Specific
Boiling P o in t" , D ispersion D e n sity 1*, 

20° C.7C0 M m. (0 -  D )
° C. o Ft
80 .10 176.18 248.4 0 .8790

110.62 231.12 241.4 0 .8669
136.19 277.14 228.1 0.8671
138.35 281.03 238.2 0 .8610
139.11 282.40 237.1 0.8641
144.42 291.96 234 .8 0.8800"
152.40 306.32 215 .8 0 .8619
159.22 318.60 2 1 6 .0 C 0.S619"

S , n  d
d/

X 10J (4)

where n„ and no  are the refractive indices of the fraction for the 
m ercury g line and the sodium D line, and d/ is the density of the 
fraction.

The value of S„p is 122.4, the values of S a are listed in Table 
II I , and the value of C is taken from the curves in Figure 2. A 
discussion of these values is included in the paper by Thorne, 
M urphy, and Ball (S). The equation for converting weight per 
r»nt arom atics to  volume per cent is

y  =  (fr> (fr)
da (5)

where V  is volume per cent aromatics, d/ is the density of the 
fraction, and d„ is the density of the arom atic compound, given in 
Table I I I .  The calculations for the per cent arom atics in each 
fraction are recorded to  the nearest figure in the first decimal place.

For the naphthene determination, refractivity  intercepts for 
each fraction are calculated by the use of Equation 2 and are then 
plotted w ith their corresponding densities on the proper member 
of a  series of 14 graphical analysis charts extending over the tem ­
perature range from 97° to 320° F. The corrected boiling point 
determines which of the charts will be used in plotting the prop­
erty  values of the fraction, and the volume per cent of naphthenes 
in the fraction is read directly from the plot of these values on the 
chart. Percentages for the naphthenes are recorded only in whole 
numbers.

A P P L IC A T IO N  O F  TH E M E T H O D S  O F  A N A L Y S IS

T he distillation characteristics of m ixtures of arom atics with 
naphthenes and paraffins are such th a t m ost of the individual

Figure 2 . Curves for Correcting Arom atic Contents as 
Determ ined by Specific Dispersion M etho d

arom atic compound is distilled from a naph tha  before the boiling 
point of the arom atic compound has been reached. Exam ination 
of the da ta  from a large number of distillations has indicated the 
tem perature lim its w ithin which the individual arom atic com­
pounds are likely to  be found. These limits for the individual 
compounds are: benzene, 146° to 185° F .; toluene, 203° to 251 ° F .; 
ethylbenzene, 251° to 273° F .; p-xylene and »¡-xylene, 273° 
to 283 ° F .; o-xylene, 283 ° to 295 ° F . ; isopropylbenzene, 295 ° to  
310° F .; and ?i-propylbenzene, 310° to 320° F. E quations 3, 4, 
and 5 are applied to  all fractions w ithin these ranges which have 
specific dispersions above 122.4 using the appropriate Constants 
given in Table I I I  for each arom atic compound. Because of the 
small difference in boiling point between p-xylene and m-xylene, 
making separation impossible under the distillation conditions 
employed, the constants for these two compounds are averaged, 
and the results of the determination for the range from 273° to  
283° F. are expressed in terms of the m ixture of the two. As in­
dicated in Table I I I , the specific dispersion for n-propylbenzene 
was estim ated, as none of the pure compound was available to  
make an experimental determ ination possible. However, since 
the densities and refractive indices (raD) of isopropylbenzene and  
n-propylbenzene are practically the same, and since the specific 
dispersions for these two compounds calculated from the refractive; 
indices for the hydrogen F and C lines are virtually  identical (166.5 
and 166.4), th is estim ated value of 216.0 should be within the 
experimental error of the true value, and the correction curve for 
isopropylbenzene in Figure 2 is used for n-propylbenzene. T he 
sum mation of the percentages of arom atic in each fraction, based 
on the total am ount of sample, yields the am ounts of the in ­
dividual arom atics in the sample.

To obtain greater precision in the determ ination of the naph­
thene content of each fraction, individual values for the refrac­
tiv ity  intercepts of the pure compounds are used rather than the  
average values suggested by K urtz and Headington.

U p to  the present tim e the analysis of virgin naphthas has indi­
cated th a t only those naphthenes th a t have 5- and 6-carbon-atcm 
rings occur in these naphthas in detectable quantities. Such 
analyses have also indicated the absence of the cis form of the 
naphthene compounds, and the absence of the more highly 
branched paraffin hydrocarbons. This means th a t only about 34 
individual arom atic and saturated  hydrocarbons need be consid­
ered in the analysis of a  naphtha in th a t portion of the m aterial 
boiling between 97 ° and 243 ° F. From the above considerations 
and from information in the literature, about 70 compounds
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should be considered in th a t portion of the naphtha distilling 
between 2-13° and 320° F.

A study of the boiling points of the compounds in the 97° to 
320° F . range indicates certain fairly wide tem perature intervals 
a t  which no m aterial should distill, so th a t an efficient fractional 
distillation should show minim a in the amount of distillate re­
covered a t these tem perature intervals. Examination of the 
da ta  from more than  75 such distillations shows th a t such minima 
do occur, suggesting the use of these points as tem perature divi­
sions in the method of analysis.

DENSITY

Figure 3. Graphical Analysis Diagram

On the basis of these points of minima and from a knowledge of 
the refractivity  intercepts and densities of the individual hydro­
carbons, together w ith a  consideration of the boiling points and 
distillation characteristics of the aromatic compounds, the tem ­
perature range from 97° to  320° F. has been divided into 15 
smaller ranges for analytical purposes. Graphical analysis charts, 
using refractivity  intercepts and densities, have been constructed 
for 14 of these tem perature ranges. No chart is necessary for 
naphthcne analysis in the range from 135° to 146° F., since only 
paraffin hydrocarbons are present. Table IV  indicates the tem ­
perature range of each division and the individual compounds, 
together w ith their physical properties, which have been used in 
defining the 14 charts.

If points A , B , and C in Fig­
ure 3 represent the refractivity  in­
tercept and density of a  pure in­
dividual arom atic, paraffin, and 
naphthcne hydrocarbon, respec­
tively, then  the composition of 
any fraction, D, containing only 
these 3 hydrocarbons can be de­
term ined from th e  geometrical posi­
tion of point D  w ithin the triangle 
formed by points A , B , and C, 
provided th a t the properties which 
define each of the points are addi­
tive w ith relation to  composition.
As there are only 8 aromatic 
compounds in  th e  boiling range 
considered, it  was relatively easy 
to locate the a r o m a t i c  p o in t s

(A  in Figure 3) on those of the 14 charts where arom atics m ust 
be considered.

For a num ber of boiling ranges the paraffins and naphthenes 
probably present are sufficiently well known and their constants 
sufficiently well established to m ake it  possible to  use their re­
fractivity  intercept and density values to  establish points B  and 
C in Figure 3, and therefore the slope and position of the paraf- 
fin-naphthene connecting line. W here there is insufficient infor­
m ation to  perm it th is procedure, the slope and position of the line 
have been established by using da ta  for distilled fractions free 
from arom atic m aterial. The length of the line, and therefore the 
location of points B  and C, arc determined by a  consideration of 
the paraffins and naphthenes which theoretically m ay be present 
and those which the data  indicate m ost probably are present or 
absent. Figures 4, 5, 7, 8, 9, 10, 12, 13, 14, 16, 17, and 19 show 
some of the representative da ta  used in defining the paraffin- 
naphthene base line of the graphical analysis triangles. These 
data  are no t continuous from one figure to the next, except as in­
dicated, and were taken from a large number of distillations.

Figures 6, 11, 15, and 18 represent the finished form of 4 of the 
14 graphical analysis charts used for the naphthcne determ ina­
tions except for the omission here of the smaller scale divisions or­
dinarily used, and show data  for 4 different naphthas. These 
naphthas are from Saxet, Y ates and Taylor-Link, and Conroe 
crude oils from Texas, and from Lance Creek crude oil from Wyo­
ming. Each is distinctive in its  composition characteristics. 
The Saxet naphtha, from the Corpus Christi area of Texas, con­
tains an  unusually high percentage of the naphtlienic hydrocar­
bons. The Y ates and Taylor-Link mixed sample from W est 
Texas, containing about 75% of Y ates m aterial, has an abnor­
mally low percentage of norm al paraffins and a high percentage of 
isomeric paraffins. The Conroe, Texas, naph tha  has an excep­
tionally high content of the arom atic hydrocarbons. The Lance 
Creek, Wyo., naphtha was completely dearom atized by filtra­
tion through silica gel before the distillation was made. T he 14 
graphical analysis charts are scaled in 1 %  divisions for arom atics 
and in 2%  increments for naphthenes. E ach of the 15 tem pera­
ture ranges from 97 ° to  320 ° F. is discussed in detail below.

Figure 4. Tem perature range, 97 ° to  135° F. Cyclopentane is 
the onlv naphthcne found in this range; n-pentane, 2,2-dimcthyl- 
butane, and 2,3-dimethylbutane are the paraffins present; and 
there is no arom atic. Cyclopentane, which occurs in  m ost crude 
oils, usually is associated w ith a  smaller quantity  of 2,2-dimethyl- 
butane. The to ta l quan tity  of both  compounds is always small. 
The tem perature 135° F. seems to  be the m ost suitable for the 
inclusion of all the cyclopentane in this range, and the exclusion of 
the m ajor portion of the 2,3-dimethylbutanc. In  Figure 4 the 
paraffin and-naphthcne points, and therefore the connecting line, 
are defined by the appropriate constants for 2,2-dimethylbutc'ne 
and cyclopentane. Two sets of da ta  points for typical naphthas 
are also given by curves A  and B , showing the change in compo­
sition of the successive fractions w ith increase in boiling point
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Table IV .  Data Used in Constructing Refractivity Intercept-Density Charts
A rom atics    N aphthenea__________________    Paraffins

R ange, 
° F .

97-135
135-146
146-167
167-185

Boiling
po in t, D ensity , R efractiv ity  

H ydrocarbon  ° F . 20° C. in te rcep t

N one . . .  . . .
(All paraffins— no arom atics o r naphthenes)
Benzene 176.2 0 .8790 1.0616 
B enzene 176.2 0 .8790 1.0616

Av. 0 .8790 1.0616

H ydrocarbon
C yclopentane

M ethylcyclopentane
Cyclohexane

Boiling
point,o p

120.7

161.3
177.3

D ensity , 
20 ° O.
0 .7454

0 .7486
0 .7786

0 .7786

R efractiv ity
in te rcep t

1 .0337

1.0354
1.0369

1.0369

H ydrocarbon
2 .2 -D im ethy lbu tane  

n-H exane
2 .2 -D im ethy lpen tane 
2 ,4 -D im ethy lpen tane

Boiling
point,

° F .
121.5

155.7
174.6 
176.9

D ensity , 
20° C.
0 .6492

0.6594
0 .6739
0.6730
0 .6735

R efractiv ity
in te rcep t

1.0442

1.0452
1.0453
1.0451
1.0452

185-203 None irans-l,3 -D im ethy lcyclopen tane  
trana- 1 ,2-D im ethylcyclopentane

195.4
197.4

Av.

0 .745
0.752

0.749

1.0367
1.0360

1.0364

2,3-D im ethy lpen tane
2-M ethylhexane
3-M ethylhexane

193.6
194.1
197.5

0 .6951
0 .6788
0 .6870
0.6870

1.0445
1.0455
1.0452
1.0451

203-215
215-222
222-235

Toluene
Toluene
Toluene

231.1
231.1
231.1

Av.

0 .8668
0.8068
0 .8668

0.8668

1.0634
1.0634
1.0634

1.0634

M ethylcyclohexane
E thy lcyc lopen tane
1,2,4-T rim cthylcyclopentane

213 .7
218 .2
235 .0

0.7694
0.7665
0.7565

0.7565

1.0384
1.0366
1.0373

1.0373

n-H ep tane
2.2-D im ethylhexane
2.2-D im ethyIhexane
2.4-D im ethylhexane
2.5-D im ethylhexane

209.2
224 .3
224 .3  
229 .0
228 .4

0 .6837
0.6953
0.6953
0.7003
0 .6935
0.6964

1.0459
1.0459
1.0459 
1.0452 
1.0458 
1.0456

235-243
243-251

Toluene
Toluene

231.1
231.1

Av.

0 .8668
0 . 8G68

0 .8668

1.0634
1.0634

1.0634

1,2 ,4-T rim ethylcyclopentane 
frana-l,3-D im ethylcyclohexane 
irans-1,4-D im ethylcyclohexane 
fran í-l-M ethy l-2 -e thy lcyc lopen tane

235 .0
248.2
246 .8
250 .7

0 .7565
0.7660
0 .7625
0 .7696
0.7660

1.0373
1.0399
1.0397
1.0372
1.0389

2,3-D im ethylhexane
2-M ethy lhep tane
3-M ethy lhep tane
4-M ethy lhep tane

240.1
243 .8
246.1
243 .9

0 .7133
0.6979
0 .7058
0 .7046
0.7028

1.0449
1.0461
1.0456
1.0456 
1.0458

251-273 E thylbenzene 277 .2

Av.

0 .8669

0.8669

1.0624

1.0624

irana-1,2-D im ethylcycIohexane 
P ropylcyclopentane 
Isopropylcycjopentane 
Ethylcyclohexane

254 .2
267.4
259 .5
269.2

0 .7760 
0.7761 

. 0 .7763 
0 .7879 
0.7791

1.0390
1.0385 
1.0378
1.0391
1.0386

n-O ctane 258 .2 0 .7026

0.7026

1.0462

1.0462

273-283 p-X ylene
»n-Xylene

281 .0
282 .4

Av.

0 .8610
0.8641

0.8626

1.0653
1.0652

1.0653

1.1.3-T rim ethylcyclohexane 
l-M ethyl-3-isopropylcyclopentane
1.3-D im ethyl-2-ethylcyclopentane

277 .4  
279 .9
280 .4

0 .7792
0.7771
0.7756
0.7773

1.0398
1.0392
1.0396
1.0395

2 .5-D im ethy lhep tane
2 .6 -D im ethy lhep tane 
3 ,3 -D im ethy lhep tane

276 .9
275.4
279.2

0.715
0 .7 0 8 9 .
0 .725
0.7163

1.0462
1.0463 
1.0460 
1.0462

283-295 o-Xylene 292 .0

Av.

0 .8800

0 .8800

1.0653

1.0653

l-M ethyl-2-isopropylcyclopentane 
ierf-B utylcyclopentane 
1,2,4-T ri m ethylcyclohexane 
¿rans-l,2 ,3-T rim ethylcyclohexane

288 .5
293.4  
286 .2
288 .5

0 .7792
0.7911
0 .7720
0.7914
0 .7834

1.0383
1.0385
1.0406
1.0400
1.0393

2-M ethy loctane
3 -M ethy loctane
4-M ethy loctane

289 .9
291 .5
288 .5

0.7134
0.7207
0.7199

0 .7180

1.0464
1.0459
1.0462

1.0462

295-310 Isopropylbenzene 306 .3 0 .8617 1.0605 irans-1 ,2-D iethylcyclopentane
Isobu ty lcyclopen tane
¿rans-l-M ethyl-3-ethylcyclohexane
1,3-D iethylcycIopentane
l-M ethyl-4-ethylcyclohexane
1,1-D iethylcyclopentane
l-M ethyl-2-ethylcyclohexane
Isopropylcyclohexane
scc-B utyloyclopentane

297 .5
298 .9
299.3
299.3
302.2
302 .9  
306 .7
309 .9
310 .3

0.7832
0 .7807
0 .790
0.7850
0 .790
0 .8027
0.804
0 .8016
0.7941
0.7924

1.0379
1.0396
1.0394
1.0373 
1.0393
1.0374 
1 0368

n-N onane 303.4 0 .7178 1.0465

Av. 0.8617 1.0605

1.0400 
1.0390 
1.0385 0.7178 1.0465

310-320 n-P ropy lben  zcne 318 .6

Av.

0 .8619

0 .8619

1.0610

1.0610

Propylcyclohexane
B uty lcyclopen tane

314.1
315 .0

0 .7933
0.7847

0 .7890

1.0403
1.0386

1.0394

2.6-D iraethyloctane
3.5-D im ethy loctane
2.5-D im ethyloctane
2.7-D im ethyloctane

317 .5
317 .9
318.2
320 .0

0.7291 
0 .7328 
0 .7349 
0 .7247 
0 .7304

1.0461
1.0467 
1.0453
1.0468
1.0462
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few fractions, bu t will have a negligible 
effect on the naphthene determination. 
The tem perature 167° F. is a  point 
showing a  minimum in the am ount of 
distillate recovered in the distillations, 
and also serves as a division between 
methylcyclopentane in this tem perature 
range and a possible azeotrope formed 
by benzene and cyclohexane in the fol­
lowing range. This m ixture has a boil­
ing point of about 170° F. Curves A  
and B  in Figure 5 indicate clearly the 
slope and position of the base line for 
this tem perature range and confirm the 
selection of the constants for n-hexane 
and methylcyclopentane as the paraffin 
and naphthene points. The data  for 
this range indicate the high concentra­
tions of the 2 hydrocarbons th a t can be 
expected in these distillations. The 
paraffin-naphthene base line shown in 
Figure 5 is combined w ith the arom atic 

point for benzene to  obtain a  triangle similar in form to the tr i­
angles shown in Figures 3 and 6.

Figures 5 and 6. Tem perature range, 167° to 185° F . Cyclo­
hexane is the only naphthene boiling in this range and usually 
occurs w ith 2,2-dimethylpentane, 2,4-dimethylpentane, and 
benzene. A minimum in volume per cent recovered occurs a t 
185° F. This is also the point a t  which virtually  all of the cyclo­
hexane has distilled from the sample. The bases of two tem pera­
ture ranges are shown together in Figure 5 to  indicate the shift in 
naphthenic constituents in the course of the distillation from 
methylcyclopentane to cyclohexane and also to  show the prob­
able presence of either or both 2,2-dimethylpentane and 2.4-di- 
methylpentane. Curve D in Figure 5 shows th a t in some naphthas 
the paraffin concentration of the fractions increases markedly 
between the maximum concentrations of these two naphthenes. 
The boiling points of these fractions and of the pure compounds 
indicate th a t this increase m ust be caused by either or both of 
the 2 dim ethylpentanes above. Curve C shows an unusual 50%  
by volume concentration of paraffins in this range. T he distilla­
tion data  in Figures 5 and 6 indicate th a t the paraffin and naph­
thene points were chosen properly.

Figure 7. Tem perature range 185° to  203° F . N aphthenes 
boiling in this range are 1,1-dimethylcyelopentane, irans-1,3- 
dimethylcyclopentane, and fnm s-l,2-dim ethylcyclopentane, and 
the paraffins are 2,3-dimethylpentane, 2-methylhexane, and 3- 
methylhexane. Present experience does no t indicate the presence 
of either 3,3-dimethylpentane or 3-ethylpentane. The am ounts 
of benzene or toluene found are negligible and their presence is 
unusual. The tem perature 203° F . is another point in the distilla­
tions where a  definite minimum in to tal volume per cent occurs, 
and is also a division between the isomeric heptanes and n-hep- 
tane. I t  is the lowest tem perature a t which toluene first appears 
in any of the distillations. Curves A  and B  in Figure 7 show the 
shift with increase in boiling point from cyclohexane in Figure 5 
toward 2,3-dimethylpentane and 2-methylhexane in Figure 7, a 
reversal toward the 2 higher-boiling frans-dimethylcyclopentanes, 
and a final reversal in the paraffin direction toward 3-methyl- 
hexane. The required slope and position of the paraffin-naph- 
thene line is defined by the da ta  in  Figure 7 and the paraffin and 
naphthene points selected fulfill these requirem ents. The par­
affin point is an average of the values for 2,3-dimethylpentane, 2-

from n-pentane through .m ixtures containing 
cyclopentane to  2,3-dimethylbutane. Since no 
arom atic occurs in this range the paraffin- 
naphthene line suffices for the naphthene deter­
m ination.

Tem perature range, 135° to  146° F . N or­
mally all m aterial boiling in this range will be 
paraffinic, and no naphthene determ ination is 
required. The paraffins present are 2,3-di- 
m ethylbutane, 2-m ethylpentane, and 3-methyl- 
pentane and  a  procedure for estim ating their 
relative quantities, based on refractive indices 
and densities, is outlined later. The tem pera­
ture 146° F. was selected as the maximum th a t 
can be reached in all distillations w ithout includ­
ing some benzene.

Figure 5. Tem perature range, 146° to  167° F. 
Methylcyclopentane, n-hexane, and benzene 
are the compounds usually found in this range. 
Some 3-m ethylpentane m ay occur in the first

DENSITY 20“C.
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methylhexane, and 3-methylhexane and the naphthene point is 
an average of the values for irans-1,3-dimethylcyclopentane and 
trans-1,2-dimethylcyclopentane. The quantity  of 1,1-dimethyl- 
cyclopentane in this range relative to the to ta l am ount of the 
other 2 naphthenes is usually small and consequently its  con­
stan ts  were not used in the average for the naphthene point.

Figure 8. Tem perature range, 203° to  215° F. M ethylcyclo- 
hexane, «-heptane, and toluene arc the only hydrocarbons usu­
ally present in this range. The tem perature 215° F. separates 
methylcyclohexane from ethylcyclopentano in  Figure 9, and  n- 
heptane from the isomeric octanes. Curve A  in Figure 8 shows 
the transition from Figure 7 to  n-heptane in Figure 8. All da ta  
for this range show a  change in concentration from n-heptane 
toVard methylcyclohexane, both hydrocarbons usually occurring 
in high concentrations. Curve A  in Figure 8 also shows a  shift 
from methylcyclohexane in Figure 8 tow ard Figure 9. All the 
da ta  indicate th a t the constants for methylcyclohexane and n- 
heptane define the paraffin-naphthene line for this range very ac­
curately.

Figure 9 . Tem perature range, 215° to  222° F . Ethylcyclo- 
pentane, 2,2-dimethylhexano, and toluene are the hydrocarbons 
indicated in  this range. The tem perature 222° F. is a t  a  point 
showing a  minimum in volume per cent of distillate and separates 
ct hylcyclopontane from the higher-boiling naphthenes in Figure 10. 
The data  shown in Figure 9 indicate th a t only a  few cuts are 
normally recovered in this range and th a t these cuts contain a 
high naphthene concentration. The napthene point for the par- 
affin-naphthene line is based on th e  properties of ethyleyclopen- 
tane  and the paraffin point is based on the properties of 2,2-di- 
methylhexane, although its  boiling point is higher than  the indi­
cated tem perature range of Figure 9.

Figures 10  and 1 1 . Tem perature range, 222° to  235° F . Two 
or more unidentified naphthenes probably arc present in  this 
range together w ith the paraffins and toluene. The probable 
paraffins are. 2,2-dimcthvlhoxane, 2,5-dimethylhexane, and  2,4- 
dim ethylhcxane, w ith no indication of the presence of 3,3-di- 
m ethylhexane. The tem perature 235° F . usually indicates a 
change in  the paraffin constituents of the fractions boiling a t  this 
point, making a change in  the paraffin point of th e  paraffin- 
naphthene line advisable. The d a ta  for this range, in  Figures 
10 and  11 indicate a  small am ount of distillate through­
ou t th e  range except in  those cases where th e  am ount of toluene

in the sample is high. Since the am ount of distillate in the range 
is usually small for naphthas having no toluene in them , the par- 
aflin-naphthene line cannot be defined as accurately as in some 
of the other ranges. Figure 11 represents the best solution pos­
sible w ith present knowledge and data. The naphthene point is 
based on the constants for i,2,4-trim ethylcyclopcntanc, although 
its actual presence is uncertain. The paraffin point is determined 
by the average of the values for 2,2-dimethylhexane, 2,5-di­
methylhexane, and 2,4-dimethylhexane.

Figure 10. Tem perature range, 235° to  243° F. T he naphthene 
m aterial in this range is characterized by the properties of 1,2,4- 
trim ethylcyclopentane and the probable paraffin is 2,3-dimethyl- 
hexane. Toluene may be present in small quantities. N aphthene 
and paraffin concentration relative to  the whole sample normally 
begins to  increase rapidly a t  243° F . and a change in both naph­
thene and paraffin points is indicated by the distillation data .



January, 1946 A N A L Y T I C

DENSITY 20“ C.

of (fan.s-1,4-dimcthy Icy clohcxane, irans-1,3-dimethylcyclohex- 
ane, and  irans-l-methyl-2-ethylcyclopontane. Probably some
1,1-dimethylcyclohcxane is present bu t the relative am ount is 
usually small. The paraffin point is defined by the average of the 
values for 2-methyIheptane, 4-m ethylheptane, and 3-m ethylhep- 
tano. The da ta  for this range confirm this selection of paraffin 
and naphthene points.

Figure 13 . Tem perature range, 251° to 273° F . T he principal 
naphthenic constituents in  this range appear to  be irans-1,2- 
dimethylcyclohexane, n-propylcyclopentane, isopropylcyclopen- 
tane, and ethylcyeloliexane. The paraffin usually present in 
greatest concentration is «-octane, although small am ounts of 2,-
2-dimethylhcptane and 2,4-dimethylheptane may occur. E thy l- 
benzene is usually present in this range. The tem perature 273° F. 
serves as a  division between ethylcyclohcxane in this range and 
the naphthenes in  Figure 14, and also as a relative division be­
tween ethylbonzcne and the 2 arom atics in the next boiling range. 
Curves A  and B  in Figure 13 show a high concentration of naph­
thenic m aterial in the first fractions of the range, the trend of the 
data  tow ard the paraffin point because of the presence of «-octane, 
and the reversal near the boiling point of «-octane toward an­
other region of high naphthenic concentration. Curves A , B, and 
C show the shift from Figure 13 toward Figure 14 in the higher- 
boiling fractions in this range. Curve C represents a naphtha 
alm ost devoid of the normal paraffins. The d a ta  define the par­
affin-naphthene line ra ther well and indicate th a t  the paraffin and 
naphthene points are properly located. The naphthene point is 
defined by an average of the constants for irans-1,2-dimcthylcy- 
clohexanc, isopropylcyclopentane, n-propylcyclopentane, and 
ethylcyeloliexane. The paraffin point is represented by the val­
ues for n-octane.

Figures 14 and 15 . Tem perature range, 273° to 283° F . There 
is no definite indication of the probable naphthenes in this range 
and the more probable paraffins are 2,6-diinethylheptane, 2,5- 
dim ethylhcptane, and 3,3-dimethylheptano. p-Xylene and m- 
xylene usually are present in the fractions distilling w ithin the 
above tem peratures. The tem perature 283° F . is used to  sepa­
rate the dim ethylheptanes from the m ethyloctanes, and p-xylene 
and ?n-xylene from o-xylene in the following tem perature range. 
One set of data  in Figure 14 shows an increase in  paraffin concen-

L E D I T I O N  9

TEMPERATURE RANGE 
273»- 283* F |

T he slope and position of the paraffin-naphthene line are well de­
fined and there are no reversals of direction in the data. The 
naphthene point is determined by the constants for 1,2,4-tri- 
methylcyclopentane and the paraffin point by the constants for 
2,3-dimethylhexane. Here again, the occurrence of 1,2,4-tri- 
m ethyleyclopentane is uncertain, and more than one naphthene 
actually m ay be present.

Figure 12 . Tem perature range, 243° to  251° F. The predomi­
n an t naphthenes in this region are trans-1,3-dimethylcycldhexane 
and irans-1,4-dimothyIeyclohexane, w ith possibly some 1,1-di- 
methylcyclohexane, and one or more cyclopentane derivatives 
w ith constants similar to those of irans-l-methyl-2-ethylcyclopen- 
tane. The predom inant paraffins are 2-methylheptane, 4-mcthyl- 
heptane, and 3-m ethylheptane. Small am ounts of toluene may 
be present in some distillations. The tem perature 251° F. serves 
to separate the isomeric octanes from «-octane, and the naph­
thenes in th is region from irans-1,2-dimethyleyciohexane in Fig­
ure 13. T he slope and position of the paraffin-naphthene line are 
well defined by the da ta  in Figure 12. The naphthene point is 
based on the average of the refractivity intercepts and densities

' 1.0460

FIG U R E 14
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Table V .  V o lu m e Per Cent of Individual Hydrocarbons in the 9 7 °  to 2 4 3 °  F. Boiling Range for Several Representative Naphthas

H ydrocarbons
n -P en tane°
C yclopentane
2 .2 -D im ethy lbu tane
2 .3 -D im ethy lbu tane
2-M ethy lpen tane
3-M ethy lpen tane 
n-H exane
M eth.vlcyclopentane
2.2-D im ethyIpentane )
2 .4 -D im eth y lp en tan e )
Benzene 
Cyclohexane
1.1-D im ethylcyclopentane
2.3 -D im ethy lpen tane )
2-M ethylhexane J 
ironz-1,3-Di m eth.vlcyclopentane 
irans-1,2- D im ethylcyclopentane
3-M ethylhexane 
n-H ep tane  
M etbylcy clohexane 
E thy lcyclopen tane
2 .2-D im ethylhexane
2.5-D im ethyihexane )
2.4-D im ethylhexane j 
Toluene
T rin ie thylcyclopentanes (?)
2 .3-D im ethylhexane 
A trim ethy lcyclopen tane (?)

T o tal

0 n -P en tan e  boiling below 97.0° F! n o t included in these  figures.

K M  A Old Tom Wade
C oalinga Conroe H astings Jennings Straw n Ocean Saxet Segno O 'C onnor C ity

0 .44 0 .33 0.89 1.12 0 .4 0 0 .3 6 1.11 0 .5 5 N one 1 .28
1.76 0 .96 1.23 0.67 1.25 0 .8 5 0,73 1.08 1.04 1.36
0 .25 0 .39 0 .7 8 0 .42 0 .1 6 0 .5 8 0 .32 0 .7 4 0 .6 0 0 .57
2.21 1.46 1.97 2 .05 1.74 1 .88 1.25 1.94 2 .09 1.27
2 .56 2 .8 9 2 .1 6 3 .47 4 .39 5 .23 1.33 3 .71 4 .61 1.14
1.89 2 .09 1.81 1.03 3 .8 0 3 .3 6 0 .88 2 .22 2 .62 1.62
7 .75 6 .44 5 .1 8 9 .15 12.71 10.18 2.29 8 .8 4 7 .7 6 2.04

10.29 6 .61 7 .42 5.01 7 .52 5 .42 5.52 6 .4 0 6 .7 0 7.39
0 .51 0 .9 6 2 .55 1.46 0 .7 9 1.52 3.51 1.38 1.72 2 .27
2 .22 3 .2 7 0 .1 6 3 .61 0 .5 9 2 .2 8 None 1.82 0 .5 8 0 .3 8
7 .03 10.40 13.66 7 .13 4 .6 8 7 .3 0 15.07 9 .64 10.94 14.93
1.17 0 .3 5 0 .7 0 1.00 0 .4 5 0 .83 1.30 0 .5 9 0 .6 8 0 .96
2 .09 3 .45 4 .53 6 .14 5 .81 6.71 2 .39 5 .32 5 .79 2 .27
4 .9 2 2 .6 2 5 .7 8 2 .5 3 7 .0 8 3 .8 7 4.33 2 .9 8 4 .3 6 3 .9 7
7 .0 5 1 .59 2 .3 5 1.02 5 .29 1.41 3 .12 1.29 2 .6 4 3 .94
3 .3 0 1.90 1.49 2 .2 5 3 .9 0 2 .8 8 1.25 2.01 3 .2 9 1.32
5 .94 6 .9 0 2 .4 3 8 .42 11.32 10.92 1.69 7 .9 6 4 .9 6 0 .8 6

14.55 2 2 .0 0 32 .39 18.07 12.29 17.20 37.48 21 .58 23 .02 35 .62
4 .38 2 .03 3 .5 8 2 .3 4 3 .6 5 3 .48 4 .09 2 .7 0 3 .22 5 .1 6
0 .57 0.71 0 .7 7 2 .3 9 0 .93 1.51 1.35 1.27 1.51 1 .39
0 .5 6 2 .7 0 2 .0 2 2 .13 0 .51 1 .04 2.11 1.69 0 .3 3 1.19
7 .94 16.19 0 .7 7 12.02 2 .5 7 5 .8 7 None 9.61 3 .39 2 .64
7 .23 3 .5 6 3 .0 5 3 .71 4 .5 6 3 .3 8 4 .42 2 .5 6 3 .5 8 3 .69
1.30 0 .22 1.33 2 .39 2 .4 9 1.45 1.66 1.87 3 .3 9 1.23
0 .89 0 .0 8 1 .00 0 .4 7 1.12 0 .4 9 2 .8 0 0 .2 5 1.18 1.61

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

tra tion  w ith an  increase in boiling point whereas the other set 
shows the reverse. The paraffin-naphthene line seems to  be rea­
sonably correct although more knowledge of the constituents of 
th is range is desirable. T he naphthene point is defined by the re- 
fractiv ity  intercepts and densities of the 3 naphthenes listed in 
T able IV  for this range. These m ay or m ay no t be the more 
probable hydrocarbons present. The paraffin point is defined by 
the average of the values for 2,6-dimethylheptane, 2,5-dimethyl- 
heptane, and 3,3-dimethylheptane. The arom atic point in Figure 
15 is based on the average of the constants for p-xylene and m- 
xylene. For the Cj and the two C» arom atics determined in  this 
scheme of analysis, the tem perature lim its chosen for the individ­
ual compounds do no t imply clear-cut separations of the hydro­
carbons by the distillations, and the m ethod of analysis relies on 
th e  principle of compensating errors for the a tta inm en t of the 
probable error later indicated for these determ inations. The 
principle of compensating errors is included also in the accuracy 
indicated for the paraffin and naphthene determinations.

Figure 16 . Tem perature range, 283° to  295° F . The naph­
thenes in this range, as in the preceding range and the 2 succeed­
ing ranges, are not well known and no a ttem p t is made to  single 
ou t the predom inant naphthenic compounds. The paraffins are 
probably 4-methyloctane, 2-methyloctane, and 3-m ethyloctane. 
»-Xylene is usually present in th is tem perature range. T he tem ­
perature 295° F . separates o-xylene from isopropylbenzene (cu- 
mene) and the isomeric nonanes from n-nonane. T he slope and 
position of the paraffin-naphthene fine are clearly indicated by the 
d a ta  in  Figure 16. This confirms the location of the paraffin 
point and indicates th a t th e  naphthene point has been selected 
w ith reasonable accuracy. The paraffin point is based on the 
average of the constants for 4-m ethyloctane, 2-mcthyloctane, and
3-m ethyloctane. The naphthene point is defined by the average 
ef the values for the 4 naphthenes listed in Table IV  for this range.

Figures 17 and 18 . Tem perature range, 295° to 310° F. Some 
of the naphthenes th a t are theoretically constituents of the ma­

terial boiling in this range are listed in  Table IV. The 
predom inant paraffin is n-nonane, and isopropylbenzene 
is usually present in th is tem perature range. The tem ­
perature 310° F. separates isopropylbenzene from n- 
propylbenzene and n-nonane from the isomeric decanes 
likely to  be present in  petroleum naphthas. The da ta  in 
Figure 17 define the slope and position of the paraffin- 
naphthene line and indicate th a t th e  paraffin and 
naphthene points represent the largest p a rt of previous 
distillation data. The paraffin point is the plot of the 
refractivity  intercept and density of n-nonane, and the 
naphthene point is based on the average of the constants 
for the compounds listed in Table IV  for this range.

Figure 19 . Tem perature range, 310° to  320° F . The 
naphthenes in this range are represented by the values 
for n-propyleyclohexane and n-butylcyclopentane. The 
paraffins present are probably 2,6-dimethyloctane, 
3,5-dimethyloctane, 2,5-dimethyloctane, and 2,7-di- 

m ethyloctane. n-Propylbenzene usually is present in the range. 
T he tem perature 320° F . was chosen to include all the n- 
propylbenzene in the naphthas. The da ta  in Figure 19 do 
no t define the paraffin-naphthene line as well as m ost of the

other da ta  shown previously b u t do indicate th a t the points se­
lected for this range are reasonably accurate considering the pres­
en t knowledge of petroleum naphthas in this boiling range. The 
paraffin point is based on the average of the constants for 2,6- 
dim ethyloctane, 3,5-dimethyloctane, 2,5-dimethyloctane, and 
2,7-dimethyloctane. The naphthene point is defined by the con­
s tan ts  for n-propylcyclohexane and n-butylcyclopentane.
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No da ta  for the Conroe naphtha are shown in Figure 18, since 
the distillation of this sample was discontinued a t 295° F . For 
the sake of clarity, no t all d a ta  obtained in the column distilla­
tions are shown in Figures 4 to 19, as many of the points would 
have coincided and overlapped. The data  omitted would not 
have altered the general shape or extent of any of the curves but, 
on the contrary, would have strengthened the conclusions drawn. 
The small directional arrows indicated on the curves show the 
increase in boiling point of the fractions. The fact th a t some of 
the points shown on Figure 18 fall beyond the boundaries of the 
triangle has several implications: (1) the literature values of the 
constants for some of the pure compounds are in error; (2) undue 
weight was given to  certain compounds in defining the shape of 
the particular triangle; or (3) certain naphthas will exhibit un­
usual characteristics no t encountered in most cases. Unusual char­
acteristics would include the appearance of significant quantities 
of bi- or dicyclic naphthenic compounds in the higher-boiling por­
tion of the naphtha.

H aving determ ined the volume per cent of aromatics, naph- 
thenes, and paraffins in  each fraction, these volume per cents are 
converted to  volume per cents based on the to tal sample which 
are sum med progressively for each fraction a t the corrected boil­
ing points recorded for each of these fractions. The volume 
sum per cents and the recorded boiling points are plotted 
on suitable graph paper and curves are drawn through each 
of the points. From  these curves the volume sum per cents 
of arom atics, naphthenes, and paraffins are read a t  each de­
gree from 97° to 320° F . The difference between the vol­
ume sum per cents for any 2 successive degrees is the volume per 
cent of arom atics, naphthenes, or paraffins distilled throughout 
th a t specific degree. From  these data, curves indicating the vol­
ume per cent per Fahrenheit degree of each of the hydrocarbon

types are p lo tted  as shown on Figure 20. These charts show the 
results of the analysis in graphical form. T he am ounts of the in­
dividual aromatics, and the to ta l am ounts of naphthenes and 
paraffins have been determined from the da ta  obtained, and the 
am ounts of individual naphthenes and paraffins, or any desired 
group of compounds, m ay be estim ated from the curves shown on 
Figure 20. F urther examination of the da ta  obtained by these 
analyses will give the am ounts of m ost of the individual hydro­
carbons having boiling points below 243° F . T able V gives the 
am ounts of the individual hydrocarbons boiling below 243 ° F . in

10 representative naphthas as determ ined by the procedure ou t­
lined in the following paragraphs. A paper in  preparation will 
give additional analyses together w ith some correlations th a t have 
been obtained from a study of the data . In  general, the data  will 
substantiate m ost of the conclusions drawn by Forziati, Willing­
ham, M air, and Rossini (S). U nfortunately, two of the samples 
indicated in Table V, Saxet and W ade City, were prepared by the 
refineries in such a  m anner th a t the to ta l quan tity  of hexanes 
naturally  occurring in the crude oils was no t retained in the 
naphthas. This was indicated by the Engler distillation initial 
boiling points of the samples which were 170° and 162° F ., re­
spectively. A study  of similar analyses reported by  other la b o rs  
tories indicates th a t in some cases a similar deficiency m ust have 
existed in the samples analyzed.

PROCEDURE FO R E S T IM A TIN G  IN D IV ID U A L  H Y D R O C A R B O N S  IN  
TEMPERATURE R A N G E  9 7 ° T O  243 ° F.

The estim ations will not include any m aterial having boiling 
points below' n-pentane, and n-pentane will be indicated only in 
such am ount as occurs in a  m ixture w ith higher-boiling m aterial. 
Therefore the first fraction considered in th is procedure is th a t 
fraction whose boiling point shows a decided rise, 5° or more, 
above the boiling point of n-pentane a t  abou t 97 ° F . An increase 
in the refractive index for the sodium D  line (n2c) will accompany 
this tem perature rise. This increase will reach a  peak a t  about 
121° F. and then  decrease until the  reading is 1.3750 or lower, 
a t  approximately 136° F . From  97° to  136° F . the m aterial pres­
en t in the fractions will consist of cyclopentane and n-pentane,
2,2-dimethylbutane, and 2,3-dimethylbutane. The to ta l quan­
tity  of cyclopentane and  2,2-dimethylbutane is determined by  the 
equal-area m ethod of division from a plot of tem perature against 
volume per cent distilled from 97° to 136° F . T he difference be­
tween this quan tity  and the am ount of cyeiopentane determined 
from Figure 4 is the am ount of 2,2-dim ethylbutane in the sample.

From the point w'here the refractive index recedes to  1.3750 a t 
about 136° F . to  the point w'here the index and the density reach 
a  minimum due to  a  maximum concentration of 2-m ethylpentane 
a t  about 141° F ., all the  m aterial in the fractions will be 2,3-di- 
m ethylbutane and 2-m ethylpentane. T he percentage of 2,3-di­
m ethylbutane is calculated from the equation

0.0036Y  -  n°D° -  1.3714 (6)
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Figure 2 0 . V o lu m e Per Cent per Degree Fahrenheit, Paraffins, Naphthenes, and Aromatics

where (100)F =  volume per cent of 2,3-dim ethylbutanc and n2£ 
is the refractive index of the fraction. I f  there are several frac­
tions in th is minimum region, E quation  6 is used to  the m iddle of 
th e  region.

From  this minimum to about 145 ° F . the m aterial is 2-methyl- 
pentane and 3-m ethylpentane, and the am ount of 2-m ethylpen- 
tane  is determ ined by use of the equation

0.0051 IF =  1.3765 -  n ‘b° (7)

where (100) IF is the volume per cent of 2-m ethylpentane. Equa­
tion  7 is used up to  and including th a t fraction showing a  “low” 
in  the volume per cent of 2-m ethylpentane indicated by  the equa­
tion, which occurs a t about 145 ° F . An increase in the am ount of 
2-m ethylpentanc shown by  the use of the equation indicates th a t 
n-hexane is responsible for th is increase.

From  the above “ low” in the am ount of 2-m ethylpentane cal­
culated to  a  tem perature of 150° F ., the fractions usually contain 
only 3-m ethylpentane and n-hexane, the am ount of n-hcxane 
being calculated by use of the equation

0.0016F =  1.3765 -  (8)

where (100)1? is the volum e per cent of n-hexane. In  a  few cases 
some benzene will be present in fractions distilling between 1 4 6 °  
and 150° F . and th e  resolution of th e  fractions is then  m ade by 
sim ultaneous solution of the two following equations, based on 
refractive index and density:

A -  0.0128B +  n ° 07121436765 O)

and

0.4392B =  (43.8163) (H) +  (10)

E quation  10 m ay be expressed as

B  =  (99.7639)(if) +  ^  U D

In  E quations 9, 10, and 11 the volume per cent of benzene is 
(100) .4, of n-hexane is (100)13, and of 3-m ethylpentane is (100) X
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All m aterial in  the tem perature range from 150° to 167° F. 
will be n-hexane, methylcyclopentane, and benzene, if benzene is 
present in the sample. M ethylcylcopentane is determined in the 
usual m anner by use of the triangular graph for this tem perature 
range. The base of this triangle is shown in Figure 5. Benzene is 
determined by the use of the specific dispersion equations, and by 
difference the rem ainder of the material in the fraction is n-hcx- 
ane.

All m aterial in  the range 167° to 185° F. is cyclohexane, 2,2- 
dim ethylpentane, 2,4-dimcthylpentane, and benzene, if present. 
No differentiation is m ade between the 2 dimethylpcntanes, cy­
clohexane is determ ined by the use of Figure 6, and benzene by 
the specific dispersion equations.

No arom atics occur in  the fractions having boiling points be­
tween 185° and 203° F . The to tal amounts of naphthcnes and 
paraffins in the range are determined from the use of Figure 7. 
All the naphthenic m aterial in the fractions boiling between 185° 
and 191.5° F . is 1,1-dimethylcyclopentane. All paraffinic m a­
terial w ithin the range 185° to 196.5° F. is a  m ixture of 2,3- 
dim ethylpentane and 2-mcthylhexane and is reported as such. 
From  191.5° to 196.5° F . the naphthenic component is trans-
1,3-dimethylcyclopentane. The paraffinic material distilling 
between 196.5 ° and 2030 F . is 3-methylhexane and the naphthenic 
m aterial in th is range is irans-l,2-dimethylcyclopentane. If 
F igure 7 indicates th a t th e  first fraction in this range from 185° 
to  203° F . still contains cyclohexane as the predom inant naph- 
thene, the naphthene m aterial should be recorded as cyclohexane 
instead of 1,1-dimethylcyclopentane.

T he triangular graph constructed on the base shown in Figure 8 
is used for the determ ination of the am ount of methylcyclohexane 
in  the sample and is used from 203° to 215° F. Toluene is calcu­
lated from specific dispersions, and n-heptane is obtained by dif­
ference.

T he graph for 215° to 222° F . indicates the am ount of ethyl- 
cyclopentane in th is tem perature range. Toluene is calculated 
from specific dispersions, and the remainder of the material in the 
fractions is 2,2-dimethylhexane. (The am ount of ethylcyclopen- 
tane indicated m ay include some other naphthenic material, 
which, if present, is probably a  trimethylcyclopentane.)

T he naphthenic m aterial in boiling range from 222° to  235° F. 
is determ ined from Figure 11 and is recorded as a trim ethyl­
cyclopentane m ixture. Two or more of these compounds may be 
present in these fractions. Toluene again is determined by spe­
cific dispersion measurem ents. The balance of the material in 
the fractions having boiling points between 222° and 226.3° F. 
is 2,2-dimethylhexane, and between 226.3 and 235° F. the 
paraffin constituents are 2,5-dimethylhexane and 2,4-dimethyl- 
hexane.

T he graph for the tem perature range 235° to 243° F. is used 
for the determ ination of w hat probably is a trimethylcyclopen­
tane in th is region. Toluene, if present, is calculated from spe­
cific dispersions, and  remaining material is 2,3-dimethylhexanc.

A technical aide w ithout a  knowledge of petroleum hydrocar­
bons and their behavior when distilled from petroleum naphthas 
can follow the above procedure for estim ating the amounts of the 
individual hydrocarbons in a  naphtha, b u t for greater accuracy a  
skilled analyst should check and complement the procedure out­
lined by the use of o ther combinations of data  obtained in these 
distillations. The accuracy of the method increases with frac­
tionating efficiencies and w ith larger charges of sample to  the col­
umns. F ractionating efficiency can be increased effectively by 
making the product take-off rates 2 to  5 ml. per hour instead of 
the rates th a t had  to  be used in these studies.

In  these laboratories the distillations of the naphthas in the 
fractionating columns require approximately 50 hours for each 
naphtha. The to ta l tim e required for the distillation, the ana­
lytical determ inations, the calculations, and the plotting is from

80 to 100 hours. The distillations and analytical determ inations 
require the services of technical personnel, whereas the calcula­
tions and plotting can be done by  high-school students with a 
minim um of supervision.

A C C U R A C Y  O F  THE M E T H O D

The accuracy of the determ ination of the arom atics by the use 
of specific dispersions is discussed by Thorne, M urphy, and Ball 
(S), and has been checked by analysis of synthetic m ixtures con­
taining known amounts of the individual arom atic compounds. 
W hen the arom atic, content of a normal virgin naphtha is de­
termined by this method, the reported result for any single aro­
m atic compound will have a  probable error of about ± 0 .2% . 
This probable error was checked by the analyses of the synthetic 
mixtures.

The accuracy of the determ ination of the naphthene and paraf­
fin content of a naphtha has not been checked experimentally bu t 
from factors th a t can be estim ated, i t  is believed th a t the deter­
m ination of these two types will be w ithin 10% of the reported re­
sult for th a t portion of the naphtha boiling below 243° F., and 
w ithin 25%  for th a t portion between 243 ° and 320 ° F. T he great­
est source of error below 243° F. is the nonadditivity  of m ixtures 
of arom atics w ith naphthcnes and w ith paraffins, while the great­
est source of error above 243 ° F . seems to  be in the lack of knowl­
edge as to the constitution of this portion of the naphtha.

For the estim ations of individual naphthene and paraffin hydro­
carbons i t  is felt th a t the estim ations are correct to ±  0.3 % by vol­
ume of the to ta l am ount of sample charged to the columns when 
the volume per cent of the individual hydrocarbon is below 3%  
of the charge. W hen the am ount is more than  3% , the accuracy 
of the estim ate should be within ± 1 0 %  of the  am ount reported. 
While overlapping of compounds into adjacent fractions occurs 
a t  the tem perature divisions used in the scheme of analysis due to 
the holdup of the columns and a  lack of sufficient fractionating 
efficiency, such overlapping is compensatory and should no t be 
enough to cause errors exceeding the above limits.

The possible effects of the presence of sulfur compounds on the 
determinations are discussed in a Bureau of Mines report by Ball 
and Thorne (I). The conclusion reached is th a t 0.2%  by weight 
of sulfur in a naphtha will no t affect the final results of analyses 
for the three hydrocarbon types. A nother of this series of papers 
by the B ureau of Mines (7) discusses a  rapid method of analyzing 
naphthas for benzene, toluene, and seven-carbon-atom naph- 
thenes by the use of specific dispersions and refractivity  in te reep t- 
density diagrams.
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Determination of Total Solids in Resin Solutions
C. D A N A  McKINNEy, Jr ., ERNEST TUR K, a n d  W . E. S H A E FER  

Hercules Experiment Station, Hercules Powder Company, W ilm ington 9 9 , Del.

Total solids in solutions of heat-stable resins in volatile solvents 
can be determined rapid ly and with an average accuracy of 0 .3 %  
b y first dissolving samples in a suitable nonvolatile, high-boiling  
solvent and then heating them in vacuo at 1 0 0 °  C. for 2 0  to 30  
minutes while they are being agitated. If the proper high-boiling  
solvent were selected, this general method could be extended to 
the determination of any nonvolatile stable material in admixture 
with any volatile substance.

AN EW  m ethod for the routine determ ination of to ta l solids 
in resin solutions has been developed, which is applicable 

to  solutions of all resins, provided th e  resins do no t change in 
molecular weight through the evolution of gases or m oisture on 
heating. T his “solution-évacuation” m ethod consists essen­
tially of dissolving a  sample of resin solution in a  high-boiling 
solvent, heating the resulting solution under vacuum  to remove 
only the solvent in which the resin was dissolved originally, bu t 
no t the high-boiling solvent, and observing the loss in  weight of 
th e  system. The solution-évacuation m ethod is much more rapid 
and accurate than  any of the usual m ethods which depend upon 
heating a t  atmospheric pressure, either alone (1, S ) or after the 
addition of a suitable high-boiling liquid (4, 5, 6), or upon heat­
ing in vacuo (S'.

As a possible means of determining to ta l solids, the measure­
m ent of several physical constants of resin solutions was consid­
ered. Among these, specific gravity  and refractive index seemed 
m ost likely to give a  useful m ethod, b u t proved to  be im practical. 
T he high viscosity of the solutions made the determ ination of 
specific gravity w ith a W estphal balance practically impossible 
and the filling of a pycnometer a  long and difficult task. The 
correlation between refractive index and to ta l solids was only 
approximate and offered no promise of giving the necessary ac­
curacy.

The resins from which solutions were prepared were definitely 
acidic; consequently, the acid numbers of their solutions pos­
sibly could give a  m easure of the to ta l solids. However, th e  acid 
num ber could no t be measured w ith the desired accuracy w ithout 
very careful work. The acid num ber of the resins was about 60, 
th a t  of the solutions was about 45. Thus, an error of one un it in 
the m easurem ent of the acid num ber corresponds to  a variation 
in the to ta l solids of nearly 2% . Furtherm ore, usual small varia­
tions in the acid num ber of the solid resin also would cause an 
error in this method.

D irect m ethods also were considered. E vaporation of the sol­
ven t in a vacuum  oven offered only a slight advantage over an 
a ir oven, because of poor conduction of heat to  the sample.

T he solution-évacuation method; like the direct methods, in­
volves separating the solvent from the solid resin. However, in 
order to  accomplish th is rapidly and completely, w ithout en- 
tra inm ent as occurs in the oven method, the sample of resin solu­
tion m ust be dissolved in dibutyl phthalate. T his technique keeps 
the system , from which the solvent is being removed, liquid 
throughout the determ ination. The solution in dibutyl ph thal­
ate, contained in a small Erlenm eyer flask, is heated and evacu­
ated , and its  loss in weight determined. This loss in weight is the 
weight of the volatile solvent. Thus, the per cent to ta l solids of 
th e  sample is calculated readily. Such determ inations require 
35 m inutes to  1 hour. The average accuracy and precision of the 
results, expressed as per cent to ta l solids, are 0.2%.

In  order to remove the volatile solvent completely from the 
solution and a t  the same tim e avoid mechanical loss of any p art 
of th e  sample, i t  was found necessary to  provide some surface a t

which the bubbles of solvent vapor could readily form. This was 
accomplished by placing about 6 polished steel balls in the flask 
and slowly rocking it.

Although the solution-évacuation m ethod has been applied 
only to  solutions of resins in nonaqueous solvents, i t  is probable 
th a t its use could be extended to  w ater solutions if one of the 
commercially available polyethylene glycols were used to  replace 
the dibutyl phthalate. In  fact, by adding a suitable high-boiling 
solvent to  the sample, this method could be applied in the deter­
m ination of nonvolatile stable m aterial in adm ixture w ith any 
volatile substance.

A P P A R A T U S

An apparatus was designed to rock two flasks in an oil ba th  in 
such a m anner th a t th e  axis of rotation passes through the base of 
the flasks. This arrangem ent prevents any unnecessary motion 
of the flasks and a ttendan t splashing of the ho t oil. The power 
for this rocking is supplied by a  small electric m otor with a  reduc­
tion gear assembly. (The m otor used in this investigation was a 
Ratiom otor, Type MB58328, m anufactured by the Boston Gear 
Works, Philadelphia, Pa.) The rocking arm is attached to an 
eccentric on the motor by means of a  connecting rod. The built- 
in reduction gear on this m otor gives the driving shaft a  speed 
of 50 r.p.m . The frame for holding the flasks was designed to 
allow the flasks to  be raised from and lowered into the oil bath . 
Figure 1 shows the construction of the rocking device.

T he oil ba th  is constructed of sheet steel and is lagged with a 
1.25-cm. (0.5-inch) layer of 85%  magnesia. The bath liquid is 
heated w ith a  200-watt tubular immersion heater bent and placed 
to  deliver the heat near the bottom  of the bath. The heat input 
is controlled by a  small (5-ampere) Variac.

Fifty-m illiliter Erlenm eyer flasks fitted w ith 25/15 spherical 
joints are attached by means of clamps to  a  tw o-outlet manifold 
also fitted w ith spherical joints each of the same size. T his m ani­
fold is attached to the rocking device and is connected by means of 
heavy-walled rubber tubing to  a m anom eter and two solvent 
traps of conventional design. T he two solvent traps are con­
nected in series and are cooled in a m ixture of dry ice and Cello- 
solve. The system is evacuated by means of a Hy-vac oil pump. 
The vacuum system also contains a  needle valve which opens to 
the atmosphere and is connected to the system between the manom­
eter and flasks. This valve perm its the control of the pressure 
in the flasks by bleeding air into the system. Figure 2 shows the 
relationships of the various parts  of the apparatus.

R E A G E N T

Any good grade of dibutyl phthalate m ay be used in this de­
term ination. All the grades tested contained small am ounts of 
volatile m atter. I t  is highly advantageous to  reduce the am ount 
of volatile m atter from its  norm al value of 23 to  25 mg. per 10 
ml. to  about 5 mg. per 10 ml. by sparging it  w ith dry air for 48 
hours.

14
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PROCEDURE

Place about 6 steel balls, 0.77 cm. (6/u  inch) in diameter, in a 
50-ml. Erlenmeyer flask, add 10 ml. of dibutyl phthalate, and 
weigh (Jfi). Add 2 to 3 ml. of the resin solution, using a  5-ml. 
pipet with the tip  cut off, and taking care to get all the resin 
solution into the dibutyl phthalate with none of the resin on the 
side of the flask or the joint. This operation is made easier if the 
solution adhering to  the outside of the pipet is removed with a 
paper towel or other suitable material before the sample is de­
livered to the flask. Weigh the flask after adding the resin solu­
tion (JF2). Then, W 2 — TFi represents the weight of the sample. 
All weighings are made to the nearest milligram. A second flask 
is charged in the same way.

Set the flasks firmly in place on the apparatus and clamp 
them in position. Lower them  into the bath, which is main­
tained a t  100 ' ±  2 ° C .b y  means of the Variac. W ith the needle 
valve open, s ta rt the vacuum pump and set the rocking device in 
motion. By closing the needle valve, slowly reduce the pressure 
in the flasks a t  such a  ra te  th a t moderate boiling of the solution 
is maintained. T he full vacuum of the pump should be attained 
in 5 minutes. Continue the determination for the time required 
by the sample being examinod.

Admit air to  the apparatus by opening the needle valve; then 
stop the pump and rocking device. Remove the flasks and allow 
them  to cool. Remove the adhering oil by rinsing the flasks with 
m ethyl acetate or other suitable solvent and w ipingthem  care­
fully with tissue paper. Weigh the cooled flasks (Wi). Then, 
W z -  TFi is the weight of the solids. Run a blank to determine 
the  loss in weight of the dibutyl phthalate.

(W , - W l + B ) X  100 
W t — TFi

%  total solids

Tabic 1. Tolal Solids of Flexalyn Solutions in 50  D  Solvent (Chiefly  
Xylenes)

Tim e of H eatinv  T em nera tu re  T o tal Solids in F lexalyn Solution
under Vacuum  

M in .
of B ath  

° C.
Calcd

%
Found

%
Average found

%
20 100 *  1 79 .9 8 0 .8 ,8 1 .1 8 1 .0

30 100 *  1 79 .9 8 0 .9 ,8 0 .7  
8 6 .8 ° ,8 0 .7 8 0 .8

45* 100 *  1 79 .9 8 0 .1 .7 9 .6
7 9 .7 .7 9 .7  
8 0 .1 ,8 0 .2 79 .9

20 110 ±  2 79 .9 8 0 .9 ,8 1 .0
8 0 .3 ,8 0 .3 80 .6

3 0 e 110 *  2 7 9 .9 7 9 .8 ,7 9 .7
7 9 .7 ,8 0 .0
8 0 .3 ,8 0 .3 8 0 .0

° A rb itrarily  rejected in com puting  average.
Sam ple sizes ranged from 1.3 to 2.9 grams. 

c Sam ple sizes ranged from  1.3 to  3.7 gram s. High values, 80.3 and  80.3, 
were obta ined  on sam ples of 3.65 and  3.67 grams.

Table II. Total Solids of Petrex 5 in Various Solvents

where B  represents the blank value for a  particular lot of di­
bu ty l phthalate.

A P P L IC A T IO N  O F THE M E T H O D

In  order to  establish the proper conditions for the determina­
tion of to ta l solids of a variety  of resin solutions, as well as to as­
certain  the practical accuracy of the method, a  series of solutions 
of known to ta l solids content was prepared and analyzed.

A weighed am ount of Flexalyn (diethylene glycol ester of 
rosin, registered in U. S. P a ten t Office by Hercules Powder Com­
pany) was dissolved in  sufficient 50 D  solvent (principally xy­
lenes) to  give approxim ately an 80% solution. The resin was 
dissolved by heating under a reflux condenser. After being 
cooled, the solution was weighed and its actual solids content 
was calculated. T he to ta l solids in th is solution was determined 
experimentally by  the foregoing procedure. The sample sizes 
usually were between 1.5 and 2.0 grams and the final pressure 
was 5 mm. or less. The effects of time of heating, tem perature of 
the oil bath, and variations in sample size were studied.

T he results of these experiments (Table I) indicate th a t correct 
results are obtained when the solutions are heated for 45 minutes 
a t  100° C. or for 30 m inutes a t  110° C.

Solutions of Petrex 5 (a glycol ester of a  terpene-maleic anhy­
dride adduct, registered in U. S. P a ten t Office by Hercules ” ow- 
der Company), a  hard  resin, in ethyl acetate, ethyl alcohol, 
m ethyl ethyl ketone, and toluene were prepared in the manner 
described for Flexalyn solutions. Since the Petrex 5 itself con­
tained volatile substances, the solid resin was first analyzed by 
the solution-évacuation procedure and found to lose U.S/o o : its 
weight. This value was used as a  correction factor in calculating 
compositions of solutions of Petrex 5 in the various solvents.

Sam ple Tim e of H eating  T em peratu re T o ta l Solids in Solution
W eight under Vacuum  of B ath Calcd. Found
Grams M in . 0 C. % %

In E th y l A cetate
2 .195 30 100 73 .6 7 3 .8
2 .160 30 100 73 .6 7 3 .8
2.236 20 100 73 .6 7 3 .7
2 .309 20 100 73 .6 7 3 .5
2 .312 20 110 73 .6 7 3 .7
2 .194 20 110 73 .6 7 3 .6

In  E th y l AJcohol
1.770 30 100 74 .4 7 4 .9
2 .008 30 100 74 .4 7 4 .8
1.867 30 100 74.4 7 5 .0
2 .480 30 100 7 4 .4 74 .9
2.112 20 100 74 .4 74 .9
2.183 20 100 74 .4 74 .9
2 .278 15 110 74 .4 7 4 .5
2 .485 15 110 74 .4 7 4 .8

In M ethy l E th y l K etone

1.993 30 100 74 .6 7 4 .5
2 .059 30 100 74 .6 74 .6
2 .030 20 100 74 .6 74 .8
2 .359 20 100 74 .6 74.7
2 .156 20 110 74 .6 7 4 .5
2.323 20 110 74 .6 74 .6

In  Toluene

2 .108 30 100 74.1 7 4 .0
2 .500 30 100 74.1 73 .6
1.894 30 100 74.1 73.7
2.746 30 100 74.1 73.4
2.042 20 100 74.1 73.7
2.841 20 100 74 .1 7 3 .8
3.181 15 n o 74 .1 73.7
3! 116 15 110 74.1 73 .8

Figure 2 . Complete Assembly of Apparatus

T he results presented in Table I I  show th a t the solvent can be 
completely removed from these solutions a t  either 100° or 110 ° C. 
by heating for 20 minutes or longer. The values for Petrex 5 in 
ethyl alcohol are slightly high. I t  m ay be th a t in preparing the 
solution by heating the resin, which is appreciably acidic, a 
small am ount of the alcohol may have been esterified.

Solutions of Petrex 7IIT  (a 
glycol ester of a  terpene-m aleic 
anhydride adduct, registered 
in U. S. P a ten t Office by 
Hercules Powder Company), 
a  soft resin, in ethyl acetate, 
e thyl alcohol, m ethyl ethyl 
ketone, and “mixed solvent” 
(chiefly toluene) were prepared 
as d e s c r ib e d  fo r  F le x a ly n .  
The solid resin, when analyzed 
by the s o lu t io n - é v a c u a t io n  
procedure, lost 1.60% of its 
weight. This value was used 
as a  correction factor in calcu­
lating the compositions of the
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Table 111. Total Solids of Petrex 7 H T  in Various Solvents

Sam ple Tim e of H eating  T em pera tu re T o tal Solids in Solutions
W eight under V acuum  of B ath Calcd. Found
Grams M in .  0 C. % %

In  E th y l A cetate
2 .226 30 100 73 .3 73 .5
2 .134 30 100 73 .3 73 .5
2 .233 20 100 7 3 .3 7 3 .8
2 .328 20 100 73 .3 7 3 .8
2 .245 15 110 73 .3 73 .4
2 .272 15 110 . 73 .3 73.3

In  E th y l Alcohol

2 .023 45 100 74 .3 7 4 .8
2 .263 45 100 74 .3 74.7
2 .074 30 100 74 .3 74 .9
1.9S0 30 100 74 .3 7 5 .0
2.221 30 110 7 4 .3 7 5 .0
2 .252 30 110 74 .3 7 4 .8
2 .229 15 110 7 4 .3 75.3
2 .026 15 110 74 .3 75 .3

In  M ethy l E th y l K etone
' 2 .350 30 100 7 4 .4 7 4 .5

2 .159 30 100 7 4 .4 74 .5
2 .532 20 100 7 4 .4 7 4 .0
2 .162 20 100 74 .4 74 .7
1.998 15 110 7 4 .4 74 .3
2 .459 15 110 7 4 .4 74 .3

In  M ixed Solvent (Chiefly Toluene)
1.756 30 100 73 .5 73 .3
1.932 30 100 73 .5 73 .3
2.963 30 100 7 3 .5 73.4
2 .540 30 100 73 .5 73 .3
2 .320 20 100 73 .5 73 .3
2 .396 20 100 73 .5 72 .9
2.651 20 100 73 .5 7 3 .4
2.711 20 100 7 3 .5 73.4
2 .399 15 100 7 3 .5 7 3 .7
2.601 15 100 7 3 .5 7 3 .3

solutions of Petrex 7H T in the various solvents. These solutions 
were analyzed by the solution-évacuation m ethod.

T he data  obtained on these solutions (Table I I I )  arc similar to 
those obtained w ith the other solutions. Again the slightly high 
values obtained when using alcohol as solvent m ay be explained 
■on the basis of esterifieation.

T he da ta  recorded in Tables I I  and I I I  are all consecutive re­
sults; none has been discarded. They indicate th a t analyses by 
this procedure, expressed as per cent to ta l solids, have an average 
accuracy and precision of 0.2%.

S U M M A R Y

T his paper describes a new technique for the determ ination 
of the to ta l solids in  solutions of synthetic resins in nonoqueous 
solvents, which has been used as a routine control m ethod for 
nearly two years. R esults of higher accuracy are obtained more 
rapidly than  by any m ethod previously used. I t  is possible th a t 
th is method can be extended to aqueous solutions by using one 
of the polyethylene glycols in  place of dibutyl phthalate.
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Quantitative Determination of Phenolic Fungicides
S ID N E Y  G O T T L IE B  a n d  P A U L  B. M A R S H  

Bureau of Plant Industry, Soils, and Agricultural Engineering, U . S. Department of Agriculture, Beltsville, M d .

The color reaction of 4-aminoantipyrine with the textile m ildew  
preventive 2 ,2 '-m ethylenebis[4-chlorophenol] in the presence of 
potassium ferricyanide and dilute sodium carbonate has been found 
adaptable to quantitative analysis for this phenolic material and has 
been used for its determination in fabric. A bsorption curves and 
standard calibration curves are given for several other commercially 
important phenols, with the suggestion that this color reaction may 
find application in the quantitative determination of many phenolic 
fungicides, germicides, and other materials.

RE C E N TL Y  certain fungicidal m aterials have come into ex­
tensive use as mildew preventives for fabrics destined to be 

used in tropical areas (4). One of the compounds which has been 
m ost widely used for this purpose is 2,2'-methylcnebis[4-chloro- 
phenol], known to the textile trade as Compound G-4. The 
m ethod m ost commonly used in the past for the determ ination of 
this compound on fabric is a modification of the halogen micro­
procedure of W illard and Thompson (5). T his method, how­
ever, has been found in practice to  be time-consuming and the 
results to  be uncertain in some cases because of the presence of 
inorganic or organically bound chlorine in other forms on the 
fabric. B oth these difficulties are avoided by th e  method here 
described. Prelim inary da ta  on several additional phenolic com­
pounds suggest th a t the new procedure m ay be useful in the 
determ ination of phenolic fungicides, germicides, and other 
m aterials.

The reaction used is based on the observation m ade by Em er­
son th a t 4-am inoantipyrine condenses w ith arom atic qmines 
(1) in the presence of acid oxidizing agents and w ith phenols (2,3) 
in the presence of alkaline oxidizing agents to  yield a  series of an- 
tipyrine dyes. On the basis of th is reaction Emerson proposed a 
color tes t for phenols (2). The structure suggested for the dyes 
produced in th e  reaction is shown in the following example for 
phenol :

C ,H 5

N 
/  \  

C IL —N C = 0

C H 3—O

K 3Fe(C N )« 
Alkali

-N IL
C6I-I5

Emerson concluded th a t substitu tion  took place in the position 
para  to  th e  phenolic OH group and th a t th e  structu ral require­
m ents for the reaction were as follows:
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GAMMAS OF PHENOLIC COMPOUND

Figure 1. Standard Calibration Curves for Dyes Produced by 
Reaction of 4-Am inoantipyrine with o-Phenylphenol, 2 ,2 '-  

M ethylenebis[4-chlorophenol], and Salicylanilide

’Filters used for data in Figures 1 , 2 , and 3 are those suggested in text where reactions 
of various compounds with 4-aminoantipyrine are described

1. A t least one free phenolic group m ust be present.
2. T he position para  to  the phenolic OH m ust either be un- 

substituted, or substitu ted  by halogen, carboxyl, sulfonic acid, 
hydroxyl, or methoxyl, which groups are expelled in the reaction.
■ Substitu tion  in the para  position by alkyl, aryl, nitro, benzoyl, 
jiitroso , or aldehyde groups blocks the reaction.

U nder certain conditions the reaction of 4-ainlnoantipyrine 
w ith phenols is readily amenable to  quantitative treatm ent in 
the determ ination of phenolic fungicides. A method (o f the de­
term ination of 2,2'-methylenebis[4-chIorophenol] on fabric is 
presented below and absorption and standard calibration curved 
are given for o-phenylphenol, salicylanilide, 2,2'-methylenebis- 
[3,4,6-trichlorophenol], 4,4'-isopropylidenediphenol, 4,4'-isopro- 
pylidenebis|2-chlorophenol], 2,4-dichlorophenol, pentachloro- 
phenol, and tetrabromo-o-cresol.

D E T E R M IN A T IO N  O F  2,2 '-M E TH V LE N E B IS [4 -C H LO R O P H E N O L]

T his compound reacts with 4-aminoantipyrine in an alkaline 
•oxidizing medium to form a red dye. Under the conditions de­
sc rib ed  below the dye develops alm ost immediately and is rela­
tively stable for several hours. The standard calibration curve, 
m ade w ith an Aminco Type F  photometer, balanced against dis­
tilled water, and the absorption curve, taken with a Coleman 
Model 10S spectrophotom eter, are shown in Figures 1 and 4, 
respectively. The procedure for determination of this compound 
in fabric is presented below.

S o l u t i o n s . 4-Aminoantipyrine, 2 % .  Two grams o f 4-amino- 
;aritipyrine (m.p. 108-109°) dissolved in 100 g c .  of distilled water. 
'T h is compound is m ade from antipyrine by the method described 
by Emerson (I). I t  has been kept in solution in stoppered dark 
bottles in  the laboratory for several months w ithout noticeable 
■deterioration.

Potassium  ferricyanide, 8% . E ight grams of c.p. potassium 
ferricyanide dissolved in 100 cc. of distilled water.

Sodium carbonate, 0.025%. c . p . anhydrous sodium earbon- 
•ate (4.5 grams) dissolved in 18 liters of distilled water. The 
pH  of this solution should be between 10.4 and 10.6.

S t a n d a r d  C u r v e . Dissolve 200 mg. of 2,2'-methylenebis- 
[4-chlorophenol ] in 100 cc. of acetone in a volumetric nask place 
1 cc. of this solution in a second 100-cc. volumetric flask, and 

•dilute to  the m ark w ith sodium carbonate solution. This solu­
tio n , containing 20  .micrograms of G-4 per cc. is used to obtain

suitable aliquots covering the range of 20 to  100 micrograms. 
Place each aliquot in  a 25-cc. volum etric flask and add 0.5 cc. 
of am inoantipyrine reagent. D ilute to  the m ark  w ith the so­
dium carbonate solution, add 0.25 cc. of 8%  potassium  ferri­
cyanide, and shake vigorously. After 5 minutes, pour the solu­
tion into a  colorimeter tube and measure the color, using a suit­
able filter (green, about 500 millimicrons). The same grade of 
product should be used in mailing up the standard  curve as was 
applied to the cloth sample in question.

F a b r ic  A n a l y s is . For samples of cloth containing up to  2%  
of compound G-4, weigh a 1-gram sample of the very finely cut 
m aterial to the nearest milligram, and place the sample in a 200- 
cc. beaker. Add 50 cc. of 0.25% sodium carbonate solution and 
heat to gentle boiling. Boil gently for 5 minutes. Pour the hot 
solution off the fabric into a  200-cc. volumetric flask (Pyrex). 
R epeat the extraction twice w ith 50 cc. of the sodium carbonate 
solution, each time boiling for 5 m inutes and combining the ex­
trac ts  with the first one in the volumetric flask. D ilute the solu­
tion to near the m ark with the sodium carbonate solution, using 
the diluent to  wash the textile material twice. Cool the flask to 
room tem perature and dilute exactly to  the m ark. F ilter about 
20 cc. through a dry filter and use the proper aliquot of th is solu­
tion (usually 1 to  2 cc.) to  get a  reading on the standard  curve. 
Place the aliquot in a 25-cc. volum etric flask and add 0.5 cc. of 
2%  4-am inoantipyrine solution. D ilute to  the m ark with 0.025% 
sodium carbonate solution, add 0.25 cc. of 8%  potassium ferri­
cyanide solution, shake vigorously, and after 5 m inutes pour in to  
a colorimeter tube and measure the color. A fter mixing the re-

Table I. Comparative Determination of 2 ,2 '-M e th y len e b is [4 - 
chlorophenol] (Compound G -4 )  on Fabric

(By th e  W illard and Thom pson halogen m icroprocedure and  the  4-am ino­
an tipyrine  m ethod. T he rpplicatcs in  th e  am inoan tipy rine  m ethod are 

different indiv idual sam ples cu t from  a single piece of c lo th .)

Sam ple
No.

P e r C en t on F ab ric  
A m inoantipyrine W illard-T hom pson

m ethod
0 .8 9
0.91
0.88
0 .87
1.76
1.73
1.76
1.74 
1 . 1 0
1.05 
1.07
1.06 
1.68 
1.67

m ethod
0 .99

1.75

1 .0 7

1.69

GAMMAS OF PHENOLIC COMPOUND

Figure 2. Standard Calibration Carves for Dyes Produced by Re­
action of 4-A m inoantipyrine with 2 ,2 '-M e th y len e b is f3 ,4 ,6 -tr i- 
chlorophenol), 4 ,4 '-lsopropylidenediphenol, 4,4 '-lsopropylidene- 

bis[2-chlorophenol], and 2,4-dichlorophenol
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GAMMAS OF PHENOLIC COMPOUND

Figure 3. Standard Calibration Curves for Dyes Produced by 
Reaction of 4-A m inoantipyrlne with Pentachlorophenol and 

Tetrabromo-o-cresol

agents, the tubes should no t be exposed to  direct sunlight or 
strong artificial light, as th is sometimes causes fading of the colors.

Figure 4 . Absorption Curves for Dyes Produced by Reaction of 
4-Am inoantipyrine with 2 ,2 '-M ethy ieneb is[4-ch lo ro pheno l], 2 ,4 -  
Dichlorophenol, Salicylanilide, and 4 ,4 '-lsopropylidenebis[2- 

chlorophenol]

100 micrograms of phenolic compound used to develop color

A comparison of results obtained on analyzing four samples of 
fabric by the W illard and Thompson method (chlorine determ ina­
tion) and th e  4-am inoantipyrine method is given in Table I. 
I t  was found th a t the colorimetric determ inations could be made 
on 16 samples of fabric in less th an  2 hours, including weighing of 
samples, extraction, development, and measurem ent of color.

D A T A  O N  O TH E R  P H E N O L S

A bsorption curves and standard  calibration curves were made 
for a  group of other phenols according to  the m ethods described 
above for Compound G-4. The several standard  calibration 
curves are shown in Figures 1, 2, and 3, and the absorption curves 
in Figures 4 and 5.

Salicylanilide, a  fabric preservative known commercially as 
Shirlan, produces a red dye which fades very gradually; calibra­
tion and absorption curves are shown in Figures 1 and 4. 
o-Phenylphenol, an industrial preservative for casein paints, 
cosmetics, leather finishes, and sizing m aterials which is known 
commercially as Dowicide 1, produces a stable red dye w ith a cali­
bration curve as shown in Figure 1. 2,2'-M ethylenebis[3,4,6- 
trichlorophenol], a  germicide for use in soaps, forms a stable red 
color with calibration and absorption curves as shown in Figures 
2 and 5. The large am ount of inorganic chloride present is said 
to  make the determ ination of this germicide in soap very difficult 
by the W illard and Thompson procedure. 4,4'-Isopropylidene- 
diphenol, a  m aterial currently in  the early stages of commercial 
development, forms a  stable antipyrinc dye, whose standard 
calibration and  absorption curves are shown in Figures 2 and 5, 
respectively. 4,4'-Isopropylidenebis[2-chlorophenol], a  chlo­
rinated analog of the m aterial previously mentioned, is claimed 
to  be a  po ten t fungicide and has been suggested as a  fabric pre­
servative. S tandard  calibration and absorption curves are shown 
in Figures 2 and 4.

2,4-Dichlorophenol, an  interm ediate in the m anufacture of the 
weed-killer, 2,4-dichlorophenoxyacetic acid, forms a  stable red 
color w ith,standard calibration and absorption curves as shown in 
Figures 2 and 4.

Tetrabromo-o-cresol, used on a lim ited scale as a fabric pre­
servative, reacts w ith 4-am inoantipyrine to  produce a green color 
w ith an  absorption maximum a t  540 m y, which slowly changes 
to  a red color. After 1 hour th e  red color is fully developed and 
is stable for a t  least 12 hours thereafter. T he standard  calibra­
tion curve and absorption curve for the red color are given in 
Figures 3 and  5, respectively. M easurements were taken for both 
curves exactly 60 m inutes after combination of the reagents.

Pentachlorophenol, a  wood and fabric preservative known 
under the trade  name of Dowicide 7, reacts w ith 4-am inoantipy­
rine to  give a green color which gradually fades to  colorless over a 
period of 2 hours. A satisfactory calibration curve could be ob-

WAVE .LENGTH IN MILLIMICRONS
»

Figure 5. Absorption Curves for Dyes Produced by Reaction of 
4-A m lnoantipyrine with 4 ,4 '-lsopropylidenediphenol, 2 ,2 '-M e th -  

ylenebis[3,4,6 -trich lorophenol], and Tetrabromo-o-cresol

For first two compounds 100 micrograms of each compound were used to develop 
color, as described in section on standard curves. For tetrabromo-o-cresol 400  

micrograms of phenolic compound were used.

tained by measuring the color a t  30 m inutes after developm ent 
of color, using a  640 filter (Figure 3). In  this reaction i t  was 
found th a t 0.5 cc. of the potassium ferricyanide solution and
0.75 cc. of the am inoantipyrine solution gave the best develop­
m ent of color.

DISCUSSION

I t  can be seen from the d a ta  presented th a t 4-am inoantipyriue 
promises to  be a  very useful reagent for the quantita tive estim a­
tion of phenols. T he only elem ent appearing to  require special 
care in the analysis is the pH  of the reaction medium. D evia­
tions of 0.5 of a  pH  un it in either direction from the limits given 
caused changes in both  the intensity and stab ility  of the color 
produced. A ttem pts to  utilize buffer m ixtures were no t success­
ful, since the ions used in th e  buffer m ixtures interfered w ith the 
developm ent of the color. T hus boric acid-sodium  hydroxide,
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glycine-sodium hydroxide, and sodium tetraborate-sodium  car­
bonate could not bo used.

I t  will be noticed th a t the reactions of 4,4'-isopropylidenedi- 
phenol and 4,4'-isopropylidenebisl2-chlorophenol] represent an 
anomaly to  the structural requirements for the reaction as re­
ported by Emerson (2). B oth of these compounds have an 
aryl alkyl substituen t para  to  the phenolic OH group which sup­
posedly would block the reaction since they could not be expelled 
by the ferricyanido oxidizing agent. The readiness with which 
these compounds react w ith 4-aminoantipyrine suggests th a t 
something other than  a  para  substitution takes place and brings 
out the possibility th a t in cases where the para position is blocked 
ortho-quinoid structures m ay be formed. More work is needed to 
elucidate the exact na tu re  of the reaction between phenols and 4- 
am inoantipyrine.

A C K N O W L E D G M E N T

The authors wish to express their gratitude to  R. E. Horsey, 
W. Gump, and E. Nikawitz of G ivaudan-Delawanna, Inc., for 
cooperation in several phases of this investigation and to  R. K. 
Zuck for assistance in the experimental work. T hanks are also 
due to  the Dow Chemical Company for furnishing samples of 
phenolic m aterials.

LITERATURE CITED

(1) E isenstaedt (Em erson), E . I ., J .  Org. Chem., 3, 153 (1938).
(2) Em erson, E . I ., Ib id ., 8, 417 (1943).
(3) Emerson, E . I., U . S. P atent 2,194,201 (1940).
(4) M arsh, P . B„ el al., U . S. D ept. Agr., Tech. B u ll. 8 9 2 ,1 -2 2  (1945).
(5) W illard, II. H ., and Thom pson, J. J., J .  A m . Chem. Soc., 52, 1893

(1930).

Improved Method of Flame Photometry
J O H N  W . BERRY, D A V ID  G . C H A P P E L L , a n d  R. B O W L IN G  B A R N E S  

Stamford Research Laboratories, American Cyanamid Company, Stamford, Conn.

A n  improved flame photometer, employing a dual optical system, 
has been devised. W ith  this instrument the internal standard prin­
cip le  often em ployed in spectral analysis may be used. Since by 
this method light intensity ratios are measured rather than absolute 
light intensities, the disturbing effects caused by gas and air pres­
sure fluctuations, by the presence of foreign ions and molecules, 
and by viscosity differences are considerably reduced. The con­
struction and performance of this photometer are discussed in detail.

IN  A recent paper ( i)  a  rapid analytical technique for the de­
term ination of sodium and potassium in aqueous solution 

was presented. An instrum ent known as the flame photometer 
was described, and the analytical procedure explained. Briefly, 
th e  m ethod consists of atomizing an aqueous solution of the metal 
into the base of a  gas burner, whereupon the vapor is carried 
into the flame and ignited. The light arising from the flame 
characteristic of the elem ent being determined is filtered free of 
o ther radiation and is brought to  fall upon a photocell. By 
m easuring th e  in tensity  of the light produced w ith solutions of 
known concentration and preparing a  calibration curve of in­
tensity  versus concentration, the m etal content of other solutions 
m ay subsequently be determined by making use of the curve.

T he prime requisite of successful flame photom etry by this 
m ethod is the establishm ent of constant atomization and burning 
conditions in the instrum ent. Considerable investigative work 
led to  a design of instrum ent which would fulfill this condition 
w ith reasonable satisfaction. In  the flame photometer previously 
described, these problems had been solved to obtain an average 
accuracy of ± 3 %  of the to tal element present in the sample in a 
single determ ination. The errors made were found to be almost 
entirely random —i.e., equal number positive and negative—and 
it could be assumed th a t they came entirely from momentary 
variations of light intensity  in the flame.

In  the early course of th is work, however, it was noted th a t an 
error far more serious in nature than  this instrum ental error 
could arise when excessive amounts of certain ions were intro­
duced into solutions containing sodium or potassium for ex­
ample, the presence of 1% sulfuric acid in a solution containing 
100 p.p.m . of sodium reduced the light em itted by the flame by 
some 15%. I t  was further noted th a t acids, salts, or indeed 
alm ost any foreign molecule, similarly reduce the apparent so­
dium content of solutions as analyzed by the flame photometer.

T he m ost obvious m anner in  which to correct this type of error is 
to compound the standard  solutions used in calibrating the in­
strum ent in such a  m anner th a t these standards contain quanti­

ties of the interfering molecules in proportions similar to those 
quantities contained in the solutions to  be analyzed. This pro­
cedure has been adopted, and in applications where one can ac­
curately predict the composition of the solutions subm itted for 
analysis, i t  has been satisfactory.

I t  is apparent, however, th a t such a  procedure is no t altogether 
convenient, since it  requires the compounding of a  series of stand­
ard solutions for each type of unknown which the laboratory 
m ust analyze. In  other cases, where the chemical composition 
of unknowns may vary considerably from one sample to  the 
next, the procedure is no t feasible. For these reasons, a  method 
was sought which would eliminate as nearly as possible the 
effect of foreign molecules upon the quantitative determ ination 
of the alkali metals.

In  the usual spectrographic method of analysis it  has been 
common practice to  employ w hat is term ed an “internal stand­
ard” (S) elem ent to  reduce the effect of variation of the light 
source, and other disturbing influences, upon the accuracy of the 
results obtained. The method consists of purposely adding to 
each sample to be analyzed a fixed quantity  of some element 
(the internal standard) no t normally occurring in the sample, 
before bringing the sample to  excitation. Upon excitation, light 
is em itted by both the element being determined and the inter­
nal standard, and the ratio  of the intensities of these two charac­
teristic lights em itted is subsequently determined by photography 
and densitometry. The principle of the method is simply th a t 
any change in the source or any other factor influencing the light 
intensity em itted by one element similarly affects the internal 
standard element, so th a t the ratio  of intensities obtained is 
constant regardless of the experimental conditions. N aturally  
it  is advantageous to  choose as an internal standard  an element 
which bears excitation characteristics as similar as possible to the 
element being determined.

In  attem pting to  apply the internal standard  method to flame 
photom etry, the choice of a  suitable element as a  standard  was 
rather limited, because of the few elements excited a t the flame 
tem peratures used in the instrum ent. Since the flame photom ­
eter was primarily designed as an instrum ent for the determination 
of sodium and potassium, it  was desirable, if possible, to choose 
one of the alkali metals as a  standard  rather than  an alkaline 
earth  metal. The spectra of rubidium , cesium, lithium , and in­
dium were investigated as possibilities. F o r various reasons 
such as the intensity of light em itted by the element, the problem 
of filtering the characteristic radiation em itted, and the wave­
length sensitivity of the photodetecting device to  be employed,



Figure 1 . Internal Standard Flame Photometer
<?, chimney, i t / 1, M 1, mirrors. L 1, L \ N l, N 1, Fresnei lenses. F l, sodium or potassium filters, T*-1, lithium fil­
ters. P l, P 1, barrier layer photocells. C, atomizing chamber. G 1, G 1, gas and air pressure gages. K l, K 3, gas 
and air regulator knobs. D, main potentiometer dial. E , compensating rheostat. T, toggle switches. S 1, S'1, 

sensitivity adjustment, coarse and fine

all except lithium  were rejected. The only serious objection to  
th e  use of lithium is the fact th a t the elem ent is relatively abun­
d a n t  and m ay therefore occur as an im purity  in certain types of 
sam ples, especially those of m ineral origin. The light em itted 
b y  lithium is sufficiently intense, and th e  only line- em itted 
(6708 A.) is favorably placed about equidistant in the spectrum  
betw een the lines of sodium and of potassium . The problem of 
■filtering the three radiations sufficiently free from one another 
was accomplished w ith Corning glass filters and a special liquid 
filte r developed in these laboratories (4) which consists of 
■cupric chloride dissolved in concentrated hydrochloric acid.

IN T E R N A L  S T A N D A R D  F L A M E  P H O T O M E T E R

To tes t the internal standard  method as applied to  flame pho­
tom etry , i t  was necessary to  construct a  special instrum ent hous­
in g  two light paths and two photocells. The instrum ent built 
(Figure 1) was similar in general design to  the flame photom eter 

-previously described (/) .

L igh t leaves the flame through two rectangular apertures on 
•opposite sides of the chimney, Q, each beam being reflected into an 
•optical system similar to  th a t previously used. The lens, L 1 or L l, 
nearest the chimney casts an enlarged image of the aperture on 
■•the second lens, N l or N*, filling th is lens as nearly as possible 
w ith the rectangular image produced. The second lens casts a 
■slightly reduced image of the first lens upon a  round photocell, 
P l or P \  ju s t filling the active area. This system  provides high 
.light-gathering power y e t allows the photocells to be well removed 
from the heat of the source. The barrier layer photocell has been 
■retained as the light-detecting device. Before one photocell is 
placed the set of lithium  filters, while sodium or potassium filters 
■may be interchanged before the o ther photocell. [If desired, 
sep a ra te  light paths and photocells m ay be provided for the so­
dium  and potassium  (making a to ta l of three optical systems) 
:and the desired sodium or potassium cell switched into the circuit 
•electrically. ]

Gas and  a ir supplied to  the burner and  atom izer, respectively, 
are regulated and m easured by appropriate regulators and gages, 
■G1 and G2. The stainless steel hypodermic needle atom izing unit, 
.and the conical-shaped atomizing chamber, C, used in  the pre­
vious instrum ent were left unchanged.

T he circuit used for measuring the ratio  of the light intensities 
between the in ternal standard  and the element being determined 
i s  shown in Figure 2. (Actually the circuit employed is no t a 
true  ratio-m easuring device b u t ra ther a compensated circuit. 
.At balance, however, the potentiom eter reading obtained is very

I  '
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nearly proportional to  the ratio  of 
th e  light intensities on the two 
photocells.) Several of the "buck­
ing circuit” arrangem ents sug­
gested in the literatu re  (3) were 
tried b u t none proved satisfactory 
a t  the low light levels encountered 
in the photom eter. The circuit 
used m aintains a  resistance of 
some 10,000 ohms across each 
photocell, which seems about 
proper for the dam ping character­
istics of the galvanom eter. The 
10,000-olun potentiom eter, D, 
was coupled to  a 20-cm. (8-inch) 
circular dial on the front panel, 
m aking possible the reading of 
the potentiom eter to  w ithin 
* 0 .2 %  of full scale. A small 500- 
ohm rheostat, E, was added to one 
end of the slide wire for slight 
compensating adjustm ents found 
necessary from tim e to  time during 
operation. The box-type galva­
nometer used in the previous in­
strum ent (G.E. 32C-245-G9) made 
a  satisfactory null indicator for 
the instrum ent. As formerly, the 
galvanom eter was connected to 
the photom eter by jacks.

Also shown in Figure 2 is the 
circuit used in the previous method 
of flame photom etry. Although 
no t shown, the instrum ent was 

so arranged th a t either circuit shown in Figure 2 could be utilized 
by merely throwing toggle switches, T. The instrum ent could 
thus be used as previously described—to measure the direct or 
absolute intensity  of the sodium or potassium  wave lengths, 
now term ed the “ absolute m ethod” of flame photom etry, or the 
ratio  of light intensities of sodium versus lithium  or potassium 
versus lithium , term ed the “ internal standard  m ethod” of flame 
photom etry. T his arrangem ent was very convenient in making 
comparisons of the two methods.

No

No OR K CE LL

Figure 2. Circuits of Internal Standard Flame 
Photometer

Ratio circuit above, absolute circuit below

A N A L Y T IC A L  PROCEDURE

The procedure employed in making use of the internal standard  
method is similar in principle to  th a t employed in  the absolute 
method, in th a t the instrum ent is first calibrated w ith solutions of 
known concentration. All the standards, however, are prepared 
to contain a fixed am ount of a soluble lithium  salt. L ithium  
sulfate has generally been employed for this purpose, as th e  salt 
is ra ther easily prepared in a  form relatively free of sodium and 
potassium.

R eagent quality  lithium  sulfate is precipitated as the fluoride 
by adding amm onium fluoride in slight excess. T he lithium  
fluoride is then wrashed w ith cold distilled water, dried, and con­
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verted back to  the sulfate in platinum  ware by the addition of 
concentrated sulfuric acid and beating. Since the sodium and 
potassium fluorides are several times more soluble than  the 
lithium salt, the procedure appears satisfactory.

In  practice, all sodium standards were made to contain 1000 
p.p.m. of lithium, and am ounts of sodium ranging from 0 to  90 
p.p.m. (I t was found by experiment th a t this quantity  of 
lithium gives an electrical response equal to the response of 95 
p.p.m. of sodium w ith the particular filters and photocells em­
ployed in the instrum ent.) The standards thus prepared are 
successively introduced into the instrum ent and in each case the 
potentiom eter is so adjusted  as to  cause no current to flow 
through the galvanom eter. A potentiom eter dial reading is 
taken for each standard  and a calibration curve is prepared. 
The curve obtained is smooth, and fairly linear (Figure 3).

Figure 3. Typical Calibration Curve for 
Sodium as O bta ined  by the Internal 

Standard Flame Photometer
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Figure 4 . Effect of Variation of Gas Pressure

To determ ine the sodium content of a sample, an aqueous solu­
tion is appropriately pipetted into a volumetric flask, so th a t upon 
dilution the  sodium content will fall below 90 p.p.m. A suffi­
cient quan tity  of a  stock lithium sulfate solution is then added 
to bring the lithium concentration to 1000 p.p.m. upon dilution. 
T he sample thus prepared when introduced into the instrum ent 
yields a  potentiom eter reading which is readily converted into 
parts  per million of sodium by use of the calibration curve.

In  actual operation the calibration curve remains well fixed 
after establishm ent. The standard solution containing 0 p.p.m. 
of sodium and 1000 p.p.m . of lithium will read near the lower 
end of the m ain potentiom eter scale and the 90 p.p.m. of sodium 
standard  will read near the upper end of the scale. 1» hen em­
ploying the flame photom eter for analysis it  will be found wise 
to  check the upper and lower ends of the scale occasionally with 
the standard  solutions. Unless the flame in some manner be­
comes contam inated w ith sodium (dust in the atmosphere, etc.), 
the lower end of the calibration curve will remain well anchored.

the upper end of the scale, compensation may 
tm ent of the secondary slide wire, E, to  restore

If drift occurs a t 
be made by adjustm ent 
the original reading of the standard. _

A similar procedure is used in the determination of potassium, 
with the exception th a t the solutions are prepared to contain 200 
p.p.m. of lithium . This am ount of lithium balances about 9o 
p.p.m. of potassium . The lithium concentrations chosen were 
such as to  balance convenient working concentrations of sodium 
and potassium , b u t more or less lithium may be added to prepare

a series of standards covering greater or lesser ranges of concen­
tration  of sodium and of potassium.

The am ount of sample required for a  single sodium or potassium 
determ ination is about the same as th a t required by the previous 
instrum ent (I). Samples of as little as 3 ml. of solution have 
been analyzed, bu t a larger quan tity  of sample (say 10 ml.) is 
preferred. Although the authors prefer working in a concen­
tration range of 1 to 100 p.p.m. of sodium or potassium, concen­
trations as low as 0.1 p.p.m. of sodium or 0.5 p.p.m. of potas­
sium have been determined. In  working a t  concentrations be­
low 5 p.p.m. of sodium or potassium a special set of standard  
solutions containing less lithium  should be used for calibration 
of the instrum ent.

AC C U R A C Y

In order to determine the accuracy of the internal standard  
method of flame photom etry, a  series of 100 solutions containing 
known concent rations of sodium was prepared and analyzed by the 
m ethod. A similar series was studied in the case of potassium. 
These solutions were prepared from c.p. sodium and potassium 
chlorides and lithium sulfate prepared as previously described. 
The average error of a  single determ ination of sodium was 
±1.24% , while for potassium a figure of ±1.01%  was obtained. 
The sign of the error was found to  be random . These figures 
show conclusively the superiority of the internal standard  method 
over the absolute, for in a similar experiment using the absolute 
method, the average error of a single determ ination was shown to 
be ± 3 %  of the am ount of element present.

Further experiments have been conducted which show the su­
periority of the internal standard method w ith respect to  com­
mon interferences which m ay beset the absolute method. These 
detrim ental effects m ay be divided into a t least four classes: 
effect of variation of gas pressure, effect of variation of air pres­
sure, effect of foreign molecules and ions, and effect of viscosity 
of the sample.

In  order to  determine the m agnitude of these various effects, 
standard solutions were prepared and analyzed by both the in­
ternal standard and the absolute method. These solutions all 
contained 50 p.p.m. of sodium (as the chloride) plus varying 
amounts of the interfering substances (except in the  case of the 
effect of sodium chloride, in which case 50 p.p.m. of potassium 
was the concentration chosen). The standards used in the 
evaluation of the internal standard method contained, in addi­
tion, 1000 p.p.m. of lithium.

Figure 5 . Effect of Variation of A ir  Pressure

In  a  separate series of experiments, i t  was subsequently shown 
th a t the percentage error produced by a given quan tity  of in ter­
fering ion or molecule is independent of the am ount of sodium or 
potassium present in the sample over a  concentration range of 10 
to  100 p.p.m.

INTERFERENCES

G as P r e s s u r e . The effect of lowering the gas pressure from 
th a t normally used in the operation of the flame photom eter [0.21



22 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 18, No. 1

PERCENT ACID

’ I I I !
INT. STD.

I
ETHOO

N
X

\
SULPLJF¡1C ACIC s

V A0
|\

sou
MEU

JT
-K»

E
D

\
X

v

PERCENT ACID

2 4  681 2 4 681 Z 4  6 8 1  Z 4  6 8 1
XKTJ XKT* XKT' XIO'°

CONC. MOLARITY

O
r

^T. STD.
-it Ü

IU

_ _ AE SOÍ n

30

M11X)

h > 'DF OC: h _OF¡1C ACIC !

5C

TO
XIO”

PERCENT ACID
OJ___________ to

X'° ’ CONC° M O L A ^ Y  

Figure 6. Effects Produced b y  Typical A cids

I Z 4  681 2 4  681  Z 4  681 2 4 681
X IO - 3  X IO -2  x io - i  X IO °

CONC. MOLARITY

kg. per sq. cm. (3 pounds per sq. inch) of propane] is shown 
graphically in Figure 4. I t  is immediately noted th a t the gas 
pressure m ay be lowered by 33%  [from 0.21 kg. per sq. cm. 
(3 pounds) down to 0.14 kg. per sq. cm. (2 pounds)] using the 
internal standard  method w ith no appreciable change in  the quan­
tity  of m etal determ ined in a  sample, while a similar change of 
gas pressure lowers the result obtained in using the absolute 
method by some 12.5%. T he obvious superiority of the 'in ternal 
standard  m ethod should now make feasible the operation of flame 
photom eters directly from city gas m ains where variations in 
gas pressure previously made such operation very questionable.

A i r  P r e s s u r e . T h a t variations of flame photom eter readings 
are much more dependent upon air pressure fluctuations than  upon 
gas pressure changes is im mediately apparent from a study of 
Figure 5. The internal standard  m ethod does no t completely 
eliminate the effect of variations in air pressure a t  any range. 
The m agnitude of the effect, however, is reduced by a  factor of 
about 2.5. Thus, a  reduction of air pressure from th e  standard  
operating pressure of 1.05 to  0.84 kg. per sq. cm. (15 to  12 pounds

per sq. inch) lowers the absolute reading obtained by some 10% 
while reducing the in ternal standard  result by only about 3.5%. 
Again the internal standard  m ethod of photom etry is distinctly 
superior to the absolute, bu t adequate pressure regulation will 
remain necessary for the best results.

F o r e i g n  M o l e c u l e s . Shown in Figures 6 , 7 , and 8  are plots 
of the errors resulting in flame photom etry  which occur when 
certain inorganic acids and salts, as well as organic molecules, 
are introduced into the solutions being analyzed for sodium and 
potassium . In  every case shown, where the absolute m ethod of 
analysis is employed, the introduction of acids or salts into the 
solution reduces the light em itted by  the sodium or potassium . 
If a  sufficient quan tity  of the interfering substance is added, the 
internal standard  method also will usually produce a  low result, 
bu t no t un til considerably higher concentrations of the interfer­
ing molecules have been added do these effects begin to  appear. 
In  the  case of sulfuric acid, for example, the introduction of 0.2 
mole of acid per liter (2%  acid approximately) results in an ab­
solute reading for sodium which is some 21%  lower th an  the true

Figure 7 . Effects Produced by 
Inorganic Salts
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Figure 8 . Effect Produced by Organic Molecules

value, while by th e  internal standard method the result obtained 
is b u t 1.5% lower th an  normal. Hydrochloric and nitric acids 
behave similarly, severely depressing the absolute readings ob­
tained while no t affecting the internal standard method until 
relatively high concentrations of these acids are present in the 
sample. O ther acids such as phosphoric, hydriodic, and hydro- 
bromic have been found to  behave similarly. I t  may be noted 
from the graphs th a t from 50 to  200 times the amount of acid 
may be tolerated by the internal standard method as by the ab­
solute—i.e., before an equal suppression of the result is noted.

Salts of m ost types depress the readings obtained by the ab­
solute method of flame photom etry much as do the acids. The 
effects of five different salts are shown in the graphs namely, 
ammonium chloride, sodium chloride, potassium chloride, mag­
nesium sulfate, and cupric chloride. These salts begin to depress 
th e  absolute readings when present a t approximately the same 
range of concentration as do the acids. I t  is obvious, therefore, 
th a t  the neutralization of an acid in a  sample with, for example, 
ammonium hydroxide, will not lessen the ill effect of the acid.

Potassium chloride affects the determination of sodium much 
as does ammonium chloride. Similarly, sodium chloride will de­
press the readings obtained in a  potassium determination if 
present in sufficient quantity . This effect should especially be 
remembered if any a ttem p t is made to  determine a trace of one 
of these elem ents when combined w ith large quantities of the 
other.

Of in terest also are the effects produced by two of the salts, the 
magnesium sulfate and the copper chloride, which tend to raise 
the result obtained by the internal standard method rather t  an 
to  produce a  low answer as they do by the absolute method. vs o 
explanations for this behavior are possible: either tha t the sa ts 
depress the light em itted by lithium to a greater extent th a n th a t 
by sodium, or th a t  a  certain small am ount of light is em itt y 
copper and magnesium which will pass the sodium filter. e

f ormer reason m ay apply to the magnesium in the case of sodium 
determ inations, bu t the la tte r  reason m ay apply to  the copper 
salt, as it  is known th a t copper salts do em it a green band, some 
of which m ay pass through the sodium filters.

Figure 8 shows the effects produced by two common organic 
molecules. U rea behaves very similarly to  the acids and salts— 
the effect quantitatively being of the same order of magnitude. 
M ethanol, however, behaves in a m anner entirely different from 
any substance previously mentioned in th a t it  increases the light 
em itted by the flame. E thanol has been observed to  exhibit a 
similar behavior.

V is c o s it y . A s  might be expected, samples which contain 
sodium or potassium and some additional agent which consid­
erably increases the viscosity of the sample tend to  read lower 
than  solutions of sodium or potassium of normal viscosity—when 
the determ ination, is made by the absolute method. The ex­
planation is obvious in th a t the absolute method depends upon 
a constant ra te  of atom ization in the standards and in tho un­
knowns. Higher viscosities decrease the ra te  of atom ization of 
the sample, so th a t fewer atom s are introduced into the flame in 
a given time, and consequently less light is em itted by the flame.

Figure 9 shows the comparative effects of viscosity upon the 
internal standard and absolute methods. Sucrose was added to 
the samples to  increase the viscosity. In  an extreme case where 
40% sucrose was added to  the sample (viscosity 5.1 centipoises) 
the absolute method produced a result 42%  below the true value, 
while the result obtained by the internal standard method was 
bu t 11% low.

A study of tho flow rates of the solutions through the atomizer 
shows th a t the light em itted is decreased by a lesser am ount than 
would be expected from the decrease in the rate  of atomization. 
Undoubtedly the presence of the sucrose gives rise to  some type of 
interference, apparently behaving as does m ethanol—th a t is, to 
produce more light.

S o h f a c e  T e n s i o n . I t  was thought probable th a t variations 
in the surface tension of solutions might give rise to  some change 
of the atomization characteristics of solutions being atomized 
into the flame photom eter and hence lead to  an increase or de­
crease in the light em itted by the flame. The effect of surface 
tension was studied by adding the ammonium salt of Aerosol 
OT (a product of the American Cyanamid Company; the am-

PERCENT SUCROSE

Figure 9 . Effect of Viscosity

monium salt was specially prepared in these laboratories) to 
solutions of sodium and potassium chlorides. Using the absolute 
method, no effect was observed upon the light em itted by the 
flame although the surface tension varied from th a t of w ater (ca. 
72 dynes per centimeter) down to 28 dynes per centimeter. An 
explanation might lie in the known fact th a t a  tim e factor is in­
volved in lowering of the surface tension of freshly formed surfaces 
when surface-active agents are used to  lower the tension. If  this 
factor does explain the failure of surface-active agents to  a lter the 
atomization characteristics of a solution, there then remains a
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question as to  w hether the surface tension of a solution introduces 
an effect upon the light em itted by a  flame. For example, the 
increased am ount of light em itted by a solution containing al­
cohol m ay be partly  due to  the altered surface tension of the solu­
tion. A t the present time, no a ttem p t has been made to  study 
this effect further.

PROPOSED A L T E R N A T IV E  PROCEDURE

Certain analysts in considering the internal standard  type of 
flame photom eter m ay propose th a t the previously described 
type of flame photom eter, employing a single photocell, be used 
in a quasi-internal standard method by adding lithium to  each 
sample and measuring individually the intensity  of the lithium 
and sodium lines. This, of course, could be readily accomplished 
if a  suitable method of ‘mechanically interchanging the filters 
before the photocell were devised.

Such a  procedure might serve well in eliminating the effects of 
foreign ions and molecules upon the flame, bu t would not elimi­
nate the effects of variations in gas, air pressure, or other momen­
ta ry  changes which constantly alter the intensity  of the flame. 
T he error introduced by variation of the flame could, of course, 
be substantially reduced by alternately measuring the sodium and

lithium intensities several times on each sample and obtaining an 
average ratio  value.

Although such a  procedure m ay be fairly satisfactory, the time 
involved for each analysis would be considerably increased, and 
in general the method would lack elegance.

C O N C L U S IO N S

The advantages of making use of an internal standard  in flame 
photom etry are considerable. In  m ost analytical work the addi­
tional tim e and energy required in using the m ethod are small be­
cause of th e  usual necessity of diluting the sample before analy­
sis and the addition of the internal standard  during th is step is 
simple. However, judgm ent m ust be applied in making use of 
th e  flame photom eter in analyzing new types of m aterials, and 
therefore a certain am ount of careful investigative work should 
be done before attem pting  any previously untried  determ ination.
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Determination of Nitrogen in Refractory Metal Carbides 
and Their Compositions

J O H N  C. R E D M O N D , L E O N A  GERST, a n d  W . O .  T O U H E Y  

Kennametal, Inc., Latrobe, Pa.

A  procedure is described for determining nitrogen in refractory metal 
carbides by the solution and distillation method. N o  special ap­
paratus is required and very precise results are obtained. The 
nitrogen contents of several representative carbides and composi­
tions are given.

TH E great increase in the past few years in the use of cemented 
compositions of the refractory m etal carbides for cutting 

tools, dies, wear parts, and other applications has accelerated 
metallurgical investigation of these m aterials. Since several of 
the elements used in these compositions readily form nitrides 
when they are present in the environm ent in which the carburi- 
zation takes place and since there is also a possibility of nitride 
formation during sintering operations in some commercially used 
atmospheres, investigation of nitrogen content of these m aterials 
seemed of interest. I t  was first necessary to develop a procedure 
for this work and the results of th is  developm ent and the m ethod 
as finally used are reported herewith.

Although a great deal has been published in the literatu re  on 
the determ ination of nitrogen in  steel, the authors found only one 
reference to  its determ ination in carbides (S). T his paper inci­
dentally contains a  very complete and worth-while bibliography 
on the determ ination of nitrogen in iron and steel. Phragm en 
and Treje (5) investigated both  the vacuum  fusion and solution 
and distillation methods. In  the case of the solution and distilla­
tion method they used a  refluxing technique for solution w ith 
special apparatus and sulfuric acid plus potassium bisulfate as the 
solution agents. For titan ium  carbide their results show a  much 
lower recovery w ith the solution and distillation method th an  for 
the vacuum  fusion procedure using sodium peroxide. Hence, 
when applied to  titanium  carbide, which is a  constituent of m any 
commercial carbide compositions and is a  very likely source of 
nitrogen, the solution and distillation procedure of Phragm en 
and T reje appears unsatisfactory.

I t  was the authors’ desire to  develop a  solution and distillation 
method w ithout the use of special apparatus, bu t it is obvious 
th a t the problem would be one of developing a  method of obtain­
ing complete solution. These carbides and their compositions 
are very refractory and are ordinarily insoluble w ithout resort 
to  oxidizing reagents or fusion. As shown in T able I, several 
unsatisfactory procedures and modifications were investigated.

Table I. Procedures Investigated
Solution M ethod Resulta

F um ing  sulfuric acid plus sodium  P a rtia l so lution and  low results 
su lfa te  (2)

F um ing  sulfuric acid plus sodium  th io- 
sulfate

Fusion w ith potassium  bisulfa te  and 
so lution of melt in hydrochloric acid 

F um ing  w ith sulfuric acid plus p o tas­
sium  bisu lfate plus hydrofluoric acid 

H eating  in a  s tream  of hydrogen w ith 
copper oxide and  lead oxide c a ta ­
lysts  an d  absorp tion  of am m onia in 
sulfuric acid

U sually  incom plete solution.
E rra tic  results 

R esults low when fusion was 
com plete 

Very destructive  to  glassw are

R esu lts  very  low

T he use of perchloric acid as recommended in some procedures 
for determ ining nitrogen in alloy steels was no t tried, inasmuch 
as there has always been a  question of the loss of nitrogen by 
oxidation in even short periods of fuming. Since extended pe­
riods were necessary for these m aterials, the  loss of nitrogen 
seemed certain.

I t  was then found th a t by a careful technique, extended fuming 
w ith a m ixture of sulfuric acid, potassium  bisulfate, and either 
cuprous oxide or selenium oxychloride could be carried ou t and 
complete solution could be obtained. In  some instances this re­
quired as much as 184 hours for th e  solution of a 1-gram sample 
b u t there was no evidence of loss of ammonia. T his procedure 
was adopted as described in detail in  th is paper.
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A P P A R A T U S

The distillation apparatus used is showiS in' Figure I . This 
apparatus is a combination of th a t described by Lundell, Hoff­
man, and Bright (2), and one developed a number of years ago 
a t  Battelle Memorial Institu te . The large tube leading from the 
funnel to the bottom  of the distillation flask facilitates the in­
troduction of the sample solution, which is particularly necessary 
bath solutions of the carbides since they often contain insoluble 
m atter. The small capillary tube extending near the bottom of 
the flask perm its the use of a  small stream of carbon dioxide-free 
air (obtained by passing the air through a tower filled with car­
bon dioxide absorbent) to  ensure steady distillation and freedom 
from bumping. T he construction of the trap  is particularly' 
effective in preventing carry-over of any of the strong sodium 
hydroxide solution.

S O L U T IO N S  REQUIRED

A m m o n ia - F r e e  W a t e r  prepared over D evarda’s alloy (4).
S e l e n i u m  O x y c ii l o r id e  S o l u t io n , 1.2% in concentrated sul­

furic acid, specific gravity 1.84.
T a r t a r ic  A c i d , 5 0 % ,  p r e p a r e d  w i th  a m m o n ia - f r e e  w a te r .
S o d iu m  H y d r o x id e  S o l u t io n , 60%. Dissolve 600 grams of 

the reagent in 1000 ml. of distilled water and digest overnight 
on the w ater bath  w ith a zinc-copper couple.

S o d iu m  H y d r o x id e , 0.01 N . Standardize against Bureau of 
S tandards acid potassium phthalatc, No. 84.

S u l f u r i c  A c id , 0.01 N . S ta n d a r d iz e  a g a i n s t  0.01 N  s o d iu m  
h y d r o x id e .

" M e t h y l  R e d  I n d ic a t o r  S o l u t io n , 0.1% in 9 5 %  ethyl alcohol.
F or higher nitrogen contents 0.1 N  sodium hydroxide and sul­

furic acid prepared in the same manner are used.

PROCEDURE

T he m aterial to  be analyzed should be as finely divided as 
possible, and in  any case under 200 mesh. This may be readily 
accomplished by grinding the material in a  motor-driven m ortar 
and  pestle fitted  w ith cemented carbide insert and tip, respec­
tively. The composition used should be of the straight tungsten 
carbide type to  minimize contamination.

T ransfer a carefully weighed 1.0-gram sample to a dry 250 ml. 
Erlenm cyer flask and add 15 grams of potassium bisulfate, re­
agent grade, 30 ml. of sulfuric acid, and 1 ml. of selenium oxy- 
chloride solution. Place the flask on a hot plate regulated a t  a 
tem perature to  keep the solution ju s t fuming, and invert a small 
beaker over the neck of the flask. In  tliis way fuming can be con-

Table II .  Typical Results
M ateria l G eneral Com position

T ungsten  carbide -f* am m onium  
su lfa te  so lu tion0 

T itan ium  carbide

T ungsten  carbide 1 

T ungsten  carbide 2

T itan ium  n itride  

C em ented carbide com position W  -t~ Ti +  Cb +  T a

W  +  T i +  Cb +  Ta

W  +  high Ti 
W  +  low Ti

E qu ivalen t to  2.007%  nitrogen.

N* F ound, %

2.056  
0 .982 
0 .978  
0 .127 
0.113 
0 .119
0.122 
0.119 
0 .1 2 2  
0 .1 2 1  
0 .1 2 1  

10.24 
16.19 
0.0252 
0 .0252 
0 .0258 
0 .0258
0 .35
0.11
0.11

tinucd for many hours w ithout replenishing the acid. Continue 
the heating until solution is complete and cool to  room tem pera­
ture. Any undissolved residue m ay be readily detected by ob­
serving whether black residue remains when the flask is swirled. 
Carefully add 50 ml. of 50%  tartaric  acid solution and then 75 ml. 
of ammonia-free water. Boil gently for 5 m inutes or until all 
soluble salts are dissolved.

W hen solution is nearly complete, prepare the distillation ap­
paratus. Rinse ou t the entire distillation flask- assembly with 
ordinary distilled w ater and measure 150 ml. of 60%  sodium hy­
droxide solution into the flask. Add 400 ml. of distilled water 
and assemble the apparatus. Place a 300-ml. Erlenm eyer flask 
under the condenser outlet tube and s ta rt a gentle stream  of air 
through the apparatus. Then apply the heat and continue to 
heat a t  as rapid a rate as is consistent w ith the operation of the 
trap  until 150 to 200 ml. of distillate have been collected. Re­
move the flask and discard. Rinse the outlet tube down with 
ammonia-free water, place under the outlet tube a flask, rinsed 
with ammonia-free water, to  which a few drops of m ethyl red 
indicator solution have been added, and distill over 50 ml. If 
the indicator remains pink the system is free of ammonia and 
distillation of the sample m ay proceed.

Remove the heat from the distillation flask, remove the col­
lecting flask, and substitute another rinsed flask into which 5 ml. 
of 0.01 N  sulfuric acid (or 0.1 N ) have been pipetted. Also add 
4 drops of m ethyl red indicator solution to the flask. Increase 
the air flow slightly and transfer the solution of the sample to  the 
funnel. Slowly open the funnel stopcock and allow the solution 
to flow into the flask a t such a ra te  th a t the reaction is not too 
violent w ith resultant splashing of the solution into the trap. 
Some dilution of the sample solution m ay be desirable. W hen 
the solution is all transferred, rinse the sample flask and funnel 
three times w ith ammonia-free water, finally adding a to tal of 
500 ml. Replace the flame, slow the air stream  somewhat, and 
proceed w ith the distillation. Observe the receiver for any 
evidence of neutralization of the acid and add more by p ipet as 
needed to  keep the indicator pink. W hen 200 ml. of distillate 
have been collected, remove the flask from the outlet tube while 
rinsing it  down with ammonia-free water.

T itra te  the excess sulfuric acid w ith 0.01 N  sodium hydroxide 
(or 0.1 N )  until the pink color ju s t disappears. Add 2 more drops 
of m ethyl red indicator solution and continue titra ting  to a  full 
yellow color.

C arry a blank using the same volume as in a sample run through 
all steps of the operation except the fuming.

On a 1-gram sample, 1 ml. of 0.01 N  sulfuric acid used to  ab­
sorb ammonia is equivalent to  0.0140% nitrogen in the sample.

RESULTS

Typical results obtained (Table II )  show clearly th a t the repro­
ducibility is excellent and th a t added known am ounts of ammonia 
are recovered. Unfortunately, there are as yet no standards 
available for this class of materials, so th a t the procedure could 
not be tested in this manner.

In  lieu of the use of standards, some confirmatory results are 
included. Tungsten carbide is shown not to  contain much ni­
tride and th is confirms the statem ent made by Kieffer.and H otop
(7) th a t tungsten does not form nitrides below 2300° C. T an ­
talum  and columbium might be expected to behave similarly.
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Hence, titanium  is the greatest source of nitrogen in these com­
positions and the results show th a t titanium  nitride is decom­
posed, so th a t even were the sample not completely decomposed, 
the nitride would be recovered.
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Evaluation of Dispersions by a Novel Rheological Method
FREDERICK K. D A N IE L  a n d  P A U L IN E  G O L D M A N ,  Horn-Kem  Corporation, Long Island C ity , N . V.

A  technique for the rapid evaluation of dispersions and dispersing 
agents is presented. The test comprises mixing the dry powder 
with the dispersing solution, measuring the amount of liquid re­
quired to produce two characteristic and reproducible consistencies, 
and observing the rheological phenomena of the mixture. A  good 
dispersion displays active dilatancy at high powder concentrations. 
A  poor dispersion or flocculate is plastic over a wide range of con­
centrations and never displays any flow tendencies. A  fair disper­
sion displays passive dilatancy at high concentrations and visible 
thixotropy at lower powder concentrations.

FIN E LY  subdivided insoluble solids such as pigments display 
widely different characteristics when mixed w ith relativçly 

sm all am ounts of liquid. T he fact th a t it  requires more liquid 
to  moisten some pigments than  to moisten others is the basis of 
the oil absorption test (6) commonly used in the pain t and allied 
industries. I t  is likewise knowm th a t the consistency of a  given 
powder-liquid system can be changed by dispersing (deflocculat- 
ing) the clusters of powder particles present in the mixture. D e­
flocculation is accompanied by such a  sharp reduction in yield 
value th a t a  stiff paste becomes fluid (7). Consequently a  paste 
of higher powder concentration can be produced in  a dispersed 
than  in a flocculated system.

As used in  this paper the term  “dispersion” denotes a  powder- 
liquid system in which the prim ary particles are largely independ­
en t of each other. Used in th is m anner its meaning is not identi­
cal w ith the generic term , “ dispersion” , often applied to  any two- 
phase system, flocculated or otherwise. A “flocculate” denotes a 
powder-liquid system in which the prim ary powder particles are 
held together in clusters by adhesion tension (I, 8). Clear dis­
tinction is made in  this paper between “dispersing agents” wThich 
serve the function of deflocculating or dispersing flocculated sys­
tems, and “wetting agents”  whose function i t  is to  aid in  wetting 
water-repellent particles by a mechanism of lowering surface and 
interfacial tension.

The authors have studied more closely the changes in  consist­
ency brought about by variations in the s ta te  of flocculation or 
deflocculation (dispersion) of a concentrated powder-liquid sys­
tem. Like Fischer and Jerome (3), they  find th a t qualitative 
and quantita tive differences in the rheological behavior (consist­
ency) of the m ixture are so pronounced and typical th a t these 
characteristics, in turn , can be used as a measure of dispersion.

Based on th is observation, a  simple and comprehensive tech­
nique for evaluating dispersions and dispersing agents has been 
developed. Such a m ethod should be welcome to  those active in 
the field of dispersion where, a t  present, guesswork in evaluating 
dispersions is often used for w ant of a simple and quick testing 
method.

SCOPE

T he m ethod of testing for dispersion here presented applies to 
dry, insoluble powders incorporated into a continuous liquid

phase. (Powders which swell in the liquid medium, such as clays 
in water, can be tested only after they reach their swelling equi­
librium. The results m ust be interpreted w ith caution.) The test 
comprises mixing the powder w ith the dispersing solution, meas­
uring the am ount of liquid required to  produce two characteris­
tic and reproducible consistencies, the “wet point” and the “flow 
point” , and observing the a ttendan t rheological properties of the 
m ixture. T hus far, the tes t has been used chiefly for aqueous 
systems, and the present paper deals w ith th is method of testing 
for dispersion only as i t  applies to  aqueous systems. However, 
w ith b u t minor modifications, the te s t can be used for nonaqueous 
system s as well. In  some of its aspects it  is an a rt more than  a 
scientific method. I ts  chief lim itation is th a t i t  tests dispersions 
a t  high concentration, and  the results cannot always be applied to  
more dilute dispersions. However, discrepancies between the 
degree of deflocculation of such m ixtures a t  high and a t  low con­
centration seem to be the exception rather than  the rule.

R H E O L O G IC A L  DESCRIPTION

The rheological behavior of concentrated powder-liquid sys­
tems falls into three distinct, recognizable groups, depending on 
w hether the powder is flocculated, well dispersed, or only partly  
dispersed.

F l o c c u l a t e s . A s a liquid is gradually combined w ith a pow­
der, the m ixture becomes dull in  appearance and puttylike in con­
sistency (see Figure 1, upper photo). As more liquid is added, the 
system rem ains dull and displays adhesive qualities which cause 
sharp peaks to  appear during kneading. W ith continued addi­
tions of liquid, the m ixture becomes proportionately softer, bu t 
remains dull in appearance even upon tapping or patting. F i­
nally, as still more liquid is added, the m ixture reaches a stage 
where, though pastelike, it falls or drops under its own weight 
from a vertically held spatula. T his plastic flow behavior w ith a 
pronounced yield value over a wide range of concentrations is 
characteristic of flocculates or poor dispersions.

G o o d  D i s p e r s i o n s . A s  the liquid is combined w ith the pow­
der, the mixture displays great resistance to  sudden pressure or 
to kneading, turning dull and ridged in appearance. Y et a  few 
mom ents afterw ards the same m aterial coalesces, becomes glossy 
and smooth, and flows of its  own accord if left undisturbed (see 
Figure 1, center photo). Even when the flow—from a spatula, 
for instance—is slow, owing to  a very high concentration of pow­
der, the falling m aterial spreads ou t on a  glass plate in a glossy 
pool. A t slightly lower concentrations of powder, the m aterial 
becomes much more fluid, running off in long, fine strings from a 
horizontal spatu la, y e t offers a high resistance to  sudden th rusts 
w ith a  knife. T his phenomenon is called “active dilatancy” (4) 
and i t  is indicative of a  high degree of dispersion (2, 5). Active 
dilatancy is observed in powder-liquid systems of high powder 
concentration only. A small additional am ount of liquid will tu rn  
such a m ixture into a mobile fluid. In  the dilatancy range, the
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quality  of the dispersion can be judged by the degree of spontane­
ous flow. The longer and finer the honeylike strings of the mix­
ture, with a given powder a t a  given concentration, the better the 
dispersion.

F a ir  D is p e r s i o n s . A s  the liquid is gradually combined with 
the powder, the resultant m ixture appears dull, as is likewise true 
in a flocculate. Y et when gently tapped, the material turns 
glossy and begins to flow, b u t ceases its flow as soon as the disturb­
ance is discontinued (see Figure 1, lower photo). This phenom­
enon is called “ passive dilatancy” (4). When more liquid is

Figure 1. Powder-Liquid Dispersions

U p p er.  Mixture ol 85%  water end 15%  powder by volume. Plastic, poor dls-

C e n u V ]  Mixture o l 6 0 %  dispersing agent solution and 40%  powder by volume.
Actively dilatant, good dispersion -  hv vo|„m.

L o w e r.  Mixture o! 65%  dispersing agent solution and 35%  powder by volume. 
Passively dilatant, fair dispersion

added, the material loses its resistance, and when agitated, seems 
mobile. Y et when left undisturbed, i t  sets—i.e., it is visibly thixo- 
tropic (5) and displays the reversible isothennal sol-gel trans­
formation which characterizes all thixotropic systems. When 
dropped, it  shows the rounded peaks and craters typical of such 
systems. Even when rather dilute, i t  will neither flow in strings 
nor spread out in a  th in  layer when poured onto a  glass plate.

R E LA T IO N S H IP  O F  G O O D , FA IR , A N D  P O O R  DISPERSIONS

While concentrated powder-liquid systems show the three gen­
eral types of rheological behavior outlined above, no sharp line 
of demarkation between these groups exists. In  fact, even within 
the saihe powder-liquid system, there m ay be produced—with an 
electrolyte, for instance—a continuous change from good disper­
sion (complete dcflocculation) on one end of the scale, to  com­
plete flocculation or poor dispersion on tho other end of the 
scale. This transition is accompanied by a  corresponding change 
in rheological properties, both dilatancy and thixotropy.

If thixotropy be defined in terms of tim e of solidification (4), a 
poorly dispersed, plastic suspension m ay be regarded as an  ex­
treme case of thixotropy—viz., one in  which the tim e of solidifi­
cation is infinitely short and therefore thixotropy cannot be meas­
ured directly. A t the other end of the scale, a  good dispersion 
may be regarded as a  thixotropic system  in which the tim e of so­
lidification is too long to  be measured. In  interm ediate states, 
however, the association of particles takes place in measurable 
time intervals—e.g., in minutes. In  these cases the tim e of solidi­
fication becomes tangible and thixotropy clearly noticeable.

The tim e of solidification of a suspension depends not on the 
degree of deflocculation alone, bu t also on concentration. In  a 
given system, the time of solidification a t  high powder concentra­
tion is always shorter than  a t  lower concentrations. Hence the 
concentrated powder-liquid systems described above, which stop 
flowing when vibration ceases, a t lower concentrations tu rn  visi­
bly thixotropic—i.e., they m il require many seconds or some 
minutes to  set up. Passive dilatancy is merely a case of a rapid 
sol-gel transform ation superimposed on d ila tan t flow.

Passive dilatancy a t  high powder concentration and visible 
thixotropy a t lower powder concentration are indicative of a 
s ta te  interm ediate between flocculation and dispersion. The re­
sidual forces between particles are strong enough to  set up a loose 
network of particles, y e t minor external forces are sufficient to 
break down the structure and to  perm it the particles or small clus­
ters of particles, a t  least tem porarily, to  be independent of each 
other. This s ta te  of conditional dispersion is designated here as 
“ fair dispersion” .

For practical purposes—for maintaining a stable suspension, 
for instance—a system displaying some thixotropy is often pref­
erable to  a good dispersion displaying no thixotropy because a 
slight gelling of the system prevents the settling and hard caking 
of the powder.

E X PER IM EN TA L PROCEDURE

Different though their Theological properties be, two character­
istic consistencies can be produced in any concentrated powder- 
liquid system. These consistencies, “wet point” and “ flow point” 
are wholly arbitrary  b u t are easily reproducible and can, there­
fore, be used conveniently as markers. T he wet point is defined 
as th a t stage in the moistening of a powder where the minimum 
am ount of liquid is used to  form a coherent mass. [The wet point 
corresponds roughly to  the end point of the oil absorption test 
which measures the am ount of oil required by a  specified am ount 
of pigment to  form a paste (6). ] The flow point is defined as th a t 
stage in the moistening of a powder where the minimum am ount 
of liquid is used which will cause all or a  substantial p art of the 
powder-liquid mixture to flow or fall repeatedly from the vertical 
blade of a horizontally held spatula._ The test is based on deter­
mining the am ount of liquid required a t  the w et point and a t  the
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flow point and  observing the rheological characteristics a t  and 
between the two point«.

E q u i p m e n t . A g la s s  p l a t e ,  p r e f e r a b ly  a  th ic k ,  r o u n d  p la te  
a b o u t  2 0  c m . (8  in c h e s )  o r  m o r e  in  d i a m e te r .

A stainless steel spatula, preferably one w ith a  broad, short, not 
too flexible blade—e.g., 10 cm. (4 inches long) and 3.1 cm. (1.25 
inches) wide.

A buret w ith subdivisions of 0.1 cc.
A balance with accuracy of 0.1 gram.
W e t  P o i n t  D e t e r m i n a t i o n . Weigh ou t the powder to  be 

dispersed. If i t  is bulky and light, use 10 gram s; if i t  is dense and 
heavy, use 20 grams. Place the powder on a glass plate and make 
a crater in the center of the powder. From  a buret add some dis­
persing solution to the powder, running it  into the crater until 
a  little  pool forms. Cover the pool w ith dry  powder from the pe­
riphery and w ait a  few seconds until the liquid has soaked in. 
Then s ta rt kneading vigorously w ith the spatula  until as much 
powder as possible has been wet. W here a w ater-repellent pow­
der-—e.g., sulfur—is to  bo dispersed it  m ay be advisable to  use a 
wetting agent in conjunction w ith the dispersing agent, as would 
be necessary in  actual production. If  a large proportion of the 
powder still remains dry, add more solution from the buret in an 
am ount estim ated to wet nearly all the remaining dry  powder.

W hen the point is reached where nearly all the  powder is mois­
tened, in terrup t th e  kneading action and scrape the m aterial to­
gether in to  one heap and try  by patting , pressing, and troweling 
with the spatula to  form a moist, coherent mass. As th a t point is 
approached, add the solution dropwise w ith in term itten t knead­
ing and patting, so as no t to  overshoot the point where ju s t 
enough and no more liquid is present to form all the powder into 
a coherent mass. Since the am ount of liquid required a t  this 
point, the w et point, varies, widely w ith different powders, an in­
experienced operator may, a t  first, overshoot i t  and have to  re­
peat the test, b u t with a  little  experience he will learn to ap­
proach the w et point rapidly and then reach it  w ith a few more 
drops.

F l o w  P o i n t  D e t e r m i n a t io n . A fter recording the volume of 
liquid needed to  produce the wet point, add more dispersing solu­
tion dropwise and continue the kneading throughout until 
the flow point is reached and the requisite am ount of liquid like­
wise recorded.

For well-dispersed systems the flow point is defined as the stage 
where a  substantial portion of the m aterial first flows off a  ver­
tically held spatula blade w ithout producing jagged flow edges. 
Zinc oxide or barium  sulfate dispersed w ith dialyzed waste sulfite 
liquor, in aqueous systems, and titanium  dioxide dispersed with a 
5%  solution of a  short oil oxidizing type alkyd in xylene, in  non- 
aqueous systems, are good examples of th is type of system.

The most characteristic feature of good dispersions is th a t here 
the flow point lies very close to  the w et point. The better the dis­
persion, the narrower the gap between the two points until in 
some cases the wet point and flow point become practically indis­
tinguishable.

For poor dispersions or for out-and-out flocculated systems, 
the flow point is reached when the paste drops off the vertically 
held spatula blade. This falling or dropping off is clearly different 
from the flow of good dispersions. Sometimes the whole mass 
comes off a t  once, leaving the spatula bare. M ore often, an ap­
preciable am ount of the m ixture remains on the spatula. An ex­
ample of a flocculated system is a  mixture of zinc oxide and water, 
or, in nonaqueous systems, titanium  dioxide in xylene.

In  poorly dispersed or flocculated systems, the gap between wet 
point and flow point is very wide—in fact, so wide th a t sometimes 
the test is discontinued before the flow point is reached.

For fair dispersions, the flow point is harder to  define and less 
reproducible than  for either well or poorly dispersed systems. 
T he m aterial never really flows spontaneously b u t drops. Y et just 
as it  breaks away from the spatula, it  shows an elongation along 
the edge as though it  were going to  flow. The phenomenon is hard 
to  describe b u t is easily recognized after a  little experience. Usu­
ally, only p a rt of the dispersion on the spatula comes off, espe­
cially if not all the m aterial has been scraped up a t  the same time. 
This is due to  the thixotropic character m entioned above, which 
introduces a tim e factor and also makes the flow point vary  some- 

•what- with the kind of kneading and mixing action given to the

material. Often, by the tim e the first p art of the m aterial has left 
the spatula, the rest has set up. An example of a  fair dispersion 
is a  m ixture of a rutile type titanium  dioxide in a solution of dia- 
lyzcd waste sulfite liquor.

The gap between wet point and flow point in fair dispersions is 
wide enough to  be m easured easily—in fact, sometimes i t  is so 
wide th a t one m ay th ink  the system is flocculated. To decide defi­
nitely w hether i t  is dispersed or not, the  tapping tes t m entioned 
below should be made in all cases where the addition of a small 
am ount of liquid to  the wet paste does no t produce flow p o in t 
consistency—i.e., in all except actively d ila tan t systems.

Tapping at Intermediate Stage. W hen about 10 to 20%  more 
liquid than  the am ount required a t the wet point has been added 
and the m aterial does no t flow bu t remains dull and merely be­
comes softer, some of it  is placed a t  the tip  of a horizontally held 
spatula. The horizontal blade is tapped repeatedly, gently a t  
first and if this is no t sufficient to  cause the m aterial to move, more 
vigorously, near the handle w ith the index finger of the other hand. 
I f  the m ixture tu rns glossy and flows over the edges of the blade 
in bands or strings when so tapped and flow is arrested in mid­
air when tapping ceases, the m aterial is passively d ila tan t (see 
Figure 1, lower). I t  is partly  dispersed, or a t  least it  can easily 
be made to disperse by such means as dilution and agitation, even 
though for a lim ited period of tim e only. However, if the m a­
terial stays on the spatu la  and rises on it  in scroll-like form or 
otherwise tends to  decrease its  surface area in contact w ith the 
blade, it  is flocculated or contains some flocculated m aterial in 
appreciable amount.

CHARACTERISTICS O F  PO W DER-DISPERSING  S O L U T IO N  M IX TU R ES

G o o d  D i s p e r s i o n s

1. A t the W ei Point
a. Shine w ithout tapping or upon light tapping
b. Are d ry  and hard to  knead

2 . A t the Intermediate Stage (defined sis th a t m ixture which
contains about 10 to 20%  more liquid than  the w et point 
and has no t reached flow point)

a. Lack distinct interm ediate stage
3. A t the Flow Point

a. Flow w ithout tapping
b. Offer resistance to sudden pressure

4. H ave a very small gap between wet point and flow point
F a i r  D i s p e r s i o n s

1. A t the Wet Point
a. Shine on sharp tapping

2 . A t the Intermediate Stage
а. Flow on tapping only
б. Show some resistance to  sudden pressure occasionally

3. A t the Flow Point
a. Fall w ith elongation a t  the breaking line
b. Show no resistance to  sudden pressure
c. Show visible thixotropy

P o o r  D i s p e r s i o n s  a n d  F l o c c u l a t e s

1. A t the Wet Point
a. Remain dull even on tapping

2 . A t the Intermediate Stage
а. Rise on tapping
б. Show no resistance to  sudden pressure
c. Possess m arked plasticity (high yield value)

3. A t the Flow Point
a. Fall w ithout elongation a t  breaking point

4. H ave a  very large gap between wet point and flow point

E V A L U A T IO N

W ith the above-described testing procedure all pertinent in­
formation as to the quality  of the dispersion and the quality  and 
quantity  of the dispersing agent needed can be obtained.

As a  first step, every new powder to  be tested becomes subject 
to  a  prelim inary test w ith pure w ater instead of dispelling solu­
tion. This blank tes t will establish :

1. W hether the powder wets easily or requires the use of a  
combination dispersing-wetting agent

2 . W hether the powder is flocculated or, like starch, for in­
stance, has self-dispersing qualities. In  the la tte r  case, dispersing 
agents can be expected to have a lim ited effect, if any, while in 
flocculated system s pronounced changes can be brought about by 
the use of suitable dispersing agents.



January, 1946 A N A L Y T I C A L  E D I T I O N 29

Pigm ent 
(20 Grams)

ZnO°

Table I. Effect of Several Dispersing Agents on Some Representative Pigments
Dispersing Agent_____

TiOi&

F ejO jc

PbCrCM

D escription

W ater
D ialyzed waste sulfite liquor

W ater
D ialyzed w aste sulfite liquor

Sodium  sa lt of polym erized polyaryl sul­
fonic acids

W ater
D ialyzed w aste sulfite liquor 
M odified glucoside ex tract
W ater
M odified glucoside extract 
Sodium  sa lt of sulfonated condensed 

naph thalene
F urnace  black* W ater

M odified glucoside ex trac t

C arbon b la c k / W ater
M odified glucoside extract

B aSO i*7 W ater
Sodium  sa lt of sulfonated condensed 

naph tha lene
H ansa yellow * W ater

D ialyzed w aste sulfite liquor +  wetting 
agents

a Zinc oxide, lead-free, 592 American Process, New Jersey Zinc Co. 
b T itan ium  dioxide, pure, ru tile, 350-OR, U nited Color & P igm ent Corp. 
c Iron  oxide, p recip ita ted , C. K. Williams & Co.

Lead chrom ate, m edium , c . p . ,  U nited Color & P igm ent Corp.

m edi­
ation W et Po in t Flow  Poin t Difference

Rheological
Behavior

Dispersion
Q uality

Pigm ent 
C oncentration  a t 

Flow Poin t
% Cc.

6 .3
Cc.

20 .9
Cc.

14.6 Rises on tapping Poor
%  by volume 

14.92 5 .3 6 .1 0 .8 Flows on tapp ing F a ir 3 7 .5
3 4 .8 5 .4 0 .6 Flows Good 40 .3
5 5 .2 5 .4 0 .2 Flows Good 40 .3
7 5 .1 5 .4 0 .3 Flows Good 40 .3

9 .0 16.9 7 .9 Rises on tapping Poor 2 1 .8o 8 .6 10.6 2 .0 Flows on tapping F air 30 .7
3 8 .5 9 .8 1 .3 Flows on tapping F air 32.4
5 8 .0 9 .3 1.3 Flows on tapping F air 3 3 .5
7 8 .3 9 .7 1.4 Flows on tapp ing F air 32 .6
3 8 .9 12.2 3 .3 Rises on tappjng Poor 27 .8
5 8 .4 11.8 3 .4 Rises on tapping Poor 28 .4

6 .2 19.4 13.2 Rises on tapping Poor 16.7
*5 6.1 7 .1 1.0 Flows Good 35 .4
5 6.1 9 .3 3 .2 Rises on tapp ing P oor 2 9 .5

6 .4 - 13.7 7 .3 Rises on tapping Poor 19.5
*5 6 .2 S .3 2 .1 Flows Good 28 .5
5 6 .2 10.0 3 .8 Rises on tapp ing Poor 24 .9

24.7 35 .7 11.0 Rises on tapp ing Poor 23 .7
*3 20.2 21 .5 1 .3 Flows Good 34.1
5 19.4 24 .7 5 .3 Flows on tapping Fair 31 .0
7 19.2 2 9 .9 10.7 Flows on tapping F air 27.1

34 .6 67 .4 32 .8 Rises on tapping Poor 14.1
5 28.0 29 .0 1.0 Flows on tapping F a ir 27 .7

10 28 .8 30 .8 2 .0 Flows on tapping F air 2 6 .5
6 .5 12 2 5 .7 Rises on tapping Poor 27 .6

’5 5 .7 6 .7 1.0 Flows Good 4 1 .0

19.2 4 5 .8 26 .6 Rises on tapping Poor 23 .9
’5 17.0 19.8 2 .8 Flows Good 42 .1

* Furnace black, Furnex, B inney & Sm ith Co.
/  C arbon black, R aven 15 Black, B inney & Sm ith  Co. 
o B arium  sulfate, precip ita ted , C. J . Osborn Co.
A H ansa Yellow, Iioricon X-1351, Im perial P ap er «fc Color Corp.

S t e p s  i n  E v a l u a t io n . A . Which of a number of dispersing 
agents produces the best dispersion with a given powder?

A single te s t w ith a  solution of 5%  concentration is generally 
sufficient to  answer this question. The agent which requires the 
sm allest am ount of liquid to  go from wet point to flow point and 
displays the highest degree of dilatancy for a  given powder is, 
as a  rule, the m ost powerful dispersing agent. Final judgment, 
however, should be reserved until a t least three determinations a t 
different concentrations of dispersing agent have been made.

In  m any cases, too, the to ta l am ount of liquid used a t the wet 
point and flow point is a  good measure of dispersion. The less 
liquid required for a  given powder, the better the dispersion. 
W hen it  comes to  a  close comparison of several good dispersions, 
no t infrequently an  agent requiring slightly less liquid to reach the 
flow point shows the wider gap between wet point and flow point 
and less dilatancy. Careful checks against other dispersion tests 
indicate th a t the size of the gap and the rheological behavior are 
more significant as to degree of dispersion a t high powder concen­
tration  than  the absolute amount of liquid required. On the 
whole, however, the rheological characteristics of a mixture con­
form to the concentration rule, according to which the better dis­
persion requires less liquid a t  the flow point than  the poorer dis­
persion.

B. What is the m inim um  amount of dispersing agent needed for 
optimum dispersion of a given powder/

This is determ ined by making successive tests, each test with 
the dispersing solution a t a  different concentration. By going 
stepwise from excess strength to insufficient strength of solution 
and measuring in each case the am ount of liquid used a t the flow 
point, d a ta  arc provided (Table I) for a curve in which the 
am ount of liquid used is plotted as ordinate and the concentra­
tion of the dispersing agent as abscissa (see Figure 2).

The flow point curves show an inflection where the strength of 
the  solution becomes insufficient to  disperse all the particles, 
and sometimes they also bend upward away from the abscissa 
in the region of higher concentration of the dispersing agent.

This means th a t in some cases an excess as well as a  deficiency of 
dispersing agent can be detrim ental to the quality of the disper­
sion, a fact which underlines the necessity of making a quantita­
tive test in every instance and no t drawing conclusions prema­
turely from a single test. This is clearly shown in Table I, which 
demonstrates the effect of several dispersing agents in  varying con­
centration on some representative pigments.

Carbon black (Furnex from Binney & Smith) dispersed with a 
7%  solution of a modified glucoside extract shows passive dila­
tancy and fair dispersion and w ith a  3%  solution, strong active 
dilatancy and good dispersion.

Where the curve runs through the minimum, or where it  shows 
its point of inflection, there lies the “optim um ”—i.e., a t  th a t con­
centration the best possible dispersion can be produced w ith the 
least am ount of dispersing agent. (The corresponding wet point 
curve runs more nearly as a stra igh t line, indicating th a t the 
wet point is alm ost the same for dispersed as for undispcrsed sys­
tems and therefore cannot bo used to  determ ine the optimum 
point. However, the wet point curve is significant as a point of 
reference. By plotting it along w ith the flow point curve, the 
quality of the dispersion can be seen a t  a  glance. The better the 
dispersion, the closer the two curves approach each other, espe­
cially a t  the point of inflection. The absolute am ount of liquid 
required a t  wet point or flow point is no t characteristic and 
varies greatly from one powder to  the next.) Sometimes there is 
no sharp point of inflection; instead, the curve turns upw ard 
gradually. In  th a t case a  decision m ust be made as to how much 
of the quality of the dispersion is to be sacrificed for economy’s 
sake.

Calculations. W ith the d a ta  obtained from the curve 
one can easily calculate the percentage of dispersing agent re­
quired for best dispersion—for example, where 20 grams of pow­
der are used in  the tes t and the point of inflection lies a t  5.4 cc. for 

5 4 X 3 0a 3%  solution, ^  ' ■ or 0.162 gram  of dispersing agent is re­

quired for 20 grams and 5 X 0.162 gram or 0.810 gram  of dispers­



or tho m ix tu r e  b e c o m e s  
slightly more fluid because 
of the extra am ount of 
liquid added, the compound 
has no t affected the s ta te  of 
dispersion.

I f  the liquid added, pref­
erably in concentrated solu­
tion, strongly liquefies the 
mixture, i t  has a  dispersing 
effect. If, on the other hand, 
the dispersion becomes stiffer, 
dry, and loses its  flow, the 
added substance detrim en­
tally  affects the dispersion.
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In  this way, the influence 
of each of the liquid com­
ponents is quickly determined 
w ith a  sm all portion of the 
original m ixture and the 
formulation can be adjusted 
accordingly. T his procedure 
has to  be followed in all cases 
where the w a te r - r e p e l l e n t  
nature of the powder calls for 
the use of w etting agents and 
where a  good dispersion can­
not be achieved w ith com­
b i n a t io n  wetting-dispersing 
agents of known general com­
patibility. Under these con­
ditions i t  will be necessary to 
prepare a t  least one disper­
sion of flow point consistency 

w ithout a w etting agent and to  try  the effect of a  num ber of 
wetting agents on it, as set forth above. To reach the w et point 
by the use of a  dispersing agent alone takes considerably more 
time and effort than  it  does w ith pigments which are no t water- 
repellent, b u t once reached, the wet point value is the same as 
th a t found so much more easily by the addition of wetting agents.

E. How shall dispersiotis consisting of more than one powder be 
tested?

A testing procedure similar to  th a t used above m ay be fol­
lowed. Dispersions of each of the component powders are made 
up singly a t  flow point consistency and then are combined one by 
one. If the combination results in loss of flow and causes the 
system to tu rn  dull and stiff, the dispersion has been affected ad­
versely. B u t again, the flocculated or flocculating component is 
clearly recognized and can be eliminated altogether, or, if th a t is 
no t possible, a  dispersing agent can usually be found which, 
though i t  m ay no t be the m ost powerful dispersing agent for each 
component, avoids trouble in the complete formula.

Such testing procedure is unnecessary if sufficient dispersion 
data  on the individual powders are available. The m ost suitable 
dispersing agent can be found by comparing the effect of each dis­
persing agent on each of the powders and selecting the one w ith 
the best over-all performance. This is dem onstrated in Table II, 
in which the pertinent test da ta  of four typical dispersing agents 
for zinc oxide and titanium  dioxide are given.

While all four agents produce good dispersions of zinc oxide, D 
is more effective than  A, B, or C as judged from the small gap be­
tween wet point and flow point. However, D  produces a poor 
dispersion of titanium  dioxide. Hence, where a  dispersion of ti­
tanium  and zinc oxide is called for, D  is unsuitable in spite of its 
excellence as a  zinc oxide dispersant. Agent B is obviously the 
one to  be chosen for the best over-all result.

T im e  R e q u i r e d . After standard  solutions of the d is p e r s in g  

agents are prepared, each tes t should take no more than  7 to 10 
m inutes. Hence, the quantita tive evaluation of a  dispersing 
agent w ith respect to  one powder can be carried ou t in about an

ing agent for 100 grams of the powder. For accurate calculations 
th is last figure should be m ultiplied by the specific gravity  of the 
solution, but for practical purposes, a t  the low concentrations 
used, the difference between m illiliters and grams can be neg­
lected.

C. What is the highest concentration of powder that can be ob. 
lained in  a dispersion with a given dispersing agent?

This can likewise be calculated from the flow point curve.

Taking the am ount of liquid, X ,  required a t  the optimum 
point for an am ount of powder, F , the concentration of powder in

tho dispersion is y ° . In  the example given above, the con­

centration would be =  78.7%  by weight (40.3% by

volum e). In  other words, 100 grams of dispersion of flow point 
consistency can be produced w ith 78.7 grams of powder, 0.637 
gram of active dispersing agent, and 20.7 grams of water.

D. What is the effect of extraneous substances on a dispersion?
Dispersions are very sensitive towards extraneous substances.

T he adverse effect of electrolytes is well known {2). Polyvalent 
cations and acids especially will flocculate dispersions of the com­
mon type (negative charge). N o t so well known, however, is the 
fact th a t m any w etting agents also affect the dispersion detri­
m entally, while other combinations of surface-active compounds 
produce a  greater dispersing effect than  either one of the compo­
nents. To make things still more complicated, such a beneficial 
combination m ay disperse nine powders very well and flocculate 
the ten th , although this one powder is chemically closely related 
to  the others. In  view of this unpredictable behavior of disper­
sions, it  is essential to  be able to determine the influence of each 
component separately.

T he testing procedure is as follows:

Prepare about 50 grams of the dispersion a t  flow point consist­
ency, using the dispersing agent which has been found most ef­
fective. T ake a  small p art of th a t  dispersion, add a few drops 
of one of the other liquid components in question, and mix w ith 
the spatula. If  the rheological characteristics rem ain unchanged

L e ft ,  Good dispersion. 
C e n te r , Fair dispersion. 
R i g h t . Poor dispersion.

CONCENTRATION OF DISPERSING AGENT, *

Figure 2 . Effect of Dispersing Agents

20 grams of Z n O  dispersed with dialyzed waste sulfite liquor 
20 grams of rutiie T iO i dispersed with dialyzed waste sulfite liquor
20 grams of rutiie T iO i dispersed with a sodium salt of polymerized polyaryl sulfonic acid
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Table II.
Agents A cting  on Different Powders

DisDersimr 20 G ram s of ZnO Dis­ 20 Gram s of TiOj Dis­
A gent, 5%  So- W et *Flow per­ W et Flow per­

lution po in t po in t Aa sion point po in t A° sion
Cc. Cc. Cc. Cc.

Agent A 4 .7 5 .2 0 .5 Good 7.1 8 .2 1.1 Fair
Agent B 4 .7 4 .9 0 .2 Good 7 .6 8 .0 0 .4 Good
Agent C 4 .5 4 .7 0 .2 Good 8.4 11.8 3 .4 Poor
Agent D 4 .3 4 .4 0 .1 Good 8 .2 12.2 4 .0 Poor

° A «= flow po in t m inus w et poin t, cc.

hour’s time, while a qualitative, or partial test as in A above can 
be made in ju s t a few minutes.

PRECISION

Once the necessary technical skill has been acquired by an oper­
ator, which takes no more than  a day or two, the quantitative ex­
perim ental error becomes surprisingly small. For good disper­
sions, he can usually reproduce his results within a margin of 2%. 
For poor dispersions i t  m ay be as much as 5%  and in some cases 
even slightly more.

The variation in results between two operators is also small. 
I t  depends prim arily on how quickly, thoroughly, and energeti­
cally the mixing is performed, bu t different operators will never dis­
agree as to the general character of the dispersion—th a t is, 
w hether the dispersion is good, fair, or poor.

T ests were made w ith powders of widely different particle size, 
some w ith fine powders of an average particle size of O.Ijh and 
o ther tests w ith powders of an average particle size of 50m.

W ithin tliis particle-size range, the test proved to be fully appli­
cable.

In  view of the high reproducibility of tho results, and consider­
ing the differences in tho surface characteristics of different pow­
ders, it  becomes understandable th a t the test can be used success­
fully for the rapid identification of pigments, and even for tho 
identification of different modifications of the same pigment.

The test reveals the dispersing agent, among a number tested, 
which produces the best dispersion with a  given powder or mix­
ture of powders; tho minimum am ount of dispersing agent re­
quired to achieve optimum dispersion; tho highest concentration 
of powder th a t can be obtained in a  dispersion w ith a given dis­
persing agent; the effect of extraneous substances on a dispersion; 
and the effect of a mixture of powders on a dispersion.
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Separation of Acids by Chromatographic 
Adsorption of Their p-Phenylphenacyl Esters

J. G . K IR C H N E R 1, A R T H U R  N . PRATER*, a n d  A .  J. H A A G E N - S M IT  

California Institute of Technology, Pasadena, Calif.

I N STU D Y IN G  the volatile flavor and odor constituents of 
pineapple (5), small am ounts of ester mixtures were obtained 

which were difficult to  separate sharply. Subsequently, the hy­
drolysis of these esters yielded mixtures of acids whose deriva­
tives were in tu rn  difficult to  purify, especially when the quantity 
of available m aterial was small. This necessitated the develop­
m ent of a method for separating small amounts of acids or their 
derivatives.

Various attem pts have been made to  separate the fatty  acids 
directly by chrom atography.

Cassidy (1) separated lauric, myristic, palmitic, and stearic 
acids on a carbon column from petroleum ether solution, and 
Swift el al. (14) purified methyl linoleate by passing cottonseed 
oil through alum ina. All these separations involve colorless 
compounds, thus resulting in the consequent difficulties of sepa­
rating  the colorless bands. Cassidy (1) tried unsuccessfully to 
separate the p-aminoazobenzene derivatives of the higher fatty  
acids. Smith (IS) separated formic, acetic, propionic, butyric, 
and valeric acids using an indicator to  locate the bands on the 
column. In  addition, M anunta (10), Kaufmann (7), Kaufmann

1 P resen t address, U . S. D ep artm en t of Agriculture, F ru it and Vegetable 
L abora to ry , Los Angeles, Calif.

1 P resen t address, C. B. G en try  Co., Los Angeles, Calif.

and Wolf (8), Kondo (9), Papps and O thm er (11), Holmes and 
McKelvey (6), Rykhlikov (IS), E lder and Springer (S), and Gy- 
ani and Ganguly (4) have made contributions in tliis field.

In  searching for a method of purifying small am ounts of acids 
or their derivatives, it  was found th a t the highly purified p- 
phenylphenacyl derivatives (2) of the acids have a  blue fluores­
cence in ultraviolet light. These derivatives can be adsorbed on 
silicic acid, resulting in the separation of acids differing by ono 
CH2 group, a t least in the lower members.

Adsorption was m ade from a 1 to  1 benzene-petroleum other 
(80° to  90° C.) mixture and developm ent made with tho samo 
solvent. The refractive index of this m ixture is such th a t it  
makes the adsorbent translucent (15).

The adsorbent used in this case was M erck’s silicic acid (re­
agent grade). D ifferent batches were found to  vary in adsorp­
tion power. However, by evacuating a 10-cm. layer in a desicca­
to r over phosphorus pentoxide for 4 minutes with a Ilyvac pump, 
a fairly uniform product was obtained. R eactivation of the ad­
sorbent was accomplished in the same m anner after air-drying 
the acetone-eluted material.

The separations reported here were made w ith mixtures of 
derivatives, each of which had been previously chromatographed 
by itself to obtain a pure product. D erivatives which had been 
recrystallized only to a constant melting point still contained 
sufficient im purities to  produce a yellow to  white fluorescence.
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I t  was found advantageous to  tre a t an alcohol solution of the 
derivatives w ith a decolorizing charcoal which adsorbed some 
highly fluorescent im purities th a t were removed w ith difficulty 
by adsorption on silicic acid. On chrom atographing a  charcoal- 
treated  derivative under ultraviolet light, the white to  yellow 
band which first appeared gradually developed, so th a t a  blue 
band appeared beneath the more highly colored zone. This blue 
band was cut into sections and eluted w ith purified acetone. A 
bright fluorescent zone a t  the top of the column was due to  traces 
of im purities which were strongly adsorbed. Any excess p- 
phenylphenacyl bromide was washed ou t ahead of the acid de­
rivative.

For the separations 1.2 X 25 cm. columns were employed, 
using pressure to develop the chromatograms. The columns 
were wet w ith benzene-potroleum ether (80° to 90° C.) m ixture 
and the derivatives added in a small quan tity  of the same solvent. 
This preliminary adsorption was accomplished w ith a pressure of
0.35 kg. per sq. cm. (5 pounds per square inch). The solvent mix­
ture was then added and the pressure increased to  1 kg. per sq. 
cm. (15 to  20 pounds per square inch). The columns were 
equipped w ith a reservoir of solvent, so th a t there was no inter­
ruption during development.

T he higher molecular weight derivatives were less strongly ad­
sorbed than  the lower members, so th a t a  uniform series of sepa­
rations was obtained from acetic to capric acids, inclusive. Each 
member could be separated from the one preceding or following 
it, the  higher carbon member always being lower on the column. 
Similarly isobutyrie, isovaleric, and isocaproic p-phenylphenacyl 
esters could be separated from one another and gave the same 
sequence. The capric and undecylic derivatives could no t be 
separated, nor could the lauric and m yristic derivatives.

Table !. A c id  M ixtures W hose p-Phenvlphenacyl Esters Have  
Been Separated by Chromatographic Adsorption

Acetic-propionic 
A cetic-butyric 
Acetic-valeric 
Prop ion ic-bu tyric  
Propionic-caproic 
Propionic-hep ty  lie 
B utyric-isobutyric  
Butyric-valeric 
Butyric-caproic 
B utyric-isovaleric 
Isobutyric-isovaleric 
Isobu tvric-n -valeric  
n-V aleric-isocaproic 
n-V aleric-n-caproic

T he separation of the lower members was characteristic. If 
a  m ixture of two of these cliromatographically pure derivatives 
was placed on th e  column, there first appeared a  whitish band 
which gradually narrowed as development continued w ith the 
appearance of blue bands above and below the white band. As 
th e  white band disappeared, separation was completed. In  
going further up the series th is characteristic white band is not 
seen and the separations become less sharp. W ith  the lower 
members the separation is quantitative.

To illustrate this, 16.9 mg. of butyric derivative and  17.1 mg. of 
acetic derivative were chrom atographed on a column measuring
1 X IS cm. A fter developm ent the column under ultraviolet 
light consisted of the following bands: 2.5 cm. colorless, 2.5 cm. 
blue, 0.6 cm. colorless, and 2.5 cm. blue (listed from the top down­
w ard). From the upper blue band 16.3 mg. of acetic derivative 
m elting a t 110.5-111° C. were obtained. The lower blue band 
yielded 16.8 mg. of butyric derivative m elting a t 81.5-82° C.

In  a  similar manner, 27.2 mg. of acetic derivative and 21 mg. of 
n-propionic derivative were separated on a  column measuring
1.2 X 25 cm. After developm ent the upper 5-cm. blue band was 
separated from the 4.5-cm. lower blue band by a 1.9-cm. colorless 
zone. The upper blue band yielded 26.8 mg. of derivative m elt­
ing a t  110-111° and the lower band yielded 20.7 mg. of derivative 
melting a t  102-103° C.

W ith the higher members, the adsorbed derivatives formed a 
continuous band. Sectioning of this w ith subsequent elution 
yielded a pure top  and bottom  section w ith the intervening sec­
tions showing various stages of mixtures.

The n-butyric derivative (m.p. 82° C.) can be separated from the 
isobutyrie derivative (m.p. 89°). Ton milligrams of each of 
these were placed on a  1.2 X 25 cm. column, and after develop­
m ent the blue zone was cut into 7 equal sections. The eluted 
m aterial from the two top  sections m elted a t  78.6-80° and 78- 
78.9° C., respectively. On rcchrom atographing these the m elting 
point was raised to  S l-8 2 0. The m aterial from the lowest sec­
tion of the first column melted a t 85-87°, thus placing the iso 
derivative beneath the norm al derivative. Isobutyrie p-phenyl- 
phenacyl ester showed only a  partial separation from the n- 
valeric derivative; the m aterial from the upper p a rt of the band 
melting a t  82-84° compared to  an  expected value of 88-S9.5° 
and th a t from the bottom  part melting a t  64-66° instead of 69° C. 
Although the n-valeric ester could no t be separated from iso­
valeric ester, isovaleric ester was separated from the m ethyl 
ethyl acetic ester. In  this case the la tte r appeared beneath the 
isovaleric. In tu rn  m ethyl ethyl acetic ester gave a  partia l sepa­
ration  from th a t of n-valeric. T rim ethyl acetic was separated 
from valeric, isovaleric, and n-caproic derivatives, and in  each 
case appeared a t  the bottom  of the blue zone.

Table I  lists the separations which have been accomplished with 
this method. By using the m ethod, i t  was possible to raise the 
melting point of the n-valeric derivative from 63.5 ° to  69 ° C. In  
addition, the p-phenylphenacyl ester of trim etliyl acetic acid has 
been prepared for the first time. I t  m elts a t 113.1-114° C.

S U M M A R Y

The p-phenylphenacyl esters when highly purified have a blue 
fluorescence in ultraviolet light. These derivatives can be sepa­
rated  from one another on silicic acid. E ach mem ber from acetic 
to  capric, inclusive, could be separated from the one preceding or 
following it, the higher carbon member always appearing a t the 
bottom  of the column. The iso acids w ith four, five, and six 
carbon atom s formed a  similar series. The isobutyrate derivative 
could be separated from the n-butyrate , b u t the isovalerate could 
np t be separated from the valerate ester. In  contrast w ith this, 
m ethyl ethyl p-phenylphenacyl acetate was separated from the 
isovalerate. The trim ethyl acetate was separated from the val­
erate, the isovalerate, and the n-caproate. N either the capric and 
undecylic, nor th e  lauric and myristic derivatives could be sepa­
rated.

By this method th e  melting point of the p-phenylphenacyl 
derivative of n-valeric acid has been raised from 63.5 to  69° C. 
T he p-phenylphenacyl ester of trim ethyl acetic acid m elts a t
113.1-114° C.
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n-V nleric-e thyl m ethy l acetic
n -V aleric -trim ethy l acetic
Isovaleric -e thy l m ethyl acetic
Isova ieric -trim e thy l acetic
Isovaleric-isocaproic
C aproic-isovaleric
C aproic-hepty  lie
C ap ro ic -trim e th y l acetic
Caproic-capryllic
H eptylH c-capryllic
H eptyllie-capric
C apryllic-pelargonic
C apryllic-capric
Pelargom c-capric



Determination of Specific Surface by Permeability 
Measurements

W IL L IA M  F. KEYES1, California Portland Cement Com pany, Colton, Calif.

The effect of varying porosity on air permeability of powders has 
been investigated. The present experimental data indicate that the 
relation between perm eability, specific surface, and porosity may be 
represented by the fo llowing modification of Kozeny's equation:

It- 3(1 +  a ) v
K - 15v 7 x

( - f ®
(1 -  0 2

For certain pulverized materials, such as ground limestone, quartz/

and portland cement,
1 + a

was found to be approximately 0 .11 .

TH E  industrial im portance of the s ta te  of subdivision of many 
substances has led to  the developm ent of various methods of 

determ ining particle size. The perm eability of beds of pow­
dered m aterials has recently been investigated as a property by 
which the particle size or specific surface of such materials may 
conveniently be measured.

Carm an (5) utilized the perm eability to liquids, while Gooden 
and Sm ith (<?), Lea and Nurse (3), and Blaine (3) used air as the 
perm eating fluid.

T he relationship, developed by Kozeny (7) and Caiman, upon 
which this work is based is

K
5r,S„2( l  -  *)2

( 1)

where K  =  perm eability of the porous medium or apparent 
linear rate  of flow (volume rate divided by bed 
area) per un it pressure drop (expressed as grams 
per sq. cm. per cm.) across the bed (cm.4 per gram 
sec.)

g — acceleration due to  gravity, cm. per sec.2 
6 =  porosity or fractional void of bed (dimensionless)
v — absolute viscosity of fluid, grams per cm. sec.
So = specific surface of powder, cm.2 per cm.3

Lea and N urse (3) developed an apparatus for measuring the 
air perm eability of powdered m aterials and modified Equation 1 
to express specific surface directly in terms of the apparatus 
constants and the m anom eter readings:

S w ' Ah,
'■ LC k:]

1/2

where S„
Pi
A
L
C
h,
hz

P iL d  -  <)2
=  specific surface, sq. cm. per gram 
- density of m aterial tested 

=  cross-sectional area of bed of material 
=  depth of bed
=  constant for flowmeter capillary 
=  m anom eter reading across bed 
=  m anom eter reading across capillary

(2)

Although C arm an has presented evidence tending to show th a t 
these equations are valid, and tha t variations of permeability

e3
•with porosity are represented by the porosity function, _

over a wide range, the work of Blaine (.?) and th a t of the Working 
Com m ittee on Fineness of A.S.T.M . Committee C-l on Cement 
(2) as well as prelim inary tests made in this laboratory have indi­
cated th a t for fine powders the permeability changes dispropor­
tionately w ith the porosity function.

Experim ents were m ade to determine the effect of varying 
porosity on the air permeability. The apparatus used was essen­
tially similar to th a t described by Lea and Nurse (9). 1  he per­
meability cell had  an inside diam eter of 1.69 cm., and was nlled 
to a depth of 3.00 cm. The capillary tube had a constant C —

1 P resen t address, Johns-M anville  Products Corp., Lompoc, Calif.

2.64 X 10~6. Correction was made for the resistance of the cell 
membrane, which was of the order of 1% of the resistance of the 
bed of powder, in the calculation of the ratio  of

For any given powder and cell S v, p i ,  A , L, and C in Equation 
2 m ay all be considered constant. Then E quation 2 m ay be 
written

(1 _  e)î/3 =  ke (3)

w here*  =  ( ^ ) 2/3( A ) 1/J

If the porosity function holds and Equations 2 and 3 arc valid, 
a plot of {hz/h,)1/ 3 ( 1  — e ) 5 / 3 versus e should yield a stra igh t line 
intersecting both axes a t the origin. The data  obtained on pul­
verized quartz powder of varying fineness are plotted in Figure 1, 
and the data  obtained on several other m aterials are plotted in 
Figure 2. In  general the points fall in straight lines intersecting 
the z-axis to  the right of the origin. In  the case of the pulverized 
quartz the intercept is independent of the fineness. These plots 
are entirely equivalent to  those of Powers (10), w h i plotted X

P O R O S I T Y  C  

Figure 1. Permeability of Pulverized Quartz

0,1 0.2 0 3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
P O R O S I T Y  e

Figure 2. Perm eability of Various Materials
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(1 — e )1/3 versus e, as Q, the volume rate, is proportional to the 
linear rate, and in the case of sedimentation the hydraulic 
gradient is proportional to the solids content (1 — e). Powers 
found th a t the bleeding of Portland cement pastes m ay be repre­
sented by a  relationship based on Kozeny’s equation if i t  is 
assumed th a t part of the fluid is immobile and does not flow. 
Steinour (IS) has also dem onstrated th a t the same relationship 
holds in the case of nonflocculated suspensions of emery powders 
and  has shown the probable explanation of this phenomenon to be 
simple stagnation of fluid behind angular particles—th a t is, 
failure of fluid stream  to trace out angularities of particles.

In  view of the similarity of these plots w ith those of Powers it 
would appear reasonable to  assume th a t the same inferences 
apply to  the flow of a fluid through a  bed of powder as apply to 
the sedim entation of powdered m aterials suspended in a  fluid. 
Then, following the work of Steinour, if i t  is considered th a t the 
immobile fluid s; is proportional to  the volume of solids—th a t is, 
c; =  a ( l  — e)—then e — a ( l — c) may be substitu ted  for e in 
Equation 1 to  yield

K  = g(l +  a) X (‘ - rrs)'
5vS f  (1 -  <)2

Similar substitution in Equation 2 yields

S „  —
14

P i
« + «>(• - r fr ) '

X
Ah,

LChi

(4)

<5)
(1 -  ey

• /  14 V /3 /  A  V / 3If, as before, it  is considered th a t ^ J  \ L C j  ~

Equation 5 m ay be w ritten

( £ ) ' " ( ,  1(1 +  a ) . / . ( . - r r a )  »>

A plot of the experimental values for (h ./h ,Y  / 3(\ — e)2/3 versus 
t  should yield a straight line. The slope of the line, m — k (1 +  
a )1/ 3, the intercept is a / ( l  +  o), and the specific surface,

The specific surface calculated in this m anner represents the 
surface of the envelope separating the flowing from the immobile 
fluid. This surface m ay be somewhat greater than  the true  sur­
face in the case of particles possessing no interior angles, or i t  may 
be substantially less in the case of particles possessing internal 
angles, pores, or fissures.

I t  will be seen th a t in the case of spherical zinc dust th e  in ter­
cept w ith the i-axis is the origin. This confirms Steinour’s finding 
of no immobile fluid in the sedim entation of spherical particles, 
and indicates th a t in this special case K ozeny’s equation is valid. 
In  the case of certain pulverized m aterials, such as ground lime­
stone, quartz, and portland cement, the intercept is < =  0.11 ap­
proximately. I t  is apparent th a t variations in shape of this class 
of particles are sufficiently small to  have a negligible effect on the 
proportion of immobile fluid, and th a t differences in fineness have 
no effect. However, in the case of materials of high porosity, the 
intercept is greater than  e =» 0.11 and is varying. I t  is probable 
th a t in addition to  immobile fluid due to  the angularity of the 
particles there is also immobile fluid contained in those internal 
pores and fissures which communicated w ith the surface. The 
practical consequence of these variations of intercept is to  require 
th a t perm eability measurements on a given powder be made a t 
sufficient porosities to  establish the intercept unless it  is already 
known.

Rigden (11) and Lea (S) believe nonuniform packing of the bed 
of powder to be the cause of the observed disproportionality,of 
perm eability to the porosity function. Although no proof to  the 
contrary is available from the air-perm eability experiments 
reported here, it is improbable th a t nonuniformity was a factor in 
S teinour’s nonflocculated emery powder suspension. In  addi­
tion, comparative fineness tests on portland cements using the 
apparatus described here and using the Blaine (4) apparatus 
gave excellent agreem ent when calculated by E quation 5 and the

Tabic 1. Specific Surface of Various Materials
M aterial Surface

Sq. cm ./g.
Pulverized q u a rtz  1 626
Pulverized qu artz  2 958
Pulverized qu artz  3 1430
Pulverized q u a rtz  4 5000
Pulverized q u a rtz  5 , 6330
Zinc duat 1400
P ortland  cem ent 2570
G round lim estone 5800
H y d ra ted  lim e 5800
D iatom ite 6340

Table II. Comparison of M ethods of Calculating Surface of Portland
Cement

M ethod

W agner tu rb id im eter 
E quation  2, e => 0 .47  
E quation  2, « » »0 .50  
E quation  2, < =* 0 .53  
E quation  2, « — 0 .5 6  
E quation  7

R atio  to
Surface W agner Surface

Sq. cm ./g .
1870
3670 1.96
3510 1 .88
3410 1.82
3350 1.79
2570 1.33

equivalent equation for the Blaine apparatus, regardless of the 
porosity of test. I t  is thought improbable th a t if nonuniform 
packing were present to  any effective degree its  m agnitude should 
be dependent only on the p o r o s i ty  and no t on the dimensions of 
the cell.

The possibility th a t the observed phenomena m ight result from 
simple adsorption of fluid on the surface of the particles is thought 
to be elim inated by the fact th a t the ratio  of immobile fluid to  
solid volume was observed no t to  increase w ith increasing surface 
area and by the fact th a t the fluid layer of any reasonable thick­
ness can be calculated to  possess a volume too small to  be de­
tected by the methods used. Capillary a ttraction  in the inter­
stices m ay likewise be eliminated by the fact th a t  no increase is 
observed w ith increasing surface area and by the absence of the 
effect in the case of spherical particles.

The specific surfaces of the m aterials shown in Figures 1 and 
2 were calculated by Equation 7 and are given in Table I. The 
surface of the portland cement calculated from the da ta  a t each 
porosity by E quation 2 and th a t determined by the W agner 
turbidim eter (1) is compared with th a t calculated by Equation 7 
in Table II . Surfaces obtained by other sedim entation and 
elutriation methods by Roller and Roundy (IS) and others are 
usually higher than  those given by the W agner turbidim eter by 
factors of from 1.2 to  1.5, and application of Equation 5 or 7 
yields similar values.
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Factors Influencing Estimation of Free Fatty Acids in 
Dried Egg Powders

L E O  K L IN E  A N D  C. M . J O H N S O N , Western Regional Research Laboratory, U . S. Department of Agriculture, A lb a n y , Calif.

A t  the normal p H  of dried whole egg, fatty acids liberated during 
storage are incom pletely estimated by the A .O .A .C .  procedure for 
determination of acidity of the ether extract. In addition, the con­
tribution of the extracted cephalin to the acidity of the ether extract 
may obscure significant percentage increases in the free fatty acidity 
of the egg powder. The necessity for drying the egg powder as 
required in the A .O .A .C .  procedure is re-emphasized.

the liberated fa tty  acid, whether present as the free acid or the 
salt. A t the pH  of freshly dried whole egg (8.5 to  9) i t  is conceiv­
able th a t the fa tty  acids liberated daring storage, being weak 
acids, would react w ith the egg buffers to form salts. These 
salts—e.g., sodium oleate— would not, of course, contribute to  
the acidity of the ether extract, and the result would bo incom­
plete measure of lipolysis.

A C U R R E N T  study in  this laboratory of lipolytic activity 
in  stored dried egg powders necessitated the use of a spe­

cific m ethod for measuring glyceride hydrolysis. The method of 
the Association of Official Agricultural Chemists for the acidity 
of the ether extract of dried egg powder (2, page 314) has been 
generally used for this purpose and the results obtained have 
been reported variously as free fa tty  acids or as increases in the 
acidity of the ether extract (3, Ą, 5 ,1 1 ,1 9 ). Briefly, this method 
consists of drying the egg powder to constant weight a t 55° C. 
and under a  pressure no t exceeding 125 mm. of mercury. Sam­
ples of about 2 gram s each are extracted with anhydrous ether, 
the ether is evaporated, and the residual oils are weighed and dis­
solved in  neutral benzene and 'titra ted  to  the phenolphthalein end 
point w ith 0.05 N  sodium ethylate. The preliminary drying of 
the powder has been deemed unnecessary and omitted by several 
investigators (5, 5, 11).

T he da ta  presented here show th a t the indiscriminate use of 
results thus obtained, as a measure of either lipolysis or free fatty  
acid content, m ay be misleading.

M E TH O D S

Phosphorus was determ ined according to  the method of Allen 
( /) . The micro-Kjeldahl procedure was used for total-nitrogen 
determ inations. Amino nitrogen was determined by the Van 
Slyke m anom etrie method, w ith 3-minute reaction times; d,l- 
alanine (M erck’s) standards were assayed with each run. The 
formol titra tion , carried ou t electrometrically with the Beckman 
Laboratory Model pH  m eter, was also used to evaluate amino 
nitrogen; ethanolam ine (redistilled) standards assayed by this 
procedure were titra ted  to  the extent of 82%  and this correction 
factor was therefore applied. Choline was determined by the 
reineckate m ethod as modified by Glick (IS). The pH of dried 
egg powder was evaluated w ith the Beckman meter on an emul­
sion of 1 gram w ith 3 grams of boiled distilled water. Apparent 
moisture content of the egg powder was determined by the A.O.­
A.C. method (S, page 308).

RESULTS

I n c o m p l e t e  R e c o v e r y  o f  F a t t y  A c id s . T o e s t im a te  t h e  
t o t a l  s p l i t t i n g  o f  g ly c e r id e  l in k a g e s  i t  i s  e s s e n t ia l  to  d e te rm in e

Table I. Recovery of A d d e d  O le ic  A c id

5 100 
<

Added
R esu ltan t D ried Egg, RecoveredpH 1 G. Egg -f- 

3 G. H*0
A cidity  of

Oleic Acid (L iquid) E th e r  E x trac t Oleic Acid
M g ./ Mg. oleic acid/ M g./2  g. %

2 g. egg 2 g. egg egg
0 7 .7 8 .9 15.10

5 .55  579 .7 7 .4 8 .7 20.65
2 3 .8 7 .2 8 .4 29.95 14.85 62
3 7 .7 7 .0

A djusted
p H

(L iquid)

8 .0 39 .00 23.90  63

0 4 .5 4 .5 22 .7
9 A  999 .5 4 .5 4 .5 32.1

2 3 .4 4 .5 4 .5 45 .3 22 .6  97
3 7 .7 4 .5 4 .5 58 .5 3 5 .8  95
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Relation between p H  and Recovery of O le ic  
from Dried Egg by A .O .A .C .  M etho d

A c id

To determine the recovery of fa tty  acids as a function of the 
pH  of dried egg, known amounts of oleic acid were added in 
ether solution to  aliquots of whole fresh eggs, the m ixtures were 
adjusted to various pH  levels by  the careful addition of 3 AT hy­
drochloric acid, and the samples were lyophilized (dried in th e  
frozen sta te  under high vacuum). Oleic acid was used, since 
i t  has been reported to  constitute about 50%  of the egg fa tty  
acids (7, 17), and titra tion  curves run  in  this laboratory have 
shown the m ixture of egg fa tty  acids to have approximately 
the same pK  as oleic. The dried egg powders contained 27 mg. of 
added oleic acid per 2 grams.

The oleic acid solution was checked against standard  sodium 
ethylate. A set of controls, containing no added oleic acid, was 
prepared from the same batch of egg to cover the same range of 
pH. A t least three 2.0-gram samples of each preparation were 
extracted wdth anhydrous ether for 4 hours in Soxhlet extractors 
and the acidity of the ether extracts was measured by the A.O.­
A.C. method.

The results are shown in Figure 1. T he recovery of the added 
oleic acid a t  any pH  was determined graphically by the difference 
in the acidity of the ether extracts of the control and the sample con-. 
taining added oleic acid. Thus i t  was found th a t approximately 
55 to 60%  of the added oleic acid was recovered a t  th e  pH  of 
freshly dried egg and th a t acidification below pH  5 was necessary 
to obtain essentially complete recovery.

T h a t the pH  change, which would be effected by  the liberation 
of free fa tty  acid, is insufficient to  increase the recovery appre­
ciably is exemplified by the data  in Table I, showing incomplete 
bu t slightly increasing recoveries w ith increasing am ounts of 
added oleic acid. The recovery from samples prepared from the 
same batch of egg, b u t acidified to  pH  4.5 prior to  drying, is es­
sentially complete.

D i s t r i b u t i o n  o f  A c id it y  o f  E t h e r  E x t r a c t . From  Figure 
1 i t  is evident th a t the ra te  of increase of oleic acid recovery w ith
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Table II. Analyses of Ether-Extracted O ils
0.05 Ar Sodium  E th y l a te N itrogen Phosphorus M olecular R atio , N /P

W hole Acetone- A cetone- Whole A cetone- Acetone- W hole A cetone- Acetone- Whole Acetone- Acetone-
Egg H jO oil soluble insoluble oil soluble insoluble oil soluble insoluble oil soluble insoluble Oil Yiel

% M g./g . M g ./0. M g./g . %
Spray-dried Aa 4 .6 1.24 0 .44 7 .04 2 .34 0 .3 2 17.2 4 .4 8 0 .52 33 .5 1.15 1.36 1.13
Spray-dried  Ba 3 .7 1.41 0 .4 8 7 .1 0 2 .92 0 .39 18.6 5 .12 0 .56 33.4 1.25 1.55 1.23
Lyophilized0 1.7 1.45 0 .43 8.44 2 .26 0 .24 16.0 4 .62 0 .4 2 33 .3 1.09 1.27 1.06
A, stored® 5 .6 4 .0 0 3 .7 2 6 .32 2 .2 2 0 .5 9 15.9 4 .5 8 1.14 33 .6 1.07 1.14 1.06
Spray-dried  A* 1.08 0.41 7 .8 2 1.89 0 .3 3 17.7 3 .7 0 0 .6 0 3 5 .0 1.13 1.22 1.12 3 7 .0
Spray-dried  B 6 1,22 0 .4 6 7 .0 6 2 .5 2 0 .3 8 18.8 4 .4 8 0 .62 33 .9 1.24 1.35 1.23 37 .1
Lyophilized6 1.22 0.41 8 .01 2.01 0 .33 16.0 4 .0 5 0 .5 5 33 .3 1.10 1.33 1.05 3 7 .7
A, s to red 6 3 .6 0 3 .33 5 .9 5 1.93 0 .5 6 15.6 3 .93 0 .9 6 33 .6 1.09 1.29 • 1.03 3 6 .8

° E x tracted  w ithou t p relim inary  drying.
6 E x trac ted  a fte r d ry ing  24 hours a t  55° C. and  less th an  3 m m. of H g; residual m oisture con ten t, approx im ately  0 .8 % .

decreasing pH  is considerably greater than  the ra te  of increase 
in the acidity of the ether extract of the controls, thus indicating 
th a t the acidity value for freshly dried whole egg is, a t  least 
partly , a ttribu tab le  to  some constituent other than  free fa tty  
acid. This interpretation is confirmed by reports in the literature 
and by experiments, described below, th a t point to egg cephalin 
as th is constituent. T h a t cephalins ac t as monobasic acids which 
are completely titra ted  in solvents of low dielectric value, w ith 
phenolphthalein as indicator, has been observed previously, 
mainly w ith anim al cephalins (9, IS, 18). Jukes (16) found the 
alkali-binding capacity of egg phospholipid dissolved in 98%  
alcohol to be equivalent to  the cephalin content as estim ated by 
amino nitrogen determ inations. Lecithin under similar titra ting  
conditions has no alkali-binding capacity. The distinction be­
tween tho ether-soluble egg phospholipids, lecithin and cephalin, 
lies in the nature of the base—choline in lecithfh and ethanol- 
amnfo in cephalin. The cephalin fraction of anim al phospho­
lipids has been reported to contain phosphatidyl serine and in­
ositol in addition to  phosphatidyl ethanolam ine (6, 10); Chargaff, 
Ziff, and R ittenberg (6), however, found no appreciable amino 
acid nitrogen in  egg phospholipid. W hen w ritten  as the zw itter- 
ion structure, they  m ay  be represented, according to  Fischgold 
and Chain (9), as follows:

Cephalin

RO—p / °  +
^  X ) — C H 2— C H 2— N H j

Lecithin

/ ° “RO—P <  +
0 — C H 2— C H 2— N ( C H ,) ,

The quaternary ammonium cationic group in  lecithin is the 
ion of a very strong base and is no t titra ted  in the A.O.A.C. 
method, whereas the prim ary amino group of cephalin is the cat­
ion of a weak base and is completely titra ted  to the — N H 2 form 
by sodium ethylate.

T o determine the extent to which egg cephalin 
contributes to  the acidity of the ether extracts, ex­
trac ts prepared from four egg powders were ana­
lyzed. Two of these were commercially spray-dried 
products; one was prepared in this laboratory by 
lyophilizing whole-egg mix from several dozen 
Grade A fresh eggs; the fourth was a commercial 
spray-dried powder containing 5%  moisture which 
had been stored a t  98° F . for 9 months. Ex­
tractions were made a t  the moisture level of the 
samples as received, and also after a  preliminary 
drying (Table II ) . Approximately 80 grams of 
each preparation were extracted w ith anhydrous 
ether in a  Soxhlet extractor for a  period extending 
2 to  3 hours after th e  extracts appeared colorless. 
The extracts were centrifuged to  remove any ether- 
insoluble m aterial passing through the paper ex­
traction  thimbles. The ether was evaporated on the 
steam  bath  and  traces of solvent were removed by

drying in a  vacuum  oven a t  70° C. and 3 mm. of mercury for 1 
hour. To a  20-gram portion of each oil were added 180 ml. of 
ice-cold acetone and the turbid  m ixture was allowed to stand  2 
hours in an ice-water bath. I t  was then centrifuged and  the ace- 
tone-insoluble portion twice kneaded in 10-ml. portions of ice- 
cold acetone and centrifuged. The supernatant acetone solutions 
were combined and the solvent was removed from both fractions 
by evaporation on the steam bath, followed by vacuum-oven 
drying.

Yields, acidity, nitrogen, and phosphorus values for the whole 
oils and the fractions prepared therefrom are given in Tables I I  
and I I I .  T he upper half of each table contains data  for the eggs 
extracted w ithout the preliminary diying. The acidities were 
determ ined by titra tion  of benzene solutions to the phenolphtha­
lein end point.

F or the oils obtained from the tlmee.unstored egg powders, the 
acetone-insoluble fraction represents about 13% by weight of the 
original oil b u t contains about 70% of the acidity. This material 
is essentially phospholipid, as evidenced by the nitrogen and 
phosphorus contents and ratios. The slightly low nitrogen and 
phosphorus values are not unexpected, since im purities such as 
sa tu rated  triglycerides are removed w ith difficulty from the 
phospholipid by acetone trituration  (14, 20). The acetone-insol­
uble fraction from the stored egg powder represents 11% of tho 
oil bu t contains only 17% of the acidity.

T he acetone-soluble fractions, containing the  free fa tty  acids, 
represent 26 to 32%  of the original acidity for the unstored eggs, 
and 83%  for the stored eggs, indicating largo am ounts of free 
fa tty  acid in th e  la tte r  sample. P a rt of the acetone-soluble 
acidity m ay still be due to  phospholipid, since about 10% of the 
nitrogen and phosphorus of the oils from the unstored egg pow 
dors and 23%  for the oil from the stored sample remain in this 
fraction. The higher nitrogen and phosphorus content of this 
la tte r  sample m ay bo attribu ted  to the increased solubility of the 
phospholipid in  acetone im parted by  th e  presence of large 
am ounts of free fa tty  acid (15). I t  is difficult to  account for the 
very considerable deviation of some of the nitrogen-phosphorus 
ratios from 1.0; however, as is shown later, these high ratios do

Table III.

Egg

Spray-dried  A° 
Spray-dried  B° 
Lyophilized“
A, s to red0
Spray-dried  A b 
Spray-dried  B& 
Lyophilized*
A, stored*»

Distribution of A c id ity , N itrogen, and Phosphorus in Ether- 
Extracted O ils

Y ield of A cidity , N itrogen, Phosphorus,
W hole Oil, % %  of T o tal %  of T o tal % of T o ta l
Ace- Ace- Ace- Ace- Ace- Ace- Ace- Ace-
tone- tone- tone- tone- tone- tone- tone- tone-
solu- insolu- solu- insolu- solu- insolu­ solu- insolu-

H jO ble ble ble ble ble ble ble ble
%

4 .6 8 8 .5 12 .0 31 68 12 88 10 90
3 .7 85 .9 13.9 29 71 12 88 9 91
,1 .7 87 .2 12 .8 26 74 9 91 8 92
5 .6 89 .3 10 .7 83 17 23 77 22 78

9 1 .0 9 .0 35 65 16 84 15 85
88 .7 11.6 33 67 13 87 12 88
89 .4 10 .7 30 70 15 85 12 88
90 .8 9 .1 85 15 26 74 22 78

°  E x trac ted  w ithou t p relim inary  drying. 
b E x trac ted  a fte r d ry ing  24 hours a t  55° 

con ten t, approxim ately  0.8 % .
C. an d  less th a n  3 m m . of K g; residual m o istu re
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Table IV . A lkali-B ind ing  Capacity and A m ino  Nitrogen of 
Acetone-Insoluble Fractions

M itlicquiv.'ilenU per G ram

Egg
Spray-dried A 
Spray-dried B 
Lyopbilized 
A, s tored

So­

Van
Slyke
N H 2N

Form ol
NIIaN

Van
Slyke
NHsN

(un-

%  of T o tal N 
Van

So- Slyke

as N IIjN 

Form ol
dium (hy- (hy­ by- dium (hy­ (hy­
e th y ­ dro- d ro ­ dro- e thy ­ dro­ dro­
la te lyzed) lyzed) lyzed) la te lyzed) lyzed)
0 .3 5 0 .39 0.41 0 .27 30 32 33
0 .3 6 0 .3 9 0 .37 0.31 27 29 28
0 .4 2 0 .44 0 .44 0.40 37 38 38
0.31 0 .2 8 0 .30 0 .10 27 25 28

not invalidate the conclusions to  be drawn as regards the con­
tribu tion  m ade by cephalin to the apparent acidity of the acetone- 
soluble oil.

The lower halves of Tables I I  and I I I  show th a t drying prior to 
e ther extraction results in appreciably lower acidities of the ether 
extracts. T his result is correlated w ith the lower percentage of 
phospholipid in  these oils. The effect of the moisture content of 
the egg a t  the tim e of extraction on the resulting acidity of the 
ether extract will be discussed in more detail later.

A l k a l i -B i n d i n g  C a p a c it y  a n d  A m in o  N it r o g e n  o f  A c e ­
t o n e - I n s o l u b l e  F r a c t i o n . I t  has been determined th a t ap­
proximately 70%  of the acidity of the ether extract from fresh 
egg powders resides in  the acetone-insoluble (phospholipid) frac­
tion of the extracted oil. Presumably, under the conditions of 
extraction and subsequent titration, the primary amino group 
of the cephalin constituent is responsible for the alkali-binding 
capacity, since no other reactive compounds have been reported 
in  egg which would appear in this fraction. The amino nitrogen 
content was determined according to the method of Van Slyke, 
on weighed portions dissolved in glacial acetic acid and on ali­
quots of hydrolyzed m aterial, and also by the formol titration 
m ethod on the hydrolyzate.

For th e  hydrolysis, weighed portions of the phospholipid were 
refluxed w ith 2 N  sulfuric acid for 48 hours; the fa tty  acids were 
removed by filtration and washed with ho t 2 N  sulfuric acid and 
the filtrate was m ade up to  volume. The data given in TablS IV  
show satisfactory agreem ent between the equivalents of alkali- 
binding capacity and amino nitrogen content as determined on 
the hydrolyzed phospholipid. Thus, for the acetone-insoluble 
fractions obtained from the unstored spray-dried powders, both 
the alkali-binding and amino nitrogen equivalents indicate th a t 
about 30%  of the to ta l nitrogen exists as cephalin. For the lyo- 
philized egg sample, the value is higher, both measurements in­
dicating a  cephalin content of about 38%. The Van Slyke values 
on the unhydrolyzed phospholipids are lower, notably so for the 
stored egg powder. This finding is in agreement with the report 
of Chargaff et al. (6) th a t the amino nitrogen of various phospho­
lipid preparations, including egg, decreased on storage, bu t th a t 
hydrolysis of the stored preparations gave considerably higher 
values. The agreem ent between the sodium ethylate equivalence 
values for the unhydrolyzed phospholipid and the amino nitrogen 
values for the hydrolyzed phospholipid suggests th a t the disap­
pearance of the amino group m ay have been due to the formation 
of an amide th a t is easily hydrolyzed by alkali. Chargaff et al.
(6) postulated amide form ation in their study bu t did not test its 
lability to  alkali.

A c id it y  o f  A c e t o n e - S o l u b l e  F r a c t io n s . I t  has been noted 
(Table I I I )  th a t about 10% of the  nitrogen and phosphorus in 
the ether-extracted oils from the unstored egg powders remained 
in the acetone-soluble fractions. In  order to  correct the acidity 
of this fraction for nonfree-fatty-acid acidity, the cephalin con­
ten t was estim ated by  amino nitrogen determinations and also 
by determining the difference between equivalents of total phos­
phorus and choline. The analyses were carried out on hydroly- 
zates prepared by autoclaving weighed portions of the acetone-

soluble oils in 3 N  hydrochloric acid for 4 hours a t  250° F .; the 
fa tty  acids were removed w ith ether. From  the average value 
of the two independent determinations (Table V) cephalin was 
found to  represent about 23% of the acidity of the acetone- 
soluble fractions of the fresh egg oils, leaving the bulk of the acid­
ity  to  be accounted for by free fa tty  acids. The acetone-soluble 
fraction from the stored egg powder contained less than  3%  of 
its acidity as cephalin; the free fa tty  acid content was approxi­
m ately 10 times th a t for the corresponding fractions for the un­
stored egg powders.

Converted back to  the whole oil basis, the data  of Table VI 
show th a t no t more than  about 22 to  26%  of the acidity of the 
ether extract from fresh egg powder is due to  free fa tty  acids.

Table V .  A lka li-B inding Capacity of A cetone-Soluble Fractions
(M illiequivalents per G ram  of A cetone-Soluble Oil) X 20

Egg
Spray-dried A 
Spray-dried B 
Lyophilized 
A, s tored

“ T o tal m illiequivalents of phosphorus per gram  of acetone-soluble oil 
m inus m illiequivalents of choline per gram  of acetone-soluble oil taken  to  
equal m illiequivalents of cephalin; assum ed th a t  only negligible am oun ts of 
phospholipid o ther than  lecith in  and  cephalin a re  p resent.

& M ean of values in  columns 2 and  3.

Table V I .  Summary of A c id ity  Fractionation

Choline
T o tal P  — 
choline“

Form ol
N jljN

Na
e th y la te

A pproxi­
m ate 

cephalin &

N et
free

fa tty
acids

0 .27 0 .12 0 .085 0 .41 0 .1 0 0 .31
0 .29 0.11 0 .080 0 .4 6 0 .1 0 0 .36
0 .24 0.11 0.092 0 .41 0 .1 0 0.31
0.55 0 .07 0.081 3 .33 0 .0 8 3 .25

M l. of Acidity  D ue to %  of A cid ity  D u V kO
Sodium Ace- Ace- Ace- Ace-

E th y la te tone- tone- tone- tone-
(0.05 N) insolu- solu- insolu- solu-
per G ram ble ble Free bie ble Free
of E th e r cepha­

lin
cepha­

lin
fa tty cepha­

lin
cepha­

lin
fa tty

Egg E x trac t acids acids
Spray-dried

A 1.08 0 .7 0 0 .0 9 0 .28 65 8 26
Spray-dried

B 1.22 0 .8 2 0 .09 0 .32 67 7 26
Lyophilized 1.22 0.86 0 .09 0 .2 7 71 7 22
A, stored 3 .6 0 0 .5 4 0 .0 8 2.97 15 2 83

M o is t u r e  C o n t e n t  a n d  A c id it y  o f  t h e  E t h e r  E x t r a c t . 
Vacuum-oven drying of the four egg powders before extraction 
w ith ether resulted in appreciably lower acidities of the ether ex­
tracts and the data  showed th a t this lower acidity was correlated 
with reduced phospholipid content of the oil. Additional data 
were obtained on one batch  of egg powder adjusted to  four mois­
ture levels. A commercial spray-dried powder was dried in a 
vacuum oven a t  55° C. with a  pressure of about 3 mm. of mer­
cury for 24 hours, resulting in a powder containing 0.86% mois­
ture. Portions of this powder were adjusted to 0.31, 1.75, and 
4.99% moisture by being held over Anhydrone, 71%  sulfuric 
acid, and 51% sulfuric acid, respectively, in evacuated desicca­
tors. E ther extracts were obtained as before. W ith increasing 
moisture content the acidity of the ether extract increases. This 
can be correlated w ith increased phospholipid extraction, as evi­
denced by greater acetone-insoluble nitrogen and phosphorus 

' contents of the oils (Table V II). The acetone-soluble oil yield is 
no t appreciably affected. Thus, if we assume th a t the increased 
phospholipid extracted contains cephalin, i t  is apparen t th a t 
the increased acidities are a ttribu ted  to increased extraction of 
phospholipid.

DISCUSSION

The incomplete extraction of liberated fa tty  acids results in 
low absolute values for increases in fa tty  acidity of the egg powder 
during storage or lipolysis studies. T his source of error can be 
elim inated by reconstituting, acidifying to  pH  4.5, and drying 
th e  egg in the frozen state under vacuum, prior to  extracting the 
oil.
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Tabic V I I . A c id ity  and Composition of Ether Extract as Related 
to Moisture Content

0.05 N D ry  Egg Basis W hole Oil Basis

HsO

Sodium  E th y l- 
a te  per 

G ram  of 
E th e r E x trac t

Ace- 
# tone- 
insolu­

ble

Ace- • 
tone- 

soluble

Ace-
tone-

insolu*
ble

Ace­
tone-

soluble N P
% M l. % % % % % %

0.31 0 .93 3 .5 33 .2 9 .5 90 .5 0 .178 0.352
0 .8 6 1.08 3 .5 32 .7 9 .8 90 .2 0 .195 0 .362
1.75 1.17 4 .0 32 .7 10.8 89 .2 0.204 0.382
4 .9 9 1.28 4 .7 33.1 12.4 S7.6 0 .210 0 .458

In  the measurem ent of the free fa tty  acid content of egg oil, and 
of anim al lipoids and certain vegetable oils, the alkali-binding 
capacity of cephalin m ust be taken into account, since in m any 
cases it constitutes the m ajor portion of the acidity of the whole 
ether extract. This fact was recognized recently by H u tt and 
W eathernll (15) in estim ating the free fa tty  acid content of com­
mercial lecithins and by Fairbairn (8) in lipolytic enzyme studies 
on phospholipids. Acetone precipitation suffices to remove the 
greater portion of the cephalin and, if complete elimination of 
cephalin is deemed necessary, alcoholic magnesium chloride in 
conjunction with acetone can be used (8, 14 ).

In  egg oil, the cephalin contributes a  large portion (60 to 70%) 
of the acidity of the whole ether extract, thus obscuring signifi­
cant percentage increases in the free fa tty  acidity of the egg—
i.e., the percentage increase in the acidity of the whole ether ex­
trac t m ay be relatively small while there m ay be a significantly 
large increase in the free fa tty  acidity. For example, as shown in 
Table IV, the difference between the acidities of ether extracts of 
lyophilizcd (unstored) and stored egg was about 3-fold; correc­
tion for the cephalin tite r increased this to greater than  10-fold.

Interpretation of the acidity of the ether extract is further com­

plicated by the variable ether extraction of cephalin a t  different 
moisture levels (Tables I I  and V II). Difficulty in obtaining re­
producible results on the same lot of egg powder a t  the same mois­
ture level, due to inconsistent extraction of phospholipid, has 
been observed.
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Determination of Carotenoids and Lipid Am ine-Aldehyde  
Products in Dehydrated Egg

H . J. D U T T O N 1 a n d  B. G . E D W A R D S  

Western Regional Research Laboratory, U . S. Department of Agriculture, A lb a n y , Calif.

A  spectrophotometric method for the determination of carotenoid 
content and a fluorometric method for the determination of ether- 
soluble brown products in powdered eggs are described. The de­
velopment of brown lip id  substances in stored egg powders introduces 
errors into the direct photometric measurement of carotenoids; 
however, these errors are minimized by the spectrophotometric 
procedure described. Both determinations can be performed upon 
a single ether extract of egg powder.

LOSS of carotenoid indicates oxidative degradation in  stored 
egg powder (1). The concentration of fluorescent lipid 

amine-aldehyde products in egg powders is also of interest, since 
recent studies have found correlation coefficients between lipid 
fluorescence values and palatability  of —0.79 to  —0.98 (9).

In  connection w ith the research program on the evaluation of 
miscellaneous egg powders in  this laboratory, the quantitative 
m ethods described below were devised for determ ination of 
carotenoids and brown products. Previously published methods 
for spectrophotom etric determ ination of carotenoids in  dehy­
drated  egg (6, 8) have involved saponification and isolation of the 
carotenoids in  the unsaponifiable fraction. T his step has been

1 P resen t address. N o rth e rn  R egional R esearch  L abora to ry , Peoria , 111.

desirable, since brown substances in lipid extracts of stored pow­
ders interfere w ith spectrophotom etric determ ination of carote­
noid. Brown substances, including the lipid amine-aldehyde prod­
ucts, can be separated from the carotenoids by saponification 
and solvents partition; the lipid amine-aldehyde products have 
been measured spectrophotometricnlly and fluorometrically in 
the acid aqueous portion of the saponifiable fraction (1, 8).

In  the present paper a  combined spectrophotom etric and 
fluorometric m ethod is presented by which carotenoids and lipid 
amine-aldehyde products can be determined directly upon the 
ether ex trac t of egg powder w ithout recourse to  saponification 
and solvents partition.

SPEC TRO PH O TO M ETRIC  M E T H O D  FOR C A R O T E N O ID  C O N T E N T

T he problems of spectrophotom etric determ ination of carote­
noids in ether extracts of stored egg powders can be illustrated  by 
the absorption curves of Figure 1. The absorption curve of th e  
sample stored for 9 m onths a t  15° F . is hardly  distinguishable 
from th a t of a  freshly dehydrated egg. In  the sample stored for 
9 m onths a t  98° F . the carotenoid m axima are barely visible 
when superimposed upon the broad general absorption band of 
brown substances. I t  is obvious th a t  calculation of carotenoid 
content from the observed density a t  a  single wave length, while 
justifiable in  the case of the sample stored a t  15° F., would in tro -
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Since the absorption coefficients of the brown 
m aterial appear in liquation 4 only as the ratio

— values for the individual coefficients are
D 445

The ratio used is obtained on

an
unnecessary.

extracts of egg powders in  which brown sub­
stances had developed and carotenoids had been 
largely destroyed. Correction is made for ab­
sorption due to the small amounts of remaining 
carotenoids by drawing through the region of 
carotenoid absorption a  hypothetical curve (the 
dotted line of Figure 1) representative of absorp­
tion due to brown products only. The position 
of this curve on either sicle of the range of carote­
noid absorption is given by the height of the 
to ta l lipid extract curve; its shape conforms to 
w hat is known of the absorption curve of brown 
lipid materials in egg (1). The average value

„its
thus found for the ratio  ■ : was 0.395 in six de-

term inations which ranged from 0.37 to 0.45.

A slightly lower value for this ratio  was ob­
tained by the following method. The carotenoid 
contribution to  to ta l density a t  XX 445 and 380 m/i 
was estim ated as the to ta l densities of the un- * 
saponifiable fraction a t  these wave lengths (1). 
These densities were subtracted from the cor­
responding densities of the to ta l extract to give 
densities due to  brown substances alone, from 

<*a4"which the ratio : was calculated. However,

WAVE LENGTH ( m i l )

Figure 1. Absorption Spectra of Ether Extracts of Egg Powders Stored

X380 mu and X445 mn arm indicated by vertical liner. Dotted line is a hypothetical curve 
absorption due to brown products alone

duce large errors in the case of the sample stored a t the higher 
tem peratures.

T he spectrophotom etric method described here is based on the 
assum ption th a t  absorption by ether extracts of egg powders is 
due to  two components, the carotenoid pigment and the brown 
substances which develop during storage. Each of these com­
ponents is actually  a  complex mixture of substances of similar 
absorption properties. T he simplification of considering the ab­
sorbing system as a b inaiy  mixture permits a  rapid, reliable spec­
trophotom etric determ ination of carotenoid content.

D ensity measurem ents are made a t  XX 380 and 445 mg, corre­
sponding to  a  minimum and a maximum, respectively, in the 
carotenoid absorption curve. These densities can be expressed 
by the usual sim ultaneous equations for a  binary mixture to 
which the Beer-Lam bert law is applicable (6):

9 Months 

representing

the graphic method of correcting for residual 
carotenoid content is preferred because i t  is not 
influenced by any loss of carotenoid by isomeriza­
tion or destruction during saponification.

The value used for the absorption coeffi­
cient, a*446 =  255.5, is Zscheile’s for lutein 
in ethanol (10). Since the absorption of egg 

carotenoids in ether was found no t to  differ significantly from 
th a t in ethanol, the use of Zscheile’s value would introduce 
little  error. However, calculation of a  coefficient for a  3 to  1 
mixture of lutein and zeaxanthin as performed by Schrenk (8) 
would give a  slightly lower result.

The coefficient a 380 was estim ated by measuring the ratio  of
T )4 4 5

densities on various freshly dehydrated egg samples contain- 
JJ330

ing no brown substance. The average of 25 determ inations was 
3.65. By combination of this average w ith the figure above for 
a ,« 4 the value ax380 =  70 is obtained. Substitution of these 
numerical values into Equation 4 gives finally the carotenoid con­
ten t in grams per liter.

D 448 =  <v*4« Ct l 4- as'** CbI (D

D 380 =  a , 111 Cxl +  ora380 CBl (2)

x  and B  refer to  carotenoid and brown pigment, respectively;
the num bers refer to  the wave lengths; D, a, C, and I have their
usual meanings of density, absorption coefficient, concentration, 
and p a th  length, a  as used here is definid by the equation

D 445 -  0.395 D 38“ 
227.8 (5)

Solution of Equations 1 and 2 for C b  is no t useful a t  present, 
since there is no satisfactory method of finding absolute values 
of the absorption coefficients a a 888 and a  a380. However, relative 
values of the concentration of brown substances can be found 
by using Equation 2 (with I =  1 cm.) in the form

■vX —

D a380 =  a a 380 CB =  D 380 -  70 Cz ( 6)

x Dx
Cl Cl (3)

Since a p a th  length of 1 cm. was used in these experiments, the 
solutions of E quations 1 and 2 for carotenoid content can be 
w ritten

D 446
Cx =

Z aa^X
W 8V

D 380

/ * a 888\
U a 380/

(4)

Investigations made for the purpose of evaluating this method 
have shown th a t the quantity  D a380 increases during storage a t 
low tem peratures while the fluorescence value described below 
remains constant. T hus the value D a350 probably does no t meas­
ure the same m aterial th a t is determined by the fluorescence 
value. T he spectrophotom etric procedure for determ ination of 
lipid amine-aldehyde products cannot be recommended therefore 
before the completion of further studies designed to  improve its 
specificity.
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CONCENTRATION OF 
EGG LIP ID S ( m g / m l : )

Figure 2 . Change in Fluorescence V a lu e  
with Concentration of Brown Lipids from 

Stored Egg

Open circles represent ether solutions of stored 
egg lipids. Half-Riled circles show amount of 
deviation caused by introduction of crystalline 
a-carotene in concentration equivalent to that of 
carotenoid in extracts of average unstored egg 

(approximately 50 MS./s'ani of powder)

FLU O R O M E T R IC  M E T H O D  FOR B R O W N  LIPID A M IN E -A L D E H Y D E  
PRODUCTS

Previous work has dem onstrated th a t the lipid amine-aldehyde 
products are primarily responsible for the fluorescence observed ■ 
in ether extracts of dehydrated egg (1). Development of a fluo- 
romctric method for estim ating these products requires some 
general information about fluorometric behavior of egg extract 
as well as a practical technique for controlling extraneous fluores­
cence.

In  the develop­
m ent of the pro­
cedure, the influ­
ence of two factors 
upon the fluores­
cence value of ex­
tracts of egg lipids 
has been studied: 
the effect of varia­
ble carotenoid con­
ten t in lipid extracts 
and the effect of 
dilution upon the 
measured fluores­
cence value. In  the 
p ro c e d u r e  herein 
described the fluo­
rescence value is 
defined as fluores­
cence of solution 
minus fluorescence 
of solvent on a  scale 
such th a t fluores­
cence of the stand­
ard (0.4 microgram of quinine sulfate per ml.) equals 100.

Table I gives fluorescence values of a  standard  egg oil solution 
to which increasing am ounts of a-carotene have been added. 
(The oil, obtained by ether extraction of freshly lyophilized egg, 
had become highly discolored and had lost all its carotenoid after 
being stored for 11 days a t  145° P.) Since carotene has approxi­
m ately the same molecular w eight and the  same absorption prop­
erties as lutein, the chief carotenoid of egg, the da ta  in  Table I 
provide a  basis for estim ating the validity of fluorescence values 
obtained in th'e presence of variable am ounts of carotenoid pig­
m ent. The solution of 0.4 microgram per ml. of carotene corre­
sponds to  the extract of an egg with extremely high pigm entation. 
I t  is apparent from the table th a t the presence of egg carotenoid 
does no t invalidate fluorescence measurement.

In  Figure 2 the open circles show the change in  fluorescence 
with concentration of the egg oil, which represents the concentra­
tion of brown lipid amine-aldehyde material. Fluorescence 
intensities below 50 are in approximately linear relation w ith 
concentration of fluorescent m aterial. Above this value devia­
tions from linearity increase and the curve goes through a maxi­
mum. The curve, carried only to  10 mg. per liter in Figure 2, 
continues to  fall; for a concentration of 145 mg. per liter the fluo­
rescence is only 20. Similar curves for other fluorescent m ate­
rials have been published (4). I t  is therefore evident th a t this 
fluorescence m ethod m ust be considered strictly  empirical; the 
ratio  of grams of egg extracted to  volume of fluorescent solution 
m ust be held constant.

C O M B IN E D  SPEC TRO PH OTO M ETRIC A N D  FLU O R O M ETR IC  PROCEDURE

All the glassware used, including the Soxhlet condensers, m ust 
be frequently and thoroughly cleaned w ith dichromate-sulfuric 
acid. The thim bles and cotton are ether-extracted for 2 hours 
before use, dried, and kept free from dust. Fluorescence of 
ether is reduced to  a minimum by redistillation after refiuxing 
over a lead-sodium alloy. (Because of its high fluorescence, 
commercial anhydrous ether is not a  suitable solvent.) In  this 
way extraneous fluorescence is reduced to  a low, constant value.

D iethyl ether was selected as a solvent because (a) extraction 
for 4 hours in the micro-Soxhlet apparatus gave better spectro­
photom etric reproducibility than  any grinding, shaking, or 
stirring technique; (6) a low-boiling solvent is required in this 
procedure in  order to  minimize heat-induced change in  the egg.

One gram of dehydrated egg is extracted -with anhydrous ether 
(prepared as described above) for 4 hours in a  micro-Soxhlet ex­
tractor. The extract is diluted to 25 ml. w ith anhydrous ether 
and the optical density determined spectrophotom etrically a t  
wave lengths 380 and 445 m/i in a cell of 1-cm. path length. 
(The Beckman quartz spectrophotom eter model D U  was used 
in  this study.) Carotenoid content of the egg powder is calcu­
lated by the following formula, which takes into account the 
dilutions specified:

Micrograms of carotenoids per gram of egg powder =
110 (D 44S -  0.395 D 3S°) (7)

For determ ination of the lipid fluorescence value, 1 ml. of the 
25-ml. ex tract described above is diluted to 10 ml. w ith anhy­
drous diethyl ether. The fluorescence intensity  is determined 
w ith the aid of the 365 m/n line of mercury for excitation—e.g., 
Coleman electronic photofluorometer w ith filters Bi and PC i— 
subtracting the fluorescence of the ether blank from the reading, 
and using quinine sulfate as fluorescence standard  (0.4 /¿g. per 
ml. dissolved in 0.10 N  sulfuric acid).

E V A L U A T IO N  A N D  A P P L IC A T IO N  O F  M E T H O D S

D ata  concerning reproducibility of results are shown in Table
II . Replicate analyses were made on 6 samples of egg represent­
ing a wide range of carotenoid and fluorescence values. The 
standard  deviation, cr, for carotenoids expressed as per cent of the 
mean tended to diminish slightly with increasing concentration 
of carotenoid. <r for carotenoids is not affected by the quantity

Table I. Effect of A d d e d  Carotene on Fluorescence of a Discolored
Egg O il  in Ether Solution

C oncen tration F luores­ C oncen tration F luores­
of C arotene cence of C arotene cence

fig./m l. fig./m l.
0 96 0 .4 86
0 .1 93 0 .5 85
0 .2 89 1.6 65
0 .3 87 2 .7 54

E ach lite r  of solu tion  contained 1.74 mg. of an  oil ob tained  by  e ther- 
ex trac tion  of freshly lyophilized egg and  sto red  11 days a t  145° F .

Table II. Reproducibility of Spectrophotometric and Fluorometric 
M ethods

C arotenoid F luorom etric
con ten t, m ean a as L ipid o- as

Sam ple HiO, No. of MK-/gram % Of fluorescence % o f
No. % R eplicates dried egg mean value mean

1 5 6 9 .4 8 4 .0 8 75 .4 9 .7 5
2 2 .5 8 11.1 2 .85 4 0 .2 5 .4 8
3 0 .7 7 2 8 .3 3 .7 8 2 2 .0 8 .54
4 2 .6 8 53 .3 4 .2 0 4 0 .6 7 .11
5 2 .5 6 6 0 .0 4 .82 3 .1 0 13.98
6 5 6 108 5 .04 7 .0 8 2 .53

Av. %  of m ean 4 .1 3 7 .9 0

Table III. A pp lica tion  of Spectrophotometric M e th o d  to a Storage 
Experiment

S pectrophotom etric  M ethod— C arotenoids_______

Storage Chem ical from  Chem ical
C onditions D irec t frac tiona tion B inary D irec t

Tem p. D ura tion (X 445) (X 445) (X 445, 380) m ethod B inary
fig. /gram fig./gram fig./gram

%° F. M onths dried egg dried egg dried egg %
15 1 29 .3 25 .3 2 8 .9 13.4 12.4
15 6 27 A 2 4 .7 2 7 .2 9 .8 9 .2
15 9 2 8 .7 2 5 .7 2 8 .6 10.5 10.1
70 1 2 6 .3 5 2 3 .4 2 6 .8 11.4 12.7
70 . 3 27 .3 2 3 .3 2 5 .7 14 .6 9 .3
70 6 25 .2 21 .2 2 2 .3 16.0 5 .0
70 9 25 .3 18.2 2 1 .2 2S .1 14.2
98 1 2 7 .5 20 .95 21 .7 2 3 .8 3 .4
98 3 30 .3 19.8 21 .15 3 4 .6 6 .3
9S 6 29 .2 18.0 19.2 38 .2 6 .3
9S 9 18.0 9 .2 9 .5 4 8 .8 3 .1
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o f  f lu o r e s c e n t  m a t e r i a l  o r  b y  m o is tu r e  le v e l.  S in c e  a f o r  f lu o re s ­
c e n c e  in t e n s i t y  is  h ig h e r  t h a n  fo r  c a r o te n o id  c o n c e n t r a t io n ,  th e  
f lu o r o m e tr ic  m e th o d  is  o b v io u s ly  le ss  re p ro d u c ib le  t h a n  th e  
s p e c t r o p h o to m e t r ic  m e th o d  fo r  c a r o te n o id s .

Spectrophotomctric determinations of the carotenoid contents 
of dehydrated egg samples by three different procedures are com­
pared in Table I I I .  The values in the column labeled “D irect” 
were obtained by measurem ent of optical density a t  X 445 mji of 
the to ta l ether extract on the assumption th a t all absorption a t 
this wave length was caused by carotenoid. The values labeled 
“Chemical F ractionation” were found in the same manner, except 
th a t measurements were made on the unsaponifiable fraction of 
the ether extract. The values labeled "Binary” were obtained 
from optical density measurements a t  XX 445 and 380 m/i on the 
to ta l ether extract and use of Equation 5.

Divergence between results by the direct method and the 
chemical m ethod is due to  a t  least two errors. These are the posi­
tive error inherent in the direct method due to absorption by 
brown substances in  the lipid extracts and the negative error in 
th e  chemical m ethod due to  loss or destruction of carotenoids 
during the saponification procedure. Samples low in brown 
products (storage tem perature 15° F.) show only the effect of 
saponification losses in carotenoid. W ith these samples, there­
fore, the binary procedure herein described will prevent carote­
noid destruction by avoiding saponification and will produce re­
sults comparable to  those obtained by the direct method. The 
o ther egg samples, which have developed brown discoloration, are

subject to  both the absorption error and the saponification error. 
Since these two types of error are elim inated by the binary 
method, it  thus has the advantages of both accuracy and rapidity.

Although the spectrophotom etric and fluorometric procedures 
have been described as a  combined method to  be used on the same 
extract, either determ ination can be made separately or in con­
nection w ith any other procedure th a t m ay be of intorest. The 
ether-extracted egg powder residue, for instance, is suitable for 
obtaining additional information by means of reflectance and 
salt fluorescence procedures (7, 9). Some results obtained by 
the use of the la tte r techniques will be published separately (S).
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Spectrophotometric Method for Estimating Gossypol 
in Crude Cottonseed O il

F. H . S M IT H , State College of Agriculture and Engineering, Raleigh, N . C.

Spectral absorption curves of the dianilino derivative of pure gossypol 
and that o f the gossypol in an expeller and hydraulic crude cotton­
seed oil are given. A  rapid spectrophotometric method having the 
accuracy and precision of the gravimetric method for estimating the 
gossypol content of crude cottonseed oil is presented. The time 
required for the analysis is less than 2 hours.

TH E  gravim etric m ethod for the determination of gossypol is 
based upon the reaction of gossypol with aniline to form a 

relatively insoluble dianilino derivative. The reaction, however, 
proceeds rather slowly; and, in the presence of cottonseed oil, 
the recovery of gossypol is not completely quantitative. Royce
(IS) has proposed a  m ethod in  which the dianilino-gossypol is pre­
cipitated in the presence of pyridine. The precipitate contains 
two molecules of pyridine of crystallization, which is less soluble; 
consequently, the recovery of gossypol is improved, but 7 to 20 
days are required for complete precipitation. The method has 
been modified by Royce and Iiib ier (4), and further modified by 
Royce, Harrison, and D eans (S) and by Halverson and Smith (1). 
The latter, w ith the use of heat and constant agitation of the 
mixture, were able to  shorten the time required for precipitation 
to 72 hours, w ith an over-all time of 5 days required for the 
determ ination.

This paper presents a colorimetric method th a t requires about 
1.5 hours for the determ ination-of gossypol which has a preci­
sion approaching th a t of the  gravimetric method. This method 
is based on the reaction of gossypol with aniline; but, in contrast 
w ith the gravimetric method, the dianilino-gossypol is soluble in 
the reagents used a t  the concentration required by the spectropho- 
to r 'e tr ic  method.

EX PER IM EN TA L

A standard solution of pure gossypol was prepared by dis­
solving 50 mg. of pure gossypol in about 10 to  15 ml. of peroxide-

free ethyl ether, adding 5 grams of Wesson oil, and removing tho 
ether under reduced pressure while warming the flask in w arm  wa­
ter not above 60° C. The Wesson oil solution was made to  500 
ml. w ith Skellysolve B.

Aliquots of this solution were used for preparation of a stand­
ard transm ittance-concentration curve and a spectral absorption 
curve. The spectral absorption curve was obtained by p ipetting  
2-ml. aliquots of this solution in to  each of two 25-ml. volum etric 
flasks. One of these aliquots was made to  volume w ith Skelly­
solve B to be used as a  blank for preparing the absorption curve. 
The color was developed in the other aliquot after diluting to  5 
ml. and heating with 0.5 ml. of aniline for 40 m inutes as described 
under Procedure. After diluting to  volume, the spectral absorp­
tion curve 1, Figure 1, was determ ined w ith the Beckman spec­
trophotom eter, using the hydrogen discharge tube.

An average value, for 13 determinations', of 0.621 for log j  a t
440 m/u was obtained for 0.2 mg. of pure gossypol in 25 ml. when 
the color was developed w ith aniline as described under Procedure 
and when square cuvettes with a depth of 0.999 cm. were used 
on the Beckman spectrophotom eter. The E\% m value a t  440 
mji is 776. The concentration of gossypol in grams per 100 ml. 

log y  at- 440 m/i
may be obtained from  ------- 3— -r-. From  this equation,J 776 X cm. depth H ’
the am ount of gossypol in  the aliquot of cottonseed oil taken for
analysis m ay be obtained and the gossypol content calculated.

A spectral absorption curve was determined with the Beckman 
spectrophotom eter for the gossypol contained in  a  crude cotton­
seed oil produced by the expeller process and in one obtained by 
the hydraulic process. These oils are designated as expeller and 
hydraulic oils throughout th is paper. In  order to  compare the 
absorption curves of the gossypol obtained from these oils w ith

pure gossypol ,the observed log - j  values for the gossypol in these

oils a t the various wave lengths were multiplied by the ratio  ob-



42 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 18, No. 1

Figure 1. Absorption Curves of A n ilin e
1 . Pure gossypol in Skellysolve B. 2. Expeller cottonseed oil in Skellysolve B. 
3. Hydraulic cottonseed oil in Skellysolve B. In each case absorption read against 

respective untreated solution

• tained by dividing the log — value for pure gossypol a t  440 m/t

by  the corresponding value obtained from the respective crude oil 
a t  this wave length. Curve 2, Figure 1, for the expeller oil fol­
lows th a t of pure gossypol, indicating th a t the m aterial repre­
sented by curve 2 is gossypol. In  the case of the hydraulic oil 
represented by curve 3, the maximum occurs between 445 and 
455 m/t w ith a broad, rounded peak compared to  the maximum be­
tween 435 and 440 m/t for the pure gossypol and the expeller oil. 
The absorption for the hydraulic oil is less than  for the pure gossy­
pol and the expeller oil in the region between 385 and 440 m/i and 
is about th e  same in  the region from 470 to  520 m/i. T he differ­
ence between the maximum of pure gossypol and the hydraulic 
oil is no t sufficient to  affect the analysis of gossypol by the spec­
trophotom etric method. T his shift of the curve to  the right is 
similar to  th a t occurring w ith extracts of cottonseed meal (5 ) and 
is probably due to a slight change in the molecule.

T he standard  transm ittance-concentration curve was pre­
pared by transferring three aliquots each of 0.2, 0.3, 0.5, 0.75,
1.0, 1.5, and 2.0 ml. of the standard  gossypol solution to  25-ml. 
volum etric flasks. One flask containing each level of the stand­
ard  gossypol solution was diluted to volume w ith Skellysolve B 
and  used as a  blank in the Coleman double monochrometer spec­
trophotom eter. The aliquots in the other volum etric flasks were 
diluted to  5 to  6 ml. w ith Skellysolve B, and 0.5 ml. of freshly 
distilled aniline (water-white) was added ; then  the color was de­
veloped w ith aniline as described under Procedure. The per cent 
transm ittance was read on the Coleman spectrophotom eter a t  
440 m/a. T he per cent transm ittance plotted against concentra­
tion (0.02 to  0.20 mg. of gossypol in 25 ml.) on semilog paper 
gives a straigh t line and, therefore, obeys Beer’s law. This line is 
represented by the following equation: concentration of gossypol 

. 2.00000 -  log T  , . , ,  ,in m g./2o ml. = ---- — 2_ .  \  table m ay be prepared from
D.I/1

th is equation for converting transm ittance readings to  the cor­
responding weight of gossypol.

PROCEDURE

Filter the crude cottonseed oil under reduced pressure through 
a  layer of washed Hyflo Super-Cel about 2 mm. thick placed over 
a  disk of filter paper in  a H irsch funnel. (I t is necessary to  wash 
the Hyflo Super-Cel w ith hydrochloric acid to remove the traces 
of iron present, as iron destroys the gossypol. Boil 100 grams of 
Hyflo Super-Cel w ith 600 ml. of distilled w ater and  50 ml. of con­
centrated  hydrochloric acid for 10 to  15 m inutes, filter through 
a  large Bixchner funnel, and  wash well w ith distilled water. 
R epeat the process and dry.) Prepare the layer of Hyflo Super- 
C cl by pouring a suspension of the Super-Cel in  Skellysolve I  or

B over the paper disk while suction is applied. D iscard the first 
few m illiliters of oil filtered. The oil m ay be collected in  a tes t 
tube placed in the suction flask. P ipet 5 ml. of the filtered crude 
oil into a 100-ml. volum etric flask, wiping the outside of the p ipet 
w ith a  clean cloth before adjusting to  the m ark. A fter draining, 
rinse th e  p ipet in to  the volumetric flask w ith a  stream  of Skelly­
solve B from a wash bottle. M ake to  volume w ith Skellysolve 
B.- T ransfer two 3-ml. aliquots to  25-ml. volum etric flasks. D i­
lu te  one of the aliquots to  volume with Skellysolve B to  be used as 
the blank in the spectrophotom etric determ ination of gossypol. 
D ilute the other aliquot to 6 ml. w ith Skellysolve B and add 0.5 
ml. of freshly distilled aniline (water-white); then heat for 40 
m inutes on the m etal top of the steam  bath. A djust the heating 
so only a  small am ount of steam  is escaping from the bath . This 
causes only slight loss of Skellysolve B during the heating. This 
heating m ay also be done in a w ater ba th  a t  60° to  65° C.

As the flasks are removed from the steam  bath, add about 10 
ml. of Skellysolve B to  prevent the aniline from separating. Al­
low to cool, then m ake to volume w ith Skellysolve B and mix. 
Read the per cent transm ittance on the Coleman double mono­
chrom eter spectrophotom eter a t  440 m/i, using the aliquot diluted 
with Skellysolve B as a  blank. Scale the weight of gossypol in the 
25 ml. from the standard  curve or read i t  from the prepared con­
version table. This value represents the weight of gossypol in the 
aliquot taken. The 3-ml. ahquot is equivalent to 0.15 ml. of oil. 
The specific gravity , 0.925, of cottonseed oil times the volume 
gives the weight of oil used in the determ ination (0.925 X 0.15 =  
0.1388 gram ). T he per cent gossypol isfound by m ultiplying the 
w eight of gossypol found in  the aliquot by 100 and dividing by 
the weight of oil used.

The dianilino-gossypol color has remained stable for as long as 
40 hours. Care m ust be exercised to  prevent the blanks from be­
coming contam inated w ith aniline.

Three hydraulic oils were analyzed for the gossypol content by 
the gravimetric method of Halverson and Sm ith (1) and by the 
spectrophotom etric m ethod described above. Some of the de­
term inations were m ade on the Beckman spectrophotom eter, cal­
culating the weight of gossypol from the extinction coefficient. 
T he results are presented in Table I. There were no significant 
differences in  the per cent gossypol found by  the two methods. 
The variation in  the gravimetric method is greater than  th a t for 
the spectrophotom etric method. The gravim etric m ethod re­
quired 120 hours for completing the analysis, while the spectropho­
tom etric m ethod required less than  2 hours. This simple, quick 
m ethod using common and inexpensive reagents is suitable for 
routine analyses as well as for more exacting work. W hen the 
concentration is too great to  read on the spectrophotom eter, ali­
quots from the  blank and determ ination m ay be diluted w ith 
Skellysolve B to  bring them  within the reading range of the instru­
ment.-

The author is indebted to the Buckeye C otton Oil Company, 
subsidiary of the Procter & Gamble Company, for the oil used in 
th is investigation and to  J. O. Halverson for suggestions.

Table I. Per Cent Gossypol in Crude Cottonseed O il
Sam ple No. G ravim etric S pectropho tom etric

% %
1 0.0168 0.016

0.0177 0.016
0 .0168 0.017

0.017
0 .017°
0 .016°
0 .017°
0 .017°

Ay. 0 .0171 0 .0166
2 0 .0455 0 .050

0.0542 0 .050
0.0549 0 .053°
0.0518 0 .053°
0.0530 0 .054°
0.0524 0 .053°

Av. 0 .0520  * 0 .0522
3 0 .0555 0 .050

0.0561 0 .050
0.0542 0 .049
0.0505 0.051
0.0508 0 .051°
0.0528 0 .051°

0 .052°
0 .052°

Av. 0 .0533 0.0508
° D eterm ined  by  B eckm an spec trophotom eter.
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Estimation of Gossypol in Cottonseed Meal 
and Cottonseed Meats

F. H . S M IT H , State College of Agriculture and Engineering, Raleigh, N . C.

Spectral absorption curves are presented for the aniline derivative, 
of pure gossypol and gossypol extracted from cottonseed meal and 
cottonseed meats with 6 0 %  alcohol containing ether in the Waring 
Blendor. These curves represent the difference between the ab­
sorption spectra of the aniline derivative of gossypol and of gossypol 
or gossypol extracts at the same concentration. The absorption curve 
for the cottonseed meats extract is practically identical with that 
of pure gossypol except in the region of 380 to 4 1 0  mp. The 
curve for the cottonseed meal extract is shifted slightly to the right 
but is very similar to that of pure gossypol.

Cottonseed meal samples were extracted by allowing them to 
stand 1 0  minutes in 3 0 %  alcohol, then adding sufficient 7 2 %  alcohol 
to give a 6 0 %  alcohol to which ether was added. A fte r blending 
for 5 minutes in the W aring Blendor, the extracts were filtered and 
made to 1 0 0  ml. A liq uots  were taken for the blanks and deter­
minations. The dianilino-gossypol color was developed in the 
latter by heating after adding aniline, then the per cent transmittance 
was read on the Coleman spectrophotometer, from which the gossy­
p o l content was determined. Duplicate determinations of gossypol 
in cottonseed meal or cottonseed meats may be completed in 2 
hours with readily reproducible results.

A  N U M B E R  of methods, both gravimetric (2, 6, 7) and spec- 
trophotom etric (7, 5), for the estimation of gossypol in cot­

tonseed m eal and  cottonseed meats have been published. The 
gravim etric m ethods depend on the reaction of gossypol with ani­
line to form a relatively insoluble dianilino derivative. Lyman, 
Holland, and H ale (6) reported a  colorimetric method based on 
th is  reaction. Boatner, Caravella, and Kyame (I) proposed a  
spectrophotom etric m ethod for estimating the gossypol content 
o f  cottonseed m eal and  cottonseed meats based on the reaction of 
gossypol w ith antim ony trichloride. All these methods require a 
considerable period of tim e varying from 48 to  120 hours for 
■completing the analysis. The amount of gossypol found depends 
upon bo th  the ex trac tan t and the length of time the extraction 
is continued.

Three processes of extraction have been used: simple equili­
bration, in term itten t flushing in the Soxhlet-type extractor, and 
continual washing in  the B u tt extractor. The gossypol content 
■of cottonseed meal determined by the la tte r two methods depends 
som ew hat on the m oisture content of the meal and the amount of 
alcohol and w ater in the ether used for the extraction. In  order 
to  obtain satisfactory reproducible results, the methods cited m ust 
be followed w ith care. Moreover, the gossypol found in a  given 
sam ple of cottonseed m eal varies considerably when determined 
by the different methods.

A rapid m ethod is proposed for determining the gossypol con­
ten t of cottonseed m eal or cottonseed m eats in which the extrac­
tion is carried ou t in a W aring Blendor with 75 ml. of 60% ethyl 
alcohol containing 15 ml. of ethyl ether. The filtrate is made to 
volume and aliquots are taken for the spectrophotometric deter­
m ination by a  modification of the dianilino-gossypol method of 
Lyman, Holland, and H ale (5). This modification gives a  more 
complete development of the dianilino-gossypol color which is 

.stable for 24 hours or longer. D uplicate or triplicate determina­

tions of gossypol in a  sample of cottonseed meal may be completed 
in 2 hours; cottonseed m eats require slightly less time. T he re­
sults are readily reproducible. The composition of the extract­
an t need not be held to extremely narrow limits. Values alm ost 
as high as those given in Table I were obtained w ith an  85%  al­
cohol mixture. The 60% alcohol mixture has much better foam­
ing characteristics, which gives a  good suspension of the sample in 
the solvent and results in less splashing.

EX PER IM EN TA L

In  the work reported here, 25 mg. of pure gossypol were dis­
solved in 5 to 10 ml. of peroxide-free ether; m ost of the ether was 
removed under reduced pressure, and the solution diluted to 
250 ml. w ith 95% alcohol. This, or a sim ilar solution, was used 
for the standard  transm ittance-concentration and spectral ab­
sorption curves. Aliquots of 2 ml. of th is solution were p ipetted 
to two 25-ml. volum etric flasks. The color was developed in one 
of the flasks by heating the aliquot with 0.5 ml. of aniline for 40 
m inutes a t  60° to  65° C., as outlined under Procedure, and the 
other was used as a blank for running a  spectral absorption curve 
on a Beckman spectrophotom eter, using the hydrogen discharge 
tube. This is represented by curve 1, Figure 1.

Three preparations of pure gossypol containing 0.2 mg. in  25

ml. gave an average value of 0.569 for log j  a t  445 m p  when the

color was developed w ith aniline and read on the Beckman spec­
trophotom eter using square cuvettes having a depth of 0.999 cm. 
T h e i J i  value a t  445 mp is 712. The concentration of gossypol

in grams per 100 ml.
log j  a t  445 mp  

712 X depth in cm.
The am ount of gossy-

o
o

o
o

WAVELENGTH IN MILLIMICRONS  

Figure 1 . Absorption Curves of A n ilin e
1. Pure gossypol In alcohol-ether mixture. 2 . Gossypol extracted from cotton­
seed meal with an alcohol-ether mixture. 3. Gossypol extracted from cottonseed 
meats with an alcohol-ether mixture. In each case absorption read against respective 

untreated solution



44 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 18, No. 1

pol in the aliquot taken  from the cottonseed m eal or m eats ex­
trac t m ay be obtained from the above equation and the per cent 
gossypol content calculated.

Following the same procedure, a  spectral absorption curve was 
obtained for the gossypol extracted from cottonseed m eal by the 
proposed method. An absorption curve was likewise obtained 
for cottonseed m eats. In  order to  compare these absorption

curves w ith th a t of pure gossypol, the log j -  values observed a t

the various wave lengths of each extract wrere m ultiplied by the

ratio  obtained when the log j  value of pure gossypol a t  445 m/i

was divided by the corresponding value of the respective extracts 
a t  this wave length. In  this manner, curves 2 and 3, Figure 1, 
were obtained for the gossypol extracted from cottonseed meal 
and cottonseed m eats, respectively. Curve 2 for the cottonseed 
meal is shifted slightly to  the right w ith the maximum absorption 
a t  450 m/i compared to  445 m/i for pure gossypol. A similar shift 
to  the right occurs when hydraulic-expressed crude cottonseed oil 
is the source of the gossypol (8). This shift is so slight and the 
general character of the curve is so similar to  th a t of pure gossypol 
in the region of 445 to 510 m/i th a t the absorption of the cottonseed 
m eal ex tract in this region m ust be attribu ted  to  the gossypol 
present. This shift, however, m ay be due to  a  slight modification 
of the gossypol molecule. This divergence has no effect on the 
spectrophotom etric estim ation of gossypol in  cottonseed meal. 
Curve 3, Figure 1, for cottonseed m eats follows th a t for pure 
gossypol alm ost exactly in the region of 420 to  510 m/i. There 
appears to  be slightly greater absorption in the region betw’een 
370 and 440 mg for the aniline derivative of cottonseed meal 
extracts than  for pure gossypol.

A standard  transm ittance-concentration curve was prepared by 
transferring three aliquots each of 0.2, 0.3, 0.5; 0.75, 1.00, 1.5, and 
2 ml. from a standard  gossypol solution containing 25 mg. of pure 
gossypol in 250 ml. of 95%  alcohol, prepared as previously de­
scribed, to  25-ml. volum etric flasks. Three preparations of pure 
gossypol were used for this curve. One of the flasks containing 
each aliquot w'as m ade to  volume w ith 72%  alcohol, by weight in 
water, to which 70 ml. of ether per 1000 ml. w-ere added and used 
as a blank for the spectrophotom etric determ ination. Five mil­
liliters of the above alcohol-ether m ixture and 0.5 ml. of freshly 
distilled aniline were added to each of the o ther flasks and the 
color developed as described under Procedure. T he transm it­
tance was read in  the Coleman double monochrom eter spectro­
photom eter a t  445 mg, using the blanks containing the correspond­
ing am ount of gossypol. The values were expressed as milli­
grams of gossypol per 25 ml. The standards follow Beer’s law, 
giving a s tra igh t line when per cent transm ittance vs. concentra­
tion is plotted o» semilog paper. This line is represented by the 
linear equation: concentration in mg. of gossypol/25 ml. =
2.00000 -  log T  . ....................................
 ^ — , in which 2 is the per cent transm ittance. A
conversion table  giving the milligrams of gossypol in  25 ml. cor­
responding to  the per cent transm ittance m ay be calculated from 
th e  equation.

PROCEDURE

T he extraction is carried out w ith the W aring Blendor using the 
small-size container, No. 17244, C entral Scientific Company. 
T he cardboard washer is removed from the screw cap and re­
placed w ith a washer cu t from a  sheet of rubber packing.

To a 2-gram charge of cottonseed m eal placed in the W aring 
B lendor container, add 20 ml. of 30%  (by weight) alcohol (384 ml. 
of 95%  alcohol diluted to  1000 ml.) and allow' to stand for 10 min­
utes. R o ta te  th e  ja r  two or three times by hand during th is in­
terval. Add 55 ml. of 72% (by weight) alcohol (830 ml. of 95%  
alcohol diluted to 1000 ml.) to give a m ixture having an  alcoholic 
content of 60%  by weight. A fter adding 15 ml. of peroxide-free 
ethy l ether, blend for 5 m inutes. S top the blender and rinse down 
the walls of the container by swirling once during the period of 
blending. T he cap should be loose enough to  perm it the expand­
ing vapors to  escape.

A fter blending, remove the cap, swirl the ja r  to  suspend the 
residue, and pour in to  a 250-ml. beaker. Rinse the cap and jar 
w ith a  stream  of the alcohol-ether m ixture (1000 ml. of 72%  al­
cohol by w’eight to  70 ml. of ether), used for washing and making

dilutions, from a wrash bottle and transfer the w'ashing to  a second 
beaker to  be used to  wash the first beaker and residue after filter­
ing through a filter tube  (Corning 9480). In sert the filter tube 
and a  ben t glass tube for the application of suction in a  two-holed 
rubber stopper placed in the top of a bell jar.

Prepare the filter by inserting a porcelain disk in the filter tube 
and, w ith vacuum  applied, pour a  layer of asbestos over it, fol­
lowed by a layer of washed Hyflo Super-Cel about 2 mm. thick. 
( I t is necessary to  W'ash the Hyflo Super-Cel w ith hydrochloric 
acid to remove the traces of iron present, as iron destroys gossy­
pol. Boil 100 grams of Hyflo Super-Cel w ith 600 ml. of distilled 
w ater and 50 ml. of concentrated hydrochloric acid for 10 to  15 
m inutes and filter, using a large Büchner funnel. W ash well with 
distilled W'ater. R epeat the process and dry.) Suspend the 
washed Hyflo Super-Cel in 72%  alcohol for preparing the filter. 
Receive the filtrate in a  100-ml. volum etric flask, containing 5 
ml. of ether, placed under the bell jar. This e ther replaces th a t 
lost during the filtration and prevents-a slight tu rb id ity  due to  the 
separation of oil from the mixture. Wash the first beaker and 
residue with the W'ashings from the blender ja r  and then wash a 
second time w ith the alcohol-ether m ixture from the wash bottle. 
Allow to cool and m ake to  volume w ith the alcohol-ether mixture.

Table I. Gossypol Content of Cottonseed M e a l and Cottonseed 
Meats

Sam ple
No. G rav im etric B lendor L ym an  et al.

% % %
2933 0 .110 0.082 0 .038

0 .1 1 8 0.083 0.038
0 .0 8 8 0 .080 0 .0 4 3  ■
0 .109 0 .088 0 .037
0 .099
0.096

0.085
0.086

Av. 0 .103 0.084 0 .039

3039 0 .1 1 7 0.077
0 .103 0.081

Av. 0 .110
0.084
0.081

3040 0 .157 0.109
0 .152 0.115

Av. 0 .155
0 .118
0.114

3041 0 .1 0 0 0.072
0.096 0.074

Av. 0 .0 9 8
0.071
0.072

3042 0 .0 9 8 0.074
0 .105 0.077

Av. 0 .102
0.071
0.074

3043 0 .0 9 9 ,0 .1 0 1 0.103 0 .0 6 4
0 .0 9 2 ,0 .1 0 5 0.101 0 .044
0 .1 0 7 ,0 .0 8 8 0.099 0 .052
0 .1 0 6 ,0 .1 0 7 0 .100 0 .0 5 6

Av.

0 .1 1 1 ,0 .1 1 7
0 .1 1 3 ,0 .1 1 6
0 .105

0 .102
0 .100
o . i o l 0 .0 5 2

3044 0 .0 6 5 ,0 .0 5 9 0.053 0 .0 2 5
0 .0 5 4 ,0 .0 5 3 0 .052 0 .0 2 6

Av.

0 .0 6 3 ,0 .0 5 1
0 .0 6 7 ,0 .0 6 4
0 .0 6 7 ,0 .0 7 0
0 .0 6 1 ,0 .0 6 6
0.061 0 .053 0 .0 2 6

3073 0.095 0 .098 0 .0 4 0
0.099 0.096 0 .0 5 0

Av.

X
0.097

0.102

0.099

0 .055
0.059
0.051

3074 0.131 0 .135 0.080 '
0 .123 0 .128 0 .0 8 0
0 .108 0 .1 3 0 0.071

Av,

0 .103
0 .0 9 8
0.113 0.131

0 .083

0.076-

3096 0 .0 8 7 0 .058 0 .051
0 .087 0.059 0 .045

Av. 0 .087
0.061
0 .059 0 .048 .

3095 0.813 1 .04
0 .818
0 .824

1 .00
1.04

Av.

0 .818
0 .827
0 .8 2 0

1.04
1 .03
1.03
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Two blender jars are advantageous, since one charge m ay be al- 
.owed to  stand in the 30%  alcohol while another one is being 
blended and filtered.

Use a charge of 0.2500 gram  of cottonseed meats for the deter­
mination and mix the 20 ml. of 30% and the 55 ml. of the 72% al­
cohol before adding; otherwise a sticky paste is obtained which 
is not readily extracted. The 15 ml. of ether may be added di­
rectly to  the jar. Blend the m eats immediately, after which pro­
ceed as with cottonseed meal.

Transfer two 5-ml. aliquots to  25-ml. volumetric flasks. D i­
lute one of the aliquots to  volume w ith 72% alcohol containing 
ether (1000 to 70 ml.) to  be used as the blank in reading the trans­
m ittance of the gossypol w ith  the spectrophotometer. Add to  the 
other aliquot 0.5 ml. of freshly distilled aniline and heat on the 
m etal top of the steam  bath  for 40 minutes. Adjust the steam so 
th a t only a small am ount of steam is escaping. (This heating may 
be done in a w ater b a th  a t  about 65 ° C.) Remove from the steam 
bath, add 5 to 10 ml. of the 72%  aleohol-ether mixture, and allow 
to cool. Then make to  volume w ith the alcohol-ether mixture. 
Mix and read the in tensity  of color as per cent transm ittance on 
the spectrophotom eter a t  445 Tap using the blank prepared from 
the extract. T ake care to avoid contaminating the blanks with 
aniline.

The weight of gossypol in milligrams in 25 ml. m ay be scaled 
from the standard  transm ittance-concentration curve or read 
from the prepared conversion table. The value obtained is the 
per cent of gossypol in cottonseed meal. In  the case of cottonseed 
meats, the milligrams of gossypol found per 25 ml. times 8 gives 
the per cent of gossypol.

T he gossypol content of 10 samples of cottonseed meal was de­
term ined by the proposed method and compared with values ob­
tained by the gravim etric method of Halverson and Smith as re­
vised by Sm ith (7). Some of these meals were also run by the 
Lyman, Holland, and Hale colorimetric method. The results 
are shown in Table I. On the whole, the gravimetric values are 
slightly higher th an  those by the proposed method; however, the 
values for samples 3043, 3044, 3073, and 3074 are as high as those 
by the gravimetric method.

«
DISCUSSION

The m ean difference in gossypol content as determined by the 
two methods was 0.0122 ±  0.0054% for all the samples of meals. 
T he difference for individual samples of cottonseed meal, how­
ever, varied from 0.0408 to  —0.0177%. This variation indicates 
th a t  the ratios between the values of the two methods are not 
precisely the same for the different samples of meal. The varia­
tion for the gravimetric m ethod for cottonseed meals 3043 and 
3044 m ay be partially  due to the use of different lots of ether for 
the extraction of the m eal w ithout modifying i t  to the optimum 
composition of 96.5% ether, 2.3% alcohol, and 1.1% water (4). 
All the meals used for the gravimetric method had a moisture 
content of 20 to  22%, which is the optimum for extracting gossy­
pol from cottonseed meal by the method used (3, 4, B).

The standard deviation for the proposed method was 0.0025% 
when the intensity of color was determined on two aliquots from 
the same extract. W ith one aliquot, the value would have been 
about 0.0027%, while one aliquot from each of two separate ex­
trac ts  would have had a standard deviation of about 0.0019%; 
therefore, i t  is recommended th a t two separate charges of cotton­
seed m eal be carried through the entire process with the color 
being developed in only one aliquot from each extract. For 
control work involving large numbers of samples, however, single 
determ inations should be satisfactory.

Gossypol contents of six of these cottonseed meals were de­
termined by the m ethod of Lyman, Holland, and Hale (5). The 
meals were extracted for 72 hours with peroxide-free ether con­
taining 2.3% alcohol and 1.1% water (Table I ) . In  all cases, the 
Lyman, Holland, and H ale method gave lower values than the 
proposed or the gravimetric methods; however, these authors 
have stated  th a t higher values may be obtained if 20% moisture is 
added to the meal.

T he value for cottonseed meats, No. 3095, by the proposed 
method was higher than  by the gravimetric method, being 1.03

and 0.822%, respectively (Table I). However, 1.04 and 1.06% 
gossypol was found in these m eats when they were ext ra t ted with 
ethyl ether as in the gravimetric method and the extracts sub­
jected to  the colorimetric procedure for oils (8) after removal of 
the ether and taking up in Skellysolve F. These values obtained 
for the ether extracts are practically identical w ith those ob­
tained when the extraction was done in the blender, and are ap­
preciably higher than  those yielded by the gravim etric method. 
Boatncr, Caravella, and Kyame (I) have reported th a t the an­
timony trichloride spectrophotom etric method gives a  higher 
value for some cottonseed m eats than  the gravimetric method. 
This indicates th a t some of the gossypol is not precipitated al­
though it  gives the color reaction with aniline. The spectral 
curve for this aniline derivative follows th a t of pure gossypol in 
the region of 420 to  520 mp.

In  the proposed method, the extraction is completed in 15 min­
utes with a mixture of alcohol, water, and ether (respectively, 
51.6, 34.4, and 14.0%) in the W aring Blendor while 72 hours are 
required by the method of Lyman, Holland, and Hale using the 
B u tt extractor w ith ether containing 2.3%  alcohol and 1.1% 
water. The extract obtained by the proposed method is filtered 
and made to  volume w ith the alcohol-ether mixture, as compared’ 
to the Lyman, Holland, and H ale method in which the ether is 
removed and the gossypol taken up in N  butyl alcohol. These 
methods also differ in th a t the proposed method requires only one 
fourth as much aniline and th a t heat is used to  promote the com­
plete color development which is stable for a considerable time. 
In  the Lyman, Holland, and Hale method, the color appears to 
develop more readily for pure gossypol than  for th a t extracted 
from cottonseed meal. About 20 to 24 hours are required to reach 
the maximum color intensity by the latter. E thy l alcohol solu­
tions have advantages over N  butyl alcohol from a manipulation 
standpoint.

The extraction was carried out on cottonseed meal No. 2933 
with 75 ml. of alcohol adjusted to 56.5, 60, 70, 75, and 85% , and 
15 ml. of ether after soaking in  24 or 30% alcohol for 10 minutes. 
The differences in the am ount of gossypol found were very slight 
for the 56.5 to  75%  alcohol, while th a t for the 85%  was 0.014% 
lower than  for the 60. This indicates th a t during the blending 
operation the concentration of the alcohol m ixture m ay be per­
m itted to vary a  few per cent w ithout affecting the results. Al­
lowing the charge of cottonseed meal, bu t no t cottonseed meats, 
to stand for 10 m inutes before blending softens the meal, which 
facilitates the extraction of gossypol.. T h irty  per cent alcohol is 
more effective than  50 for this purpose.

The filtered extracts will become slightly turb id  if too much 
ether is lost during the filtration. Aliquots used for the blanks 
will also become turbid  when diluted to volume with a  mixture of 
1000 ml. of 60% alcohol and 70 ml. of ether. On the other hand, 
if the dilutions are made w ith 95%  alcohol, turbid ity  frequently 
occurs. These difficulties are no t encountered when all dilutions 
and washings are made with the 72% alcohol-ether mixture (1000 
to  70 ml.) as recommended.

The author is indebted to J . O. Halverson and W. J. Peterson 
for helpful suggestions, to F. W. Sherwood for assistance in the 
preparation of the manuscript, and to  It. E . Comstock for the 
statistical analysis.
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Chemical Determination of Vitamin A  in M ixed Feeds 
and Feedstuffs

W IL L IA M  BREW  a n d  M A R Y  BETH SCOTT  

Research Laboratories, Ralston Purina Co., St. Louis, M o .

The antimony trichloride colorimetric reaction for determining vita­
min A  has been modified in order to correct for the color produced 
by nonvitamin A  materials. The system of correction depends 
upon the action of light on the kinetics of the antimony trichloride 
reaction and the use of a preliminary chromatographic purification.

TH E  analysis of mixed feeds for their vitam in A content is 
complicated by the relatively low vitam in A level often pres­

en t, the large num ber of different ingredients present in the mix­
ture, and the wide variation in  the physical and chemical charac­
teristics of these ingredients. These complications have pre­
vented the use of spcctrophotom etric m ethods for vitam in A 
m easurem ent. The blue color reaction produced by vitam in A 
with antim ony trichloride offers the best approach to  the problem 
a t  the present time.

The antim ony trichloride blue color reaction of C arr and Price
(3) has high sensitivity to small am ounts of vitam in A. This 
m ethod as modified by D ann and Evelyn (3) has been widely 
used as the basis for a num ber of analytical methods adapted to 
a  variety  of m aterials. Oser, Melnick, and Pader (7) have used 
th e  blue color tes t in vitam in A m easurem ents on food products 
in a procedure involving the use of an internal standard  designed 
to  correct for the presence of reaction inhibitors, tem perature 
effects, reagent variations, turbidity , and extraneous color. 
Corbet, Geisinger, and Holmes (4) very early listed a large group 
of m aterials known to give a color reaction w ith antim ony tri­
chloride under conditions of the usual vitam in A test.

The reaction has been utilized for the quantita tive measure­
m ent of vitam in D  and some of the related sterols and the blue 
color produced by carotene and the xanthophyll pigm ents is 
common knowledge. D ann and Evelyn (6) a ttem pted to correct 
for the reaction of carotene w ith antim ony trichloride and the re­
su ltan t interference w ith the vitam in A test. Oser, Melnick, 
and Pader (7) a ttem pted to  distinguish quantitatively  between 
the blue color produced by the reaction of carotene and th a t  pro­
duced by the reaction of . preformed vitam in A by the difference 
in the intensity of the two color reactions w ith time. These 
authors found th a t the blue color of the reacted vitam in A. faded 
alm ost completely in 2 hours, whereas the blue color of carotene 
increased in intensity  over th is period of time.

The present authors in  an a ttem p t to  duplicate this work 
found th a t the period required for vitam in A blue color destruc­
tion was greatly influenced by both light and tem perature condi­
tions. The effect of tem perature was noted by N orris and Church 
(6) and is a normal behavior, bu t the action of light has only re­
cently been reported by Caldwell and Parrish (3) and appears to 
offer an  explanation for some of the discrepancies in the vitam in 
A literature in  regard to the ra te  of fading of the blue color.

Some types of mixed feeds and  certain feed ingredients when 
reacted w ith antim ony trichloride give strong color reactions of 
nonvitam in A origin th a t interfere greatly w ith the vitam in A 
tests. The action of light on the course of these nonvitam in A 
color reactions has been found to differ so greatly from the action 
on the true v itam in A blue color as to  provide a means of differ­
entiating  between the color reaction of vitam in A and any inter­
fering color reactions simultaneously produced.

A N A L Y T IC A L  PROCEDURE

R e a g e n t s . Antim ony trichloride reagent, 90 grams of re­
agen t grade antim ony trichloride in 240 ml. of reagent grade 
chloroform.

Aqueous potassium hydroxide, 50 grams of reagent grade pel­
lets in  50 ml. of distilled water.

Calcium phosphate, dibasic, should be tested to retain  vitam in 
A and pass 3-carotene (M allinckrodt A. R. grade).

* 46

Skellysolve F , petroleum ether, boiling range 3 0 0 to 6 0 0 C.
' E x t r a c t i o n . Place a weighed 10-gram sample of feed in a  

20 X 80 mm. paper extraction thim ble and extract (all operations 
on vitam in A solutions should be carried ou t in subdued artificial 
light, preferably in am ber glassware) for 4 hours .in a B utt-type 
extraction tube w ith 35 ml. of Skellysolve F  placed in  a  100-ml. 
extraction flask. O ther types of extraction equipm ent m ay re­
quire different volumes and extraction times.

Evaporate off the solvent from the extract under a  vacuum , add 
30 ml. of 95%  ethyl alcohol and 3 ml. of aqueous potassium  hy­
droxide solution, and bring to  a boil in a  w ater bath . Cool and 
wash contents of flask into a  250-ml. separatory funnel w ith a 
minimum am ount of Skellysolve F . Add 30 ml. of distilled w ater 
and sufficient Skellysolve F  to  make 25-ml. to ta l volume of the 
latter. Shake and draw off the lower phase after settling, and 
transfer the Skellysolve phase to a clean 125-ml. flask. R epeat 
the extraction of the aqueous phase with 3 more 25-ml. portions of 
Skellysolve and combine the extracts in a clean 250-ml. separa­
tory funnel. Wash free from alkali by repeated washings or 
w ith a  continuous spray washing device. F ilte r alkali-free ex­
trac t into a  300-ml. long-necked round-bottom ed flask through 
about 15 grams of anhydrous sodium sulfate on a filter paper, and 
wash the filter paper w ith additional solvent.

P u r i f i c a t i o n . If little  or no color is present in the final ex­
tract, th is step m ay be omitted. I f  an appreciable am ount of 
colored pigm ents is present, evaporate the extract down to a  5- 
ml. volume under a  vacuum and wash into a chrom atographic 
column w ith a minimum volume of Skellysolve.

Prepare a  16 X 150 mm. chromatographic column w ith a  7.5- 
cm. (3-inch) layer of dibasic calcium phosphate, topped by a 
2.5-cm. (1-inch) layer of calcium carbonate. The dibasic calcium 
phosphate should be tested prior to.,use and shown to retain v ita­
min A w ithout destruction and to  pass 3-carotene using Skelly­
solve F  as a  solvent. The Skellysolve should be free from ether, 
alcohol, or other solvents and should be as dry as possible.

A fter the extract passes into the column, wash a t  once w ith 
Skellysolve F  and continue washing until all carotene passes 
through th e  column. T his is indicated by a  colorless filtrate. 
T his solution m ay be retained and the carotene measured.

T he appearance of the column a t  this point shows a  sharp 
colored layer a t  the extreme top, usually followed by a series of 
lines and a  broad colored band, all in the carbonate layer. Re­
move all these w ith care, except for the lowest portion of the 
broad colored band, by digging out the adsorbent w ith a  suitable 
instrum ent.

Change the receiving flask on the column and elute the vitam in 
A by passing 25 ml. of ether slowly through the column or until 
all th e  remaining yellow lines pass through the column. This 
eluate is to  be used for the v itam in A reading.

C o l o r  R e a c t i o n . Divide the eluate from the column, or the 
original extract if the column purification was no t required, into 
two equal portions of any convenient volume. A t th is poin t it 
is desirable to  estim ate the approxim ate vitam in A content of the 
m aterial being tested, in order th a t the final solution concentra­
tion of v itam in A will be approxim ately 15 units per ml., a  con­
centration m ost suitable for measurement. A volume factor, x, 
is approxim ated from the formula:

(approximate units of vitam in A per gram in feed) X
(weight of sample)

x  =  go

by which x  is found to  the nearest whole num ber (bu t no t less 
th an  2). T o one portion of the solution add lOx units of a  v ita­
min A solution (obtained from a dilution of D istillation Products 
vitam in A concentrate capsules, Control No. PC-3, checked 
speetrophotom etrically). E vaporate both fractions to  dryness 
under a  vacuum  and dissolve each fraction in exactly x  ml. of 
dr}- chloroform. By th is system one portion of the sample has 
been fortified w ith an in ternal standard  equipm ent to  10 un its  
per ml.

Reaction readings are made on the Evelyn photoelectric color­
imeter, using a  620 m,u filter. Set a  reagent blank containing 1 
ml. of chloroform plus 10 ml. of antim ony trichloride reagent to  a 
reading of 100% transmission and find the corresponding refer­
ence no cell reading w ith blank solution tube removed. T h is
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Reaction Time 
Figure 1 . Derivation of V itam in A  Calculation Formula

reading is used for subsequent settings for a series of readings on 
any one day w ith the same reagent.

Place a  1-ml. sample of the unfortified unknown in a  reaction 
tube in  the instrum ent, add 10 ml. of antimony trichloride re­
agent, and take a reading as soon as the galvanometer can be 
read (reading A).  Place the reacted solution immediately in a 
glass-walled w ater bath  (a rectangular battery jar is suitable) 
kept a t  30° C. midway between two 150-watt reflector flood 
lam ps placed a t  a distance of 30 cm. (12 inches) between the 
two bulb faces.

A fter exactly 5 m inutes read the reaction tube again (reading 
B) and im mediately return  it  to the water bath. A t the end of 
exactly 10 m inutes obtain a third reading (reading C).

R eact a 1-ml. sample of the vitamin A-fortified sample as 
above w ith 10 ml. of antim ony trichloride and take only the ini­
tia l reading (reading D). According to  the data of Baxter and 
Robeson (i) ,  confirmed by the authors, this reading should not 
exceed a photom etric density of 0.523, corresponding to a trans­
mission of 30%  in order to  stay within the linear range for a 
vitam in A standard  curve.

D ilu te a second 1-ml. aliquot of the unknown (if necessary a 
p art of the fortified sample can be mixed with the unfortified for 
this reading) with 10 ml. of chloroform and read a t 440 m/i (read­
ing E)  against a  blank of pure chloroform set to 100% transmis­
sion. Reading E  is made to  correct for the interference of certain 
carotenoid pigm ents which give color reactions with antimony 
trichloride. Calculate vitam in A concentration from the follow­
ing formula in  which all readings have been converted to photo­
m etric densities:
„    10(A - 2 B +  C -  0.067 E )(2x)
U nits of v itam in A per gram  ----- (J) — A)  (wt. of sample)

T he factor 0.067 in this formula is explained below and should 
be determ ined by the user for the particular type of carotenoid 
pigm ents m ost commonly encountered (from alfalfa, corn gluten, 
etc.) and with the particular filters used in making the readings.

BASIS O F  C O L O R -R E A D IN G  PROCEDURE

The vitam in A blue color reaction with antimony trichloride is 
usually read a t  about 620 m/x within 10 seconds after addition of 
the reagent to  the A source. Unfortunately, if the vitamin A 
solution contains any considerable am ounts of impurities of a 
variety  of types, these impurities will produce colored reactions 
simultaneously w ith the formation of the vitam in A blue color. 
The best available means of purification do not completely re­
move these interfering m aterials from feed extracts.

These interfering m aterials can be grouped into three broad 
reaction types:

1. M aterials which produce a high initial color intensity which 
fades with time, sim ilar to vitam in A itself. This is indicated by 
decreasing ligh t absorption w ith time. . .

2. M aterials which produce a low initial color intensity which 
increases w ith time. T his is indicated by increasing light-absorp- 
tion values. .

3. M aterials which produce a  color reaction of an intensity 
relatively constant w ith respect to  time. This is indicated by 
constant light-absorption values.

All classes of interference would be made up of one of these 
types or some combination of several types.

If vitam in A -antim ony trichloride reaction solutions are sub­
jected to controlled light of high intensity a t  constant tem pera­
ture, as outlined in the quantitative procedure, the blue color 
fades very rapidly, and a t  the end of 5 m inutes has completely 
disappeared. If  reacted solutions of pure vitam in A are read a t  
620 m m, the difference between the initial photom etric density and 
th a t after 5 m inutes is directly proportional to  the A concentra­
tion over a wide range of concentration values.

E xtracts of feedstuffs known not to  be sources of vitam in A 
have been tested under similar conditions with the following ob­
served groupings:

1. Reacting m aterials which showed decreasing color in ten ­
sities with time were mostly carotenoid in nature and had attained 
minimum values of photom etric density a t 620 m/x within 5 
minutes. Moreover, the difference between the initial absorption 
a t 620 mju and the absorption after 5 minutes in each case was quan­
titatively  related to  the yellow color present in the unreacted solu­
tion. The la tter could be measured by reading a t 440 mix.

2. M aterials which showed increasing color intensities w ith 
tim e increased in photometric density a t approximately a uniform 
rate  for short periods of time. The increase during the period 0 to  5 
m inutes was approximately the same as th a t for 5 to  10 minutes. 
In  all cases this increase in photom etric density a t  620 m/t was rela­
tively^ slow as compared with the rapid decreases observed for 
v itam in A and carotenoids and the difference between the changes 
in the two tim e intervals was negligible.

3. M aterials which possessed a color of their own unrelated 
to the antim ony trichloride reaction or which reacted to  produce 
a  color th a t did not change w ith short intervals of time.

Utilizing the facts ascertained in these observations, i t  was de­
cided th a t a procedure could be developed for reading vitam in A 
in the presence of all three types of interfering m aterials. This is 
best explained by means of Figure 1.

Readings are m ade under controlled conditions of light expo­
sure and tem perature immediately after reaction (reading A ), 
after 5 m inutes’ exposure (reading B ), and after 10 m inutes’ ex­
posure (reading C). In  addition, a second portion of the extract 
being tested is reacted in the presence of a  known addition of 
pure vitam in A (reading D) and an independent reading is made 
a t 440 mix (reading E)  of the diluted, bu t unreacted, sample to be 
used as a  correction for carotenoids present.

Reading A  is composed of the sum of the absorptions produced 
by an unknown am ount of vitam in A, represented by am ount L, 
and the three types of interfering colored reactions previously 
mentioned, and represented by quantities M , N ,  and 0 , indicating 
decreasing color, increasing color, and stable color, respectively. 
Reading B,  a t the end of 5 minutes, shows th a t L  and M  have 
faded out completely, 0  has remained constant, and N  has in­
creased by increment X .  A t the end of 10 minutes, represented 
by reading C, an additional increment, X ,  has been added to  the 
value of original quan tity  N ,  making its value N  +  2X.

R eadingA  =  L  +  M  +  N  +  O (1)
Reading B  *= X  +  N  +  O (2)
Reading C =  2 X  +  N  +  O (3)

from which the formula L  — A  — 2B +  C — M  m ay be derived.
M  m ay be derived by a  separate reading (reading E)  of the ca­
rotenoid color a t  440 mix which will bear a relationship, K ,  to the 
blue color produced a t  620 m/i for any particular group of pig­
ments and pair of filters.

Hence, itf =  K E
or L  =  A  — 2B +  C  — K E

To compensate for the fact th a t certain m aterials m ay inhib it 
the am ount of absorption L  produced by the antim ony trichloride 
reaction w ith vitam in A, a known increment (10 units =  S) of A  
is added to a  second fraction of the original solution and after 
adjusting to  the same volume for reaction, reading D  is obtained.

All color produced by preformed vitam in A has completely 
faded a t  the end of 5 minutes. Thus, after this period of tim e 
the sample w ith the added increment of vitam in A will read the 
same as the sample w ithout the vitam in A increment (Figure 1). 
This fact makes i t  possible to  use the principle of the internal 
standard w ith its a ttendan t advantages as sta ted  by Oser, M el- 
nick, and Pader (7).

D — A  equals the am ount of absorption produced by 10 units 
of vitam in A under the same reaction conditions as in the case of 
L  absorption, produced by the unknown am ount of vitam in A.
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F or low concentrations of vitam in A the readings given in terms 
of photom etric density are directly proportional to  the am ount of 
vitam in A present.

Therefore
Units of vitam in A

10

U nits of vitam in A =

D  — A  

10(A -  2B +  C K E )
D

The value of K  is derived by reacting w ith antim ony trichlo­
ride and reading a t  620 m/j. portions of a series of solutions of 
varied carotenoid concentration and reading dilutions of the 
sam e solutions a t  440 m/x. T he reacted absorption values are 
p lotted against the dilution absorption values and a straight-line 
relationship is found. The ratio  of the photom etric density a t  620 
m/i to th a t a t 440 nm is the value of K  desired. This was found to 
be 0.067 for the authors’ instrum ent for the carotenoids of alfalfa, 
the m ajor carotenoid source in feeds. This value was obtained 
a fter a  chromatographic column treatm en t and readings obtained 
according to  the procedure given. The chromatographic trea t­
m ent removes pure carotene and only the related pigm ents are 
present.

Ingred ien t
Table t. Composition of Feed M ixtures
Sam ple 1 Sam ple 2 Sam ple 3 Sam ple 4 Sam ple 5 Sam ple 6

% % % % % %
Soybean oil

m eal 30 30 30 30 30
C o rn  meal 50 50 50
Tankage 20 ’ iô ' 2Ô
Fish  meal ¿6 '2 6 20 30
G round  oats 30
Alfalfa . . .  * ‘20 20 ‘2Ô '3 0
W heat germ 20 20

T otal 100 100 100 100 100 100

R ECO VERY O F  A D D E D  V IT A M IN  A

In  order to  check on the accuracy of the reading procedure, 
samples of feedstuff m ixtures (Table I) were prepared containing 
varying proportions of typical feed m aterials. Some of the mix­
tures were prepared w ith abnorm ally large am ounts of certain 
types of ingredients known to interfere w ith vitam in A measure­
m ent.

Portions of these m ixtures were extracted and purified on 
chromatographic columns. Each extract was divided into two 
equal portions, each equivalent to 8 grams of original sample and 
one portion was fortified w ith 100 I.U . of vitam in A or 12.5 I.U . 
per gram of sample. The two portions of each sample were then 
treated  as separate samples and their vitam in A content was read 
and calculated by the procedure given. The value of X  for calcu­
lation is 2.5. According to  the procedure la ter adopted a whole 
number, in this case 3, is recommended.

Table I I  shows the results obtained on this experiment. The 
average recovery obtained, 12.61 I.U . per gram, checks well w ith 
a  theoretical recovery of 12.5. The range 11.62 to  13.60 is 
w ithin the range to  be expected from a reading procedure de­
pending upon five independent readings.

Table II. Recovery of A d d e d  V itam in  A

Sam ple R ead ­ R ead ­ R ead ­ R ead­ R ead ­
V ita­

m in A Recov­
No. ing A ing  B ing C ing  D ing E Found ery E rro r

1 0 .027 0 .022 0.032 0 .214 0.034
I .U ./g .

0 .4 3
I .U ./g . I .U ./g .

IF® 0.382 0.034 0.043 0 .5 4 0 0.034 14.03 l é ’. 60 +  i ! i o
2 0 .032 0.041 0.056 0.214 0.045 0 .1 0
2F ° 0 .387 0.051 0 .062 0.551 0.045 13.10 13.00 +  6!50
3 0.149 0 .122 0 .122 0 .328 0.403 0 .0 0
3F° 0 .485 0 .131 0.131 0.661 0.403 11.62 11.62 —0 .8 8
4 0.161 0.144 0.149 0 .340 0.475 - 0 . 3 5
4 F a 0 .512 0 .1 5 8 0.161 0.671 0 .475 12.77 13 . i2 + 6 ’.62
5 0 .174 0 .155 0 .172 0 .35S 0 .462 0 .17
5 F ° 0 .509 0 .164 0 . 1S1 0 .677 0.462 12.32 12.’ i s - 6 ! 3 5
6 0.201 0 .177 0.197 0.381 0.495 0 .3 8
6F a 0.530 0 .184 0.204 0.696 0.495 12.54 12! ie — Ô. 34

Av. 0 .12
12.73 12!e i

None of the ingredients involved was believed to contain pre­
formed vitam in A and an average value for the unfortified samples 
of 0.12 I.U . per gram  w ith a  range of —0.35 to  +0 .43  is accept­
able.

Previous experience in this laboratory has. shown th a t the chro­
m atographic procedure recommended completely separates the 
carotene from the vitam in A and th a t the am ount of xanthophyll 
pigm ents present is reduced to  a minimum. As a  check on the 
recovery of vitam in A carried through the whole procedure, two 
formulas for commercial mixed feed concentrates containing no 
preformed vitam in A and known to give very bad reaction colors 
w ith antim ony trichloride were fortified a t  several vitam in A 
levels. These samples were carried through the complete analyti­
cal procedure and the recovery of vitam in A was m easured (Table 
I I I) .

The unfortified samples gave results of 0.07 and —0.21 I.U . 
per gram, which is in lino w ith those expected, and assuming a 
zero value for the unfortified samples the am ount of vitam in A 
lost in the complete procedure varied from 0.74 to 0.88 I.U . of 
vitam in A per gram of sample. Since this is the combined loss of 
th e  extraction, saponification, and column procedure, plus losses 
in  transferring and evaporation, i t  appears to  be satisfactory for 
this type of procedure. However, this loss is apparently  an  ab­
solute one and for very low potency feeds i t  m ay result in a  high 
percentage error.

No a ttem p t is m ade in this paper to  m easure vitam in A ac­
tiv ity  other than  th a t produced by preformed vitam in A. Caro­
tene can be m easured on the first eluate from the chrom ato­
graphic column b u t the problems involved in  the separation and 
m easurem ent of different carotenoids having vitam in A activ ity  
and the subsequent conversion into units of preformed vitam in A 
are a t  present only partially  solved.

Table III. Recovery of A d d e d  Vitam in A  from M ix e d  Feeds
Sam ple A dded V itam in  A T o ta l V itam in A Loss of V itam in A

Feed A 
Feed A 
Feed A 
Feed A 
Feed B 
F eed B

I .U ./g .

8 .2 0
10.24
16 .40

1CL24

I .U ./g .
0 .07  
7 .32  
9 .48  

15.52 
— 0.21 

9 .50

I .U ./g .

0 .8 8
0 .7 6
0 .8 8

o !74

° Sam e as sam ples 1, 2, e tc ., except 12.5 I.U . per gram  added v itam in  A.

S U M M A R Y

A modification of the antim ony trichloride m ethod for the de­
term ination of vitam in A in feeds and feedstuffs compensates for 
the presence of interfering reacting m aterials by means of the 
differential effect of light on the kinetics of the antim ony tr i­
chloride reaction of vitam in A and the interfering m aterials, re­
spectively. A chrom atographic procedure suitable for the prepa­
ration  of feed extracts intended for color reaction is given. The 
principles of the procedure appear favorable for use in a variety  
of applications in the determ ination of vitam in A in hum an foods.
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Direct Volumetric Determination of the Organic 
Sulfonate Content of Synthetic Detergents

T. U. M A R R O N 1 a n d  JO S E P H  SCHIFFERLI 

National A n ilin e  Division, A llie d  Chemical & D ye  Corporation, Buffalo, N , Y.

/A  method has been developed for the quantitative determination 
•of sodium alkylbenzene sulfonates, which is applicable to com­
mercial detergents containing alkyl or alkylaryl sulfonates. Under 

standardized conditions p-toluidine hydrochloride reacts with these 
organic sulfonates to give amine-sulfonate salts which can be sub­
jected to rapid and relatively precise quantitative analytical deter­
mination suited to the requirements of industrial laboratories.

TH E  usual methods for obtaining the active organic content 
of a  detergent m ixture are relatively long and produce results 

calculated by “difference” methods (2, 4). In  a search for a  rapid 
■and direct mode of analysis for production control to  overcome 
the tim e disadvantages of these methods a procedure has been de­
veloped which has considerable m erit for the analysis of certain 
■detergents of either the alkyl sulfonate or alkylaryl sulfonate 
type. ("Alkyl” is used throughout to indicate hydrocarbon spe­
cies obtained by fractional distillation of petroleum.) The new 
m ethod employs the fam iliar qualitative reaction of amines and 
ary l sulfonic acids (5, 7) w ith  modifications to  obtain quantitative 
results of relatively high precision and accuracy under standard­
ized conditions.

M E T H O D  FO R A LK YLB EN ZEN E SULFO NATES

A neutral detergent mixture containing the sodium salts of 
alkylbenzene sulfonic acids as the active organic ingredient may 
be reacted in aqueous medium with an amine salt of a  strong in­
organic acid to  produce th e  sulfonic acid salt of the amine and 
the sodium sa lt of the inorganic acid. Removal of the sulfonate- 
amine complex in to  a  water-immiscible phase will displace the 
equilibrium to favor completion of the reaction. The homologous 
natu re  of th e  organic species in  most commercial detergents facili­
ta tes th is removal by prevention of crystallization. The organic 
sulfonate can then  be determined by suitable treatm ent of the 
solvent extract of the reaction mixture. D irect titration  with 
standard  alkali in  the  presence of a suitable indicator has been 
found rapid and convenient. The weakly basic amine does not 
interfere. The m ain reactions m ay be presented as follows:
R CJRSO jN A  +  CIRCJRN TR.IIC l — >

CTRCJRNIR.RCriRSORI +  N aCl
C IR C JR N IR .R C JR S O Jf +  NaOH — >

RC«H,SO,Na +  C R A IR N H - +  II20

A fter numerous trials w ith various amine salts and solvents, 
p-toluidine hydrochloride and carbon tetrachloride were selected 
for greatest case of m anipulation. The following specific proce­
dure was devised for application to solid detergents containing 30 
to  60%  sodium alkylbenzene sulfonate and remainder of neutral 
inorganic salts.

A weighed sample containing 3 to 4 grams of the organic ma­
terial is transferred to  a 250-ml. (Corning No. 6340) separatory 
funnel (stem cu t to  1.25 cm., 0.5 inch). F ifty  milliliters of c.p. car­
bon tetrachloride and 100.0 ml. of an  aqueous solution containing 
3.40 grams of p-toluidine hydrochloride (1) are added; the funnel is 
then stoppered and shaken mechanically a t rooni temperature for 
about 5 to 10 m inutes or until all the solid phase has disappeared. 
Complete layer separation is effected by a  few minutes of settling. 
The carbon tetrachloride layer is carefully drawn off, and the 
aqueous phase is extracted a  second tim e using a  brief shaking 
with an additional 25 ml. of carbon tetrachloride. The carbon 
tetrachloride extracts are combined in 100 ml. of 95%_ethanol 
previously just neutralized w ith 0.1 A  sodium hydroxide to a  
faint purple end point using m-cresol purple as the internal indi­
cator. The resulting solution is titra ted  in a  glass-stoppered, 500-

> Present address, A. B. D ick Co., Chicago, III.

ml. Erlenm eyer flask w ith 0.1 A  sodium hydroxide until the emul­
sion obtained by vigorous in term itten t shaking during titra tion  
tends to rem ain a lavender color. (Alcohoi is used for facilitating 
the titration  reaction and discerning the end point; formulas 2B 
and 3A are satisfactory.)

The organic content of the sample is calculated from the “ % 
organic” equivalent of the standard sodium hydroxide solution 
found by carrying out the above determ ination on a  suitable ref­
erence sample of known organic content.

S a m p l e  C a l c u l a t io n . A re fer en ce  s a m p le  w a s  fo u n d  to  h a v e  
a n  o r g a n ic  c o n te n t  o f  40.0% w h e n  a n a ly z e d  b y  " d iffe r e n ce ”  
[1 0 0 %  — (%  s o d iu m  s u lfa te  +  %  m o is tu r e  +  %  s o d iu m  c h lo r id e  
+  %  e th e r -s o lu b le )] ;  i t  r eq u ired  6 7 .3 2  m l. o f  0 .1 0  A s o d iu m  h y ­
d ro x id e  p e r  6 .0 0 0 -g ra m  s a m p le  b y  th e  p ro c ed u r e  d e scr ib e d ;  
th ere fo re , th e  fa c to r  fo r  c o n v e r t in g  m l. o f  0 .1 0  A  s o d iu m  h y d r o x ­
id e  to  p e r  c e n t  o f  o r g a n ic  m a te r ia l  in  u n k n o w n  s a m p le s  o f  th e

same organic constitution =  =  0.594 per 6 grams of sample.
A 6.000-gram sample of an unknown required 92.00 ml. of 

0.10 A  sodium hydroxide; hence its organic content =  ml. of 
NaOH X 0.594 =  54.6%.

In  order no t to  confine narrowly the apparen t applicability of 
the method, calculations on a stoichiometric basis are avoided in 
the general procedure. Because the weight of the average of the 
alkyl groups is no t always definitely known or is subject to  varia­
tion w ith modifications of m anufacturing processes and because 
of the empirics of reagent volumes in this method, some products 
m ay no t be accurately analyzed when calculated factors are em­
ployed.

DISCUSSION O F  V A R IA B L E S

W hen the initial concentration of p-toluidine hydrochloride is 
fixed for a  series of determ inations in  which only the weight of 
sample is varied, the alkali equivalent per gram of sample re­
mains constant when th e  molecular ratio  of amine to  sulfonate ex­
ceeds about 2.5.

W hen the outlined analytical procedure is applied to  a  series of 
duplicate samples, except th a t  the p-toluidine hydrochloride con­
centration in  the amine reagent is varied, i t  appears th a t the  al­
kali equivalent per gram  of sample is regularly affected by th e  ini­
tial concentration of the amine hj'drochloride. D a ta  from such a 
series are plotted in Figure 1. Physical lim itations fix the range 
of reagent concentration. The amine salt in  concentrations above 
about 8%  on a  weight-volume basis causes phase separation dif­
ficulties; when its  initial concentration is much below 2.5 times 
the molar concentration of the sulfonate and below about 3.4 
grams per 100 ml. of reagent, sufficient detergent rem ains unre­
acted to  cause emulsification. I t  is no t known why the curve of 
Figure 1 does no t become parallel w ith the abscissa a t  the point 
demanded by theory, bu t since a continuous line function is ex­
hibited over a  wide range of amine concentrations and since chlo­
rides can be qualitatively detected in  the carbon tetrachloride ex­
trac t, i t  is likely th a t, although p-toluidine hydrochloride is in-

Figure

G R A M S  O F  p - T O L U I D I N E  P E R  I O O M L  O F  R E A G E N T

1. Variation of A lk a li Titration per Gram of Sample with 
Initial Concentration of p-Toluid ine H ydrochloride
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Table I. Analysis of Commercial Products by p-Toluidine H yd ro ­
chloride M etho d

P roduct T y p e  of M olecule (5, 6, 8)

M l. of 
0.10 N  N aO H  

per G ram

Santom erse 1 A lkylaryl su lfonate 10.3
Santom erse 3 A lkylbenzene sulfonate 26 .2
Santom erse D A lkylbenzene su lfonate 2 6 .8
M P  189 Alkyl su lfonate 9 .7
SV 1959 Alkyl su lfonate 2 3 .8
U ltra  w et A Alkyl su lfonate 2 8 .7
Nacconol N R A lkylbenzene su lfonate 11.1
Nacconol HG A lkylbenzene su lfonate 15.2
Nacconol F Alkylbenzene su lfonate 12.8
Naccolene F A lkylbenzene su lfonate  in so lvent 2 .7
Naccosoi A A lky lnaph tkalcne su lfonate 26 .7

soluble in carbon tetrachloride, i t  is taken  in to  the solvent layer 
in  slight am ounts by small changes in  m iscibility related to  an 
effect of p-toluidine hydrochloride concentration.

However, by stric t adherence to  volume and reagent concen­
tra tion  in a  procedure w ith any specified concentration of amine 
hydrochloride in  the graphed range, one m ay obtain reproducible 
results for alkali equivalent per gram of sample when the weight 
of sample is varied w ithin its  practical lim its. N otw ithstanding, 
the reagent concentrations a t  which there apparently  is stoichio­
m etric relationship have been selected for th e  authors’ use to  
avoid occult errors. These concentrations were determ ined from 
application of the method to  mixtures of commercial detergent 
w ith pure sodium dodecylbenzene sulfonate, th e  former being 
employed in  adm ixture to  prevent form ation of a  crystalline 
product by the la tter.

When the stoichiometric point is found by use of a suitable pure 
compound of known molecular weight, the average molecular 
weight of the m ixture of homologs in  a  commercial detergent can 
be found; hence, conditions a t  which the m etathetical am ount of 
alkali is used a t  the titra tio n  end point can then  be determ ined for 
other detergent mixtures for which a standard  factor m ay be de­
sired to convert titra tions to  per cent organic content.

T he da ta  in Figure 1 illustrate those obtained on portions of a 
detergent sample for which the average molecular w eight had 
been calculated. T he point of apparen t stoichiometric relation­
ship chosen for fixing reagent quantities and volume was selected 
by use of this calculation.

F or only routine or occasional analytical purposes i t  is no t nec­
essary to  determine the optimum amine salt concentration; if a 
desired reference sample is run  w ith the unknown under identical 
conditions of volume and am ount of reagents, the concentration 
m ay be between 3 and 8% .

P e r c h lo r o e th y le  n e  m a y  r e a d ily  b e  u s e d  to  r ep la c e  th e  ca rb o n  
te tr a c h lo r id e , b u t  o th e r  s o lv e n t  s u b s t i tu t io n s  s h o u ld  b e  m a d e  
o n ly  a ft e r  a n  a d e q u a te  s t u d y  o f  th e  e f fe c ts  in v o lv e d .

In  the presence of colored m aterials which are otherwise 
negligible in effect, a  pH  m eter and glass electrode m ay be used 
to  determ ine the titra tion  end point in an open vessel if vigorous 
stirring  is provided.

RESULTS

D eterm inations by five analysts using fifty-seven samples of 
detergent of known organic content (35 to  55%) established th a t 
the p-toluidine m ethod as outlined above is precise to ±0 .23% . 
The accuracy is subject to  sampling errors and to  accuracy of the 
standard ization  of alkali in  term s of organic titer. In  rou tine  
practice, however, over a  12-month period, results by this method 
have checked those obtained by the usual “ difference” methods 
to  ± 0 .5 % , and have cu t the elapsed tim e for a single determ ina­
tion from about 5 hours to  20 minutes.

By slight variations in  technique the m ethod proposed for solid 
detergent m ixtures has been applied successfully to  various 
process slurries and to  liquid detergent and w etting preparations 
containing nonreactive diluents. Replacem ent of benzene w ith 
toluene, phenol, or naphthalene as the source of ary l group in  the 
detergent introduced no complexity of m anipulation.

Sodium benzene sulfonate alone or mixed w ith  detergent sam­
ples rem ained undetected under the conditions of the method.

A few of the commercial detergents tested for adaptab ility  to 
the outlined procedure are listed in  T able I. D a ta  were not 
available on all the samples for drawing inferences about accu­
racy from the titra tion  values, so such calculations w'cre 
om itted entirely. Each sample seemed to have sufficient homol­
ogous nature to  m ake i t  amenable to  th is procedure w ithout the 
undesirable crystallizing effects exhibited by such compounds as 
pure dodecylbenzene sodium sulfonate.
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New Standard Samples
T he N ational Bureau of Standards, W ashington 25, D . C., has 

inaugurated a series of standard sam ples for use in the preparation  
of buffer solutions of known pH  values from 0 ° to 60° C ., and in the  
calibration of instrum ents for the m easurem ent and control of pH . 
Three standards of this series are now available, acid potassium  
phthalate, potassium  dihydrogen phosphate-disodium  hydrogen  
phosphate, and borax (sodium tetraborate decahydrate). T he tw o  
phosphates are intended to  be used together. Four new  standard  
steels have also been added to the list. Table I shows sam ple  
numbers and fees of the new' standards.

Orders should give both the number and the name of the sam ple 
wanted. N o  sam ples of smaller size than those listed are distributed, 
and rem ittance should accom pany order.

T he bureau now issues more than 300 different kinds of standard  
sam ples, comprising steels, irons, ferroalloys, nonferrous alloys, ores, 
ceramic materials, certain high-purity chem icals, hydrocarbons, 
paint pigm ents for color, oils for viscom eter calibrations, certain  
reference standards, and m elting-point standards. C om plete informa­
tion is given in the Supplem ent to Circular C398, which can be ob­
tained free of charge upon application to the bureau.

Sam ­
ple
No.

185

186

187
139

152

155

156

M ateria l

Acid po tassium  p h th a l­
a te  1

P o tassium  dihydrogen 
phosphate  (186-1) 

D isodium  hydrogen 
phosphate  (186-11) 

Borax
Steel (N .E . 8637) (ap­

proxim ately  0.5 N i, 
0.5 C r, 0.17 M o) 

Steel (B .O .H .) (tin - 
bearing  app rox i­
m ately  0.04 Sn)

Steel (approxim ately  
0.5 C r, 0.5 W)

Steel (N .E . 9450) (ap ­
proxim ately  1.4 M n, 
0:5 N i, 0.4 C r, 0.13 
Mo)

Table 1
R ecom ­ A pproxi­ Price
mended m ate per
Concen­ p H  Value W eight of Sam ­
tra tio n a t  25° C. Sam ple ple

M ole/liter
o f solution Grams

0 .0 5 4 .005 60 $3 .00

O.O2 I
( 6 .866 60 6 .0 0

0 .02J
0 .01 9 .177 30 3 .0 0

150 3 .0 0

150 2 .0 0

150 3 .0 0

150 3 .0 0



Colorimetric Determination of Nickel in Bronzes
G . H A I M  A N D  B. T A R R A N T , A rc  Manufacturing Co., L td ., London W .1 2 , England

A  method is described for the colorimetric determination of nickel 
in bronzes. Copper is separated by precipitation with ammonium 
hypophosphite and subsequent filtration. The nickel is then deter­
mined by measurement of the color produced by dimethylglyoxim e 
in the presence of citric acid, iodine, and ammonia. The method is 
rapid (one determination can be completed in less than 30 minutes) 
and of sufficient accuracy for routine purposes.

V ARIOUS color reactions have been suggested for the colori­
metric determ ination of nickel bu t dimethylglyoxime is so 

far still the best reagent for this particular purpose. This reac­
tion is based on the fact th a t a red or reddish-brown solution is 
produced when dimethylglyoxime is added to an alkaline solution 
containing nickel, provided th a t it  has previously been treated 
with an oxidizing agent such as bromine water or iodine solution. 
The colored compound is nickelic (IV) dimethylglyoxime. Its 
color depends on the method of preparation—i.e., whether the 
oxidant was added to  the solution when it was still acid or after it 
had been made alkaline.

Feigl (3) first described th is reaction and Rollet (14) suggested 
a few modifications in order to make it suitable for colorimetric 
purposes. Subsequent investigators have used it for the deter­
m ination of nickel in steel {2, 5-12, 14, 16), where its use has be­
come extensive. The interference of iron can easily be eliminated 
by adding citric or ta rtaric  acid. However, the method is not 
directly applicable in the presence of considerable amounts of 
copper, and as far as the present authors can ascertain, there have 
been only three methods described in the literature for its applica­
tion to the determ ination of nickel in bronzes {1, 4, 13).

Haywood and Wood (4) recommend the direct colorimetric 
determ ination of nickel in  the presence of copper. By the use of 
special filters and a  suitable blank the difficulties arising from the 
presence of copper are overcome, bu t this method can be used only 
for nickel contents up to 5%.

There is an  earlier reference by Dietrich (1) to a similar method, 
b u t ap a rt from stating  th a t nickel is determined in an alitjuot 
portion of the solution used for copper, the only information given 
is th a t bromine water, ammonia, and dimethylglyoxime are re­
quired. Results could be obtained within 10 to 15 minutes for 
nickel contents up to 15%.

Ochotin and Sytschoff {13) developed a method for the colori­
m etric determ ination of nickel in alloys, which they claim to be 
rapid and accurate enough for routine analysis. B ut they state 
th a t if copper is the major constituent of such an alloy a separa­
tion—e.g., by electrolysis—has to be carried out although this 
separation need no t be quantitative. After removal of the copper 
the nickel is precipitated by dimethylglyoxime. The solution 
containing the precipitate is then transferred to a separating 
funnel and treated  w ith ether, with the effect th a t the entire 
precipitate becomes dispersed in the ether. The aqueous solution 
is then drained off and alcohol and collodion are added to the 
ether suspension. The resulting colored solution is compared 
w ith standard  solutions of known nickel content prepared under 
sim ilar conditions. This method was tried out bu t the separation 
w ith ether was tedious and investigations to find a more practical 
m ethod were continued.

Since the method for steel was no t directly applicable to bronzes 
on account of the interference of the copper, the problem was to 
find a quick method of separating this element. As small quanti­
ties of copper are no t detrim ental, such a  separation need not 
necessarily be quantitative. The usual methods of separating 
copper—i.e., by electrolysis or by gassing w ith hydrogen sulfide— 
were not adopted, as the former requires the use of additional 
apparatus and the la tte r  is objectionable on account of the 
obnoxious fumes of the hydrogen sulfide, and the tendency of 
copper sulfide to become colloidal makes i t  difficult to  filter. A 
search through the literature was, therefore, carried out to find 
o ther suitable methods of separation. I t  was found th a t Turbin

{15) had attem pted to separate copper and nickel by means of 
iron powder. This was tried out bu t results were not very prom­
ising. Next, an a ttem pt was made to  reduce the copper by 
means of a sugar solution in the presence of alkaline sodium 
potassium ta rtra te . This reaction is commonly used for the 
determ ination of sugar in urine and i t  was considered th a t it 
m ight well be applied in the reverse direction. The tests v'ere 
fairly successful and the only disadvantage appeared to  be 
caramelization of the sugar which made it  necessary to  boil the 
solution afterwards with nitric acid in order to  destroy the color.

Finally, another method v’as investigated using a  solution of 
ammonium hypophosphite as reducing agent. This effectively 
precipitates the copper a t low acid concentrations, yielding a 
precipitate which is easy to  filter. Although the copper is not 
quantitatively removed in this way, the small am ount which 
remains does not seriously affect the subsequent colorimetric 
determ ination of nickel. An excess of hypophosphite has no in­
fluence on the reaction, as sufficient iodine is added for its com­
plete oxidation.

REAG ENTS USED

Ammonium hydroxide, specific gravity 0.88.
Ammonium hypophosphite solution, 5%.
Citric acid solution, 10%.
Dimethylglyoxime solution, 1% in alcohol.
Iodine solution, 0.1 N:  12.69 grams in 50 ml. of w ater con­

taining 25 grams of potassium iodide. Solution m ade up to 1000 
ml.

N itric acid, 1 to  1.

PROCEDURE

Transfer 0.1 gram of fine drillings of the alloy to a 100-ml. 
beaker and add 2 ml. of nitric acid. H eat until solution is com­
plete and then evaporate gently until a greenish color is obtained. 
Dilute to  20 ml. with distilled w ater and add 5 ml. of ammonium 
hypophosphite solution. H eat to boiling and boil for 3 minutes, 
then remove from hot plate and allow to cool. F ilter through 
a W hatm an No. 541 filter paper (11-cm.) and wrash w ith tepid 
w ater until bulk is approximately 150 ml. Cool the filtrate, 
transfer to  a  250-ml. volumetric flask, and make up to the mark. 
Transfer 25 ml. of this solution to  a 100-ml. volumetric flask and 
add in the following order, shaking well after each addition:

10 ml. of citric acid 
2 ml. of iodine solution 

10 ml. of ammonium hydroxide solution 
4 ml. of dimethylglyoxime solution

Finally m ake up to 100 ml. w ith distilled water.
Shake the flask well and allow to stand for a t  least 10 bu t no t 

more than 30 minutes, and measure the color produced by 
means of a Zeiss Pulfrich photometer, using the photom eter fila­
m ent lamp with filter S53 (having a  mean transmission of 
5300 A.), and distilled w ater as comparison. (Any other type of 
colorimeter may be used with suitable filters.)

The method as described above was found to  be applicable for 
nickel contents up to  5% . For nickel contents between 5 and 
10% a 10-ml. aliquot should be taken and the result multiplied by 
2.5. For nickel contents above 10%, proportionately smaller 
aliquots should be taken.

This method wras first investigated on standard  solutions con­
taining a known am ount of nickel and copper (Table I). Solu­
tion A contained 10 grams of copper per liter and solution B con­
tained 0.2 gram of nickel per liter. These solutions were mixed 
in the proportions indicated and treated  in the way described 
above.

The graph based on these figures w as found to  be a  straight line 
passing through the origin, proving th a t the color is strictly  pro­
portional to the concentration of nickel, and thus tru ly  follows 
Beer’s lawr.

51
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Table I. Determination of N ick e l in Standard Solutions
Solution N i, M g. Cell, M m. R eading K

1. 10 ml. A +  5 ml. B 1 .0 30 0 .3 6 0 .12
2 . 10 ml. A 4- 10 ml. B 2 .0 30 0 .76 0.253
3. 10 ml. A +  15 ml. B 3 .0  . 10 0 .36 0 .36
4. 10 ml. A - f  20 ml. B 4 .0 10 0 .49 0 .49
5. 10 ml. A +  25 ml. B 5 .0 10 0 .63 0 .63
6 . 10 ml. A +  30 ml. B a 6 .0 20 0 .5 8 0.725

a 10-ml. a liquo t taken  and  reading m ultiplied by  2.5; hence:
A djusted  coefficient *= 0 .725

Table II. Determination of N ickel in Standard Bronze
Ni (from
S tandard Ni

Standard Cell Reading G raph) (G ravim etric) D eviation
M in, K % % %

H A R 30 0.21 0 .07 0 .55 0 .5 0 +  0 .0 5
HAS 30 0 .99 0 .33 2.67 2 .6 6 +  0.01
H A T 30 1.00 0 .33 6 .75 6 .72 +  0 .03
HAU 10 0.40 0 .4 0 7.98 7 .92 +  0 .06
D T D  174 30 0 .50 0.167 1.37 1.35 +  0 .02
D T D  164 30 0 .02 0 .34 2 .76 2 .75 +  0.01
D T D  197 10 0 .63 0 .63 5.13 5 .10 +  0 .03
D T D  412 10 0 .60 0 .6 0 4.90 4 .8 8 + 0 .02
D T D  498 30 0.84 0 .2 8 2 .27 2 .22 + 0 .0 5
D T D  504 30 0 .7 8 0 .2 6 2 .1 0 2 .0 5 + 0 .0 5
P-bronze 30 1.22 0.407 3 .3 0 3 .2 8 + 0 .02
M n-bronzo 30 0 .5 0 0.167 1.34 1.14 +  0 .2 0
Ni-bronzc 30 1 .30 0.433 17.6 17.5 +  0 .1 0

The method was then tried ou t for a num ber of standard 
bronzes, the nickel content of which had previously been obtained 
gravimetrically (Table II).

In  the case of the high-nickel bronze, the solution was made 
up to  500 ml. and a  10-ml. aliquot taken. The reading was then 
multiplied by 5. The results corresponded well w ith the gravi­

m etric values, the greatest accuracy being found for nickel con­
tents above 3% .

The tim e required for a single determ ination is approximately 
30 minutes, and very much less if a  batch of samples is investi­
gated a t the same time.
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Removal of Peroxides from Organic Solvents
W A L D E M A R  D A S L E R  a n d  C L IF F O R D  D. B A U E R  

Nutrition Research Laboratories, Chicago, III.

A  rapid and efficient method for removal of peroxides from organic 
solvents by means of activated alumina is presented. Since no 
moisture is added, the method is directly applicable to dioxane and 
anhydrous solvents.

TH E autoxidation of ethers and certain other organic solvents 
during storage gives rise to  the formation of peroxides. The 

distillation of any of a  wide variety  of ethers containing appre­
ciable quantities of peroxide m ay result in dangerous explosions 
(14)- Peroxide-containing isopropyl ether appears to  be particu­
larly  hazardous in this respect, violent explosions of its  distilla­
tion  residues having occurred as a result of heating a t  tem pera­
tures well below 100° C. or even from mechanical shock alone 
(3, 7).

The octane numbers of synthetic gasolines are appreciably 
lowered by the form ation of peroxides during storage, b u t can be 
largely restored by removal of the peroxides (I, 11).

T he use of peroxide-containing liquids as solvents for sub­
stances which are easily oxidized necessitates the prior removal 
of the accum ulated peroxides. A large num ber of m ethods for 
accomplishing such purifications have been proposed from time 
to  time.

Peroxides, aldehydes, unsaturated  compounds, and acids can 
be effectively rem oved from im pure ether by shaking w ith aqueous 
silver hydroxide precipitated in  situ  w ith an excess of alkali (IS). 
A commonly used laboratory m ethod of freeing ethyl ether of per­
oxides consists in treating  the ether w ith an aqueous solution of

ferrous sulfate (14). Aqueous solutions of sodium bisulfite, acidi­
fied potassium iodide, sodium sulfite (14 ), and  potassium per­
m anganate (7) have also been recommended. Peroxides may 
also be eliminated from ether by distilling over either alkaline 
pyrogallol or alkaline perm anganate and then passing a  fine spray 
of the condensed ether through a  strongly alkaline solution of 
either reagent (8). All these methods have the disadvantage of 
necessitating the addition of water which, if an anhydrous solvent 
is desired, m ust subsequently be removed. Furtherm ore, they 
are no t suitable for the treatm en t of m any water-miscible liquids 
such as dioxane or some of the monoalkyl ethylene glycol ethers 
(Cellosolves).

The purification of ether w ith alkali m etals (10) or hydroxides 
(6, 10) eliminates both  peroxides and aldehydes but, in common 
w ith the above methods, also requires a  distillation procedure. 
Two recently developed methods for destroying peroxides are 
applicable to  dioxane as well as to  some of the acyclic ethers (8). 
These consist in shaking the dioxane w ith stannous chloride and 
distilling off the dioxane and refluxing w ith lead dioxide and 
filtering through a  tigh t filter paper.

The only previous report on th e  use of an adsorbent for the 
elimination of peroxides in  ether appears to  be th a t of RaeTP) who 
found th a t when peroxide-containing ether was shaken w ith 1.1% 
of anim al charcoal and allowed to stand, the peroxides gradually 
decreased and in 54 days finally disappeared. H arris and Welch
(4) found th a t certain carbons removed the compounds which 
were responsible for a  positive K reis test in a  cottonseed oil.

A ctivated alum ina has previously been recommended for the 
continuous commercial drying of organic liquids (2). In  con­
nection w ith the chemical study of certain oxygen-labile steroids 
in  these laboratories, it  was found th a t peroxides could be com­
pletely and quickly removed from m any organic solvents by 
merely passing them  through a vertical column of activated
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alumina. The peroxides were not decomposed or converted into 
other products by the alumina, bu t were removed from solution 
by adsorption. The aldehyde contents were also reduced by this 
treatm ent, as was evidenced by testing w ith 2,4-dinitrophenyl- 
hydrazine. The purified solvents did, however, give positive re­
actions with the Schiff fuchsin-aldchyde reagent. Because the 
urgency of other problems prevents undertaking a more compre­
hensive study of the removal of peroxides and aldehydes by ad­
sorbents and because of the potential usefulness of this technique 
to others, the results are being published a t  this time.

PROCEDURE

Grade F-20 chromatographic Alorco activated alum ina ( —80- 
mesh) was supported in an upright chromatographic adsorption 
tube by a clean cotton plug. The dry alum ina was poured into 
the tube while the tube was being jarred to obtain good settling 
of the adsorbent. A wisp of cotton placed on top of the adsorbent 
protected the surface of the adsorbent from agitation.

A generous layer of the solvent to  be purified was placed on top 
of the adsorbent, the rem ainder of the solvent then being added 
by means of a dropping funnel fitted into the top of the tube with 
a  rubber stopper. The flow of the liquid through the column 
was greatly accelerated by means of air pressure applied to the 
liquid in the dropping funnel. The compressed air which fur­
nished the air pressure was passed through a  safety bottle of the 
type commonly used in  reduced pressure distillations. The valve 
of the safety bottle was left open. This prevented the building 
up of objectionable pressures. The pressure was regulated satis­
factorily by adjustm ent of the valve in the compressed air line.

D e t e r m i n a t io n  o f  P e r o x i d e s . Peroxide values of the origi­
nal solvents as well as of successive portions of solvents which 
had passed through the alumina columns.were determined by an 
iodometric method based on W heeler’s method of determining 
peroxides in  fats and oils (13). Five to 50 ml. of solvent, depend­
ing upon its peroxide content, were mixed w ith 30 ml. of a 40 to 
60 chloroform-glacial acetic acid mixture. One milliliter of 
saturated  aqueous potassium iodide solution was added and the 
flask was rotated for 1 m inute. A t the end of the 1-minute 
interval, 50 ml. of w ater were added and the m ixture was imme­
diately titra ted  with 0.01 N  sodium thiosulfate, using starch as 
an  indicator.

Table I. Comparison of Iodometric and Permanganate Methods for 
Determination of Peroxides in Solvents

Solvent

Aqueous IIîO j 1 
Aqueous H 2O2 2
Aqueous H2O22 -f- form aldehyde0 
Aqueous I I2O2 2 +  acetaldehyde®
E th y l e th e r 1
E th y l e ther 1 +  form aldehyde0 
E th y l e th e r 1 4- acetaldchyde0 
E th y l e ther 1 4* H 2O2 
E th y l e ther 9*»
E th y l e ther 9 +  form aldehyde0 
E th y l e ther 9 4* acetaldehyde0 
E th y l e ther 2
E thy l e th e r 2 +  cinnam aldéhyde0 
E th y l e ther 3
E thy l e ther 3 th rough AhOj 
E th y l e ther 4 
E th y l e th e r 5
E th y l e ther 5 th rough AhOj 
Skellysolve F  
Dioxane 
n -B utyl e ther

0 Solvent allowed to  s tan d  30 m inutes a fte r add ition  of aldehyde before 
being titra te d .

h E th e r p repared  by  adding som e ether having  a very  high peroxide con­
te n t to  peroxide-free ether.

O mitting the chloroform-acetic acid m ixture and supplying 
the necessary acid by the addition of 1 ml. of glacial acetic acid did 
not yield good results—i.e., in some cases (n-butyl ether) no 
satisfactory end point could be obtained and in some cases where 
a very sharp end point was obtainable (dioxane) the values were 
low.

The determ ination of adsorbed peroxide was made on the 
alum ina after its removal from the tube. The peroxides were

Peroxide C onten t
I I I

Iodo­ P e r­
m etric m anganate

m ethod m ethod I I / I
Micromoles o f Or per liter

10,000 10,600 1.06
333,000 349,100 1.05
304,400 294,600 0 .97
155,700 338,200 2 .2

0 .0 0 .0
0 .0 0 .0
0 .0 0 .0

6,200 9,200 i.’s
4,600 7,850 1 .7
4,020 8,510 2 .1
3,840 9,160 2 .4
6,700 9,200 1.4
6,800 138,600 20 .4

127 130 1.02
0 .0 0 .0

56,100 63,800 i.’ i
46,800 88,100 1.9

0 .0 0 .0
0 .0 0 .0

95,600 36,600 0.'4
56,200 12,400 0 .2

eluted by shaking the alum ina briefly with sufficient chloroform- 
acetic acid mixture (30 ml. for 18.5 grams of alumina). One 
milliliter of saturated  potassium iodide solution was added and 
the determ ination was carried out by the procedure used in 
determining the peroxides in solvents.

Table II. Removal of Peroxides from Ethers
[1 .9  X 33 cm. AljOj colum ns (82 gram s of AI2O3)]

Solvent

E thy l e ther 3 
(absolu te)0 

E th y l e ther 6 & 
E th y l e ther 7 C 
E th y l e ther 8<* 
n-B utyl ether* 
D ioxane I f  
D ioxane 2o

Peroxide
C onten t

Micromoles
Or/l.

127

1,870
3,070

31,490
61,930
37,500

299,600

Volume Com ­
pletely Freed 
from  Peroxide

M l.
7000

200
250
100
350
200
100

Peroxide Rem oved
P er 100 gm.

AI2O, 
Micromoles

Or

P er column 
Micromoles 

Or
88.9°

374
918

3,150
21,680

7,500
29,960

460
1,120
3,840

20,400
9,150

36,500

0 T o ta l supply  700 ml. AI3O1 colum n was s till able to  rem ove peroxide 
com pletely when all available so lvent had  been tre a te d .

& U.S.P. e ther in  clear glass bo ttle  several m onths. 
c U .S .P . e ther in  clear glass bo ttle , th en  dried with CaClj. 
d J. T. B aker e thy l ether, “ for fa t ex traction , purified, d ried” , in a pa rtly  

filled am ber glass bo ttle  in dark  for over 3.5 years.
* In  am ber glass bo ttle  over 3.5 years.
/  C ontained  no peroxides when received. Opened to  adm it air, closed, 

shaken, and  allowed to  s tan d  in original am ber glass b o ttle  for one m onth .
0 In  screw -top m etal container for over 2.5 years.

The iodometric method oi determining peroxides in solvents 
was compared with the perm anganate titra tion  m ethod of King 
(5). Table I shows th a t the perm anganate method gave con­
sistently  higher results w ith ethyl ether b u t th a t the ratio  of these 
results to  those obtained by the iodometric m ethod varied widely 
for different samples of ether. These differences in results are 
thought to be duo partly  to the titra tion  of substances o ther tha'n 
peroxide by the potassium perm anganate and partly  to  a  pos­
sible incomplete recovery of peroxide by the iodometric method. 
The potassium perm anganate titrations for peroxide in dioxane 
and n-butyl ether unexpectedly gave much lower results than  the 
iodometric method, possibly because of a greater stability  of these 
peroxides toward potassium perm anganate. All solvents which 
were shown to  be free of peroxides by one method were negative 
by both  methods.

The authors have made no a ttem p t to  determ ine the reasons 
for the discordant results obtained by the two methods. Because 
the iodometric method was more convenient and was satisfactory 
for their purposes, th e  results reported below were all obtained 
by this method.

RESULTS

A num ber of ethers were passed through 1.9 X 33 cm. columns 
of activated alum ina containing about 82 gram s of the adsorbent. 
Peroxide determ inations were made on successive 50-ml. portions 
of each solvent after i t  had passed through the alum ina. Table 
I I  shows the volumes of these solvents which were completely 
freed from peroxides by passage through such a  column.

On continuing to  pass the solvents indicated in Table I I  other 
than  ether 3 through the columns, succeeding portions of each 
solvent contained increasing am ounts of peroxide—i.e., the  vol­
umes indicated in the table exhausted the ability of the alumina 
to  remove peroxides completely from the respective solvents. 
Larger columns can, of course, be used to  free proportionately 
larger volumes of solvent from peroxides.

T he 700 ml. given in the table for ethyl ether 3 also represent 
the to ta l supply of th is ether which was a t  hand. I t  is likely th a t 
a  very much larger volume of th is solvent could have been purified 
had it  been available.

A comparison of ethers 0 and 7 indicates th a t  the m oisture 
content of th e  ether affects the efficiency of the peroxide removal.
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A larger volume, of the dried ether was purified even though its 
peroxide content was double th a t of the other.

Activated alum ina appears to  vary in its efficiency for remov­
ing peroxides w ith the nature  of the solvent being purified. Thus, 
its  capacity for removing peroxides was m uch greater for n-butyl 
e ther than  for ethyl ether.

A ctivated alum ina seemed to  work more efficiently w ith the 
solvents having the higher peroxide contents. O ther factors such 
as aldehyde or acid content may, however, have been partly  re­
sponsible for this. The effect of the ra te  of flow of the solvent 
was no t investigated.

Three Skellysolve petroleum fractions, which contained per­
oxides, were freed from peroxides by passing each through
18.5 grams of activated alum ina in separate columns 1.5 X 10 
cm. in size. T he peroxides had developed in the petroleum 
fractions by autoxidation after being redistilled and stored in 
partly  filled clear glass containers exposed to  daylight for several 
months. The volumes which were treated  are indicated in  Table 
I I I .  Because these volumes exhausted the available supply of 
peroxide-containing Skellysolves, the to ta l capacity of the col­
umns for completely removing peroxides from these solvents 
could not be determined; in no case was the peroxide-removing 
capacity of the column exhausted.

Table III. Removal of Peroxides from Petroleum Fractions

Petroleum
Fraction

Skellysolve B 
Skellysolve C 
Skellysolve F

[1 .5  X 10 cm. AliOj colum ns (18 .5  gram s of AljOa)] 
Volume T rea ted

Peroxide C onten t 
Micromoles O t/l.

154.0
33 .6
48 .0

and  Com pletely 
Freed of Peroxide 

M l.
648°
600°
650°

Peroxide R em oved 
Micromoles O2

99 .8
20 .2
3 1 .2

° These volum es exhausted  supp ly  of solvents. M uch larger volumes 
p robab ly  could have been purified had  th ey  been available.

T h a t activated  alum ina removes peroxides from solvents by 
adsorption rather than  by decomposition is clearly indicated in 
Table IV. The “peroxide removed from solvent” was calculated 
from the difference in  the peroxide content of the solvent before 
and  after passing through the alum ina column. The “adsorbed 
peroxide” was determined by titra tin g  the alum ina itself after 
passage of th e  organic liquid.

T he removal of peroxides from organic solvents by means of 
activated alum ina appears to have certain advantages over most 
of the m ethods which have been reported. T he fact th a t the 
elimination of peroxides by alum ina takes place by adsorption 
is of decided advantage in purifying solvents in  those instances 
where the presence of peroxide decomposition products m ight bo 
objectionable. The m ethod is simple and rapid and requires no 
equipm ent no t readily available. Since no m oisture is added to  
the  solvent to  be purified, the m ethod is directly applicable to  di- 
oxane and to  anhydrous solvents.

Table IV .  Adsorption of Peroxides
(18 .5  gram s oi AliOj)

Solvent

E th y l e ther 
M ethy l Celloeolve 
Skellysolve B 
D ioxane

Peroxide R em oved 
from  Solvent 
Micromoles Oi

87 .4
34 .6
99 .8

2 ,990.0

A dsorbed Peroxide 
Found in  A lum ina 

by  T itra tio n  
Micromoles Ot

86 .4
35 .4  
96 .0

3 ,040.0
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A  Constant Reflux Ratio Distilling Head
L L O Y D  BERG  

G u lf Research & Developm ent Company, Pittsburgh, Pa.

O N E  of the m ost troublesome problems in Carrying out a dis­
tillation of laboratory or pilot-plant scale is the m ainte­

nance of a  constant reflux ratio. In  any distillation upon which 
calculations are to  be m ade and on m any precise analytical dis­
tillations as well, i t  is essential th a t  the reflux ratio  be constant 
and  known.

The simplest and m ost common way of obtaining reflux ratio  
is use of a  stopcock to  remove a  fraction of the liquid from the 
to ta l condensate. P artia l constriction of a capillary w ith  mer­
cury (6) or a  nonlubricated glass value {8, 10) has been used to  
elim inate the stopcock (d). Some shortcomings and  operating 
difficulties associated w ith still heads which depend upon th ro t­
tling  of product for reflux control are (4) :

'1. The reflux m ust be laboriously and painstakingly con­
trolled by m anual adjustm ent of the stopcock.

2. The reflux ratio  m ust be determ ined by drop-counting— 
a time-consuming and often inaccurate process.

3. Accumulation of d ir t particles, grease, or drops of insoluble, 
high surface tension liquid such as w ater in the regulating stop­
cock greatly affects the reflux ratio, usually requiring in terruption  
of the distillation.

4. T he reflux ratio  varies w ith the ra te  of distillation, since 
the ra te  of product take-off rem ains fixed.

5. A  heterogeneous (two-phase) system  cannot be distilled 
because more of one layer, usually the lower, is removed and 
equilibrium is thus destroyed.

T he accum ulative effects of these difficulties result in frequent, 
sometimes alm ost constant, a tten tion  to  each still in order to  get 
satisfactory distillation; uncertain ty  and variability  of th e  con­
ventional still head, making i t  difficult to  do a  reproducible and 
good analytical distillation ; near im possibility of carrying ou t a
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distillation suitable for precise calculation; and inability to 
handle a distillation yielding a  heterogeneous overhead product.

Throttling the vapor instead of the condensed product elimi­
nates the difficulty encountered w ith heterogeneous distillates.

A constant reflux ratio  has been obtained by the use of inter­
m itten t take-off, by dividing the condensate into two streams, or 
by dividing the condensing surface into proportional parts. The 
in term ittent take-off type usually employs a solenoid operated 
by a  tim ing device. The removal of a  portion of the condensate 
is effected by a  swinging funnel {2), a  swinging wire, a  ball and 
seat, or a  plunger and seat (7). One of the la test in term itten t 
arrangements utilizes pressure change to  withdraw the product
(9). M ost of these devices are no t easily bu ilt and in addition 
have the difficulties associated with a complex system and m any 
moving parts.

Dividing the condensed phase into two stream s has been ac­
complished by capillaries (1) or by a glass arc (5).

Heads separating reflux by means of proportional condensing 
surfaces are of two general types. One type consists of a  number 
of vertical tubes in  parallel arranged similar to  a tube bundle heat 
exchanger. T he vapor is condensed on the inner surface of the

tubes. Funnels are placed under a few of the tubes to catch the 
distillate, the  condensate from the rem aining tubes being re­
turned as reflux. The Corad type head (S) condenses the vapor 
on th e  inside of one tube  which is divided by means of vertical 
strips into several parallel surfaces. The condensate from one 
surface is taken off as product while the rem ainder is returned as 
reflux to  the column. These heads operate very satisfactorily, 
bu t they are no t easily fabricated from glass.

A distilling head of the noninterm ittent type has been designed 
(Figure 1) which gives a constant reflux ratio  regardless of dis­
tillation rate, has no moving parts, and can be readily built by a 
skilled glass blower. The vapor is condensed on the concave 
(inside) surface of a vertical tube which has a  gu tter or trough 
around its  lower inside perimeter. The trough is divided into 
sections and each section has a hole and its own downspout or 
drip. The downspouts are arranged to  lie in a circle and either 
they or the receiving cup m ay be ro tated  to  take product from 
any (or none) of the downspouts. The length of the section of 
trough compared w ith the to ta l trough length determines tho 
reflux ratio  obtained from each section.

Figure 1 shows the arrangem ent when the receiving cup is 
fixed and the downspouts are rotatable by means of a standard- 
taper ground-glass joint. The head shown had the condensing 
section m ade from 48-mm. tubing, the lower chamber from 56- 
mm. tubing; the downspouts, 5-mm. tubing; a 55/50 standard- 
taper jo in t to  ro tate tho downspouts, and a 35/25 ground-glass 
ball jo in t to a ttach  it  to  the distilling column. The trough was 
divided into four sections, approximately 180, 90, 60, and  30 
degrees. This would give reflux ratios (am ount returned: 
am ount removed) of 1 to 1, 3 to 1, 5 to 1, and 11 to 1. Calibra­
tion of the head gave actual reflux ratios of 0.9 to 1, 3.8 to  1, 5.2 
to 1, and 8.5 to 1. The only critical dimension seems to  be the 
diam eter of the downspout giving the lowest reflux ratio. I t  
m ust be sufficient to  prevent trough overflow up to column 
capacity. The condensing tube m ust be clean ana smooth and 
be kep t vertical, so th a t channeling will no t occur. The head 
operates satisfactorily under vacuum, provided the receiver is 
connected by an additional line to  the ven t a t the top of the 
condenser. Heterogeneous distillates are handled w ithout diffi­
culty.

This type of distilling head has the following advantages:

I t  gives a  constant reflux ratio  regardless of distillation rate 
Almost any reflux ratio  can be obtained by proper design.

I t  requires no a tten tion  while in operation.
I t  has no moving parts or auxiliary equipm ent. I t  does not 

have excessive holdup and its  cost of construction is low.
I t  can be operated under vacuum or pressure, and can handle 

heterogeneous as well as homogeneous condensates.
I t  can be readily built by a skilled glass blower w ithout re­

course to special tools or parts.

T he num ber of reflux ratios obtainable w ith a single head is 
limited by the num ber of downspouts th a t  can be built into 
the head.

A C K N O W L E D G M E N T
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Laboratory Study of Continuous Vegetable O il Extraction

Countercurrent Extractor, Rising-Film Evaporator, 
and- O i l  Stripper

A .  C. BECKEL, P. A .  BELTER, a n d  A .  K. S M IT H  

Northern Regional Research Laboratory, Peoria, III.

Apparatus useful for studies of continuous vegetable oil extraction 
in the laboratory are described in a continuous countercurrent 
extractor capable of supplying essential data, such as completeness 
of oil extraction, contact tim e, solvent-to-solid ratio, miscella com-

position, and solvent carry-over; a rising-film evaporator of the 
natural circulation type provided with a separator for continuous oil 
removal; and a new and efficient o il stripper providing turbulence 
and thin films by operating against gravity and against surface tension.

TH E  development of apparatus for the laboratory study of 
continuous countercurrent extraction of vegetable oils with 

ethanol stems from difficulties encountered in obtaining pertinent 
information by the usual batch-extraction methods both in the 
laboratory and in the pilot plant. These difficulties include the 
lack of information regarding the requisite ratio of solvent to 
solid, proper-contact time between them in the extraction step, 
the deleterious effect on the oil and by-products caused by  pro­
longed heating encountered in batch concentration, and the diffi­
culties due to  overheating and foaming encountered in stripping 
the last portions of solvent from the oil.

These difficulties are discouraging to  anyone attem pting  to 
evaluate in the laboratory any solvent for use in oil extraction.

However, the value of results from laboratory-size equipm ent 
capable of continuous operation is of course enhanced when 
essential details of p lan t operation are duplicated, since, as has 
been pointed ou t (#), the “results obtained from one (laboratory- 
scale process equipment) carefully operated are probably more 
accurate than  those obtained in m ost commercial operating te s ts” . 
In an endeavor to  achieve this goal, equipm ent was devised a n d  

trial periods of actual laboratory use were given to it. The pieces 
of equipm ent described here give data  which are comparable to  
commercial operation. However, some of them  are new a n d  

further work is needed to establish the feasibility of their large- 
scale operation.

Figure 1 . Continuous Countercurrent V eg e tab le  O i l  Extractor

56
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The essential details of the equipm ent m ay be considered as a 
group of three divisions which may be designated as the ex­
traction un it (including the dryer), the solvent- and by-product- 
recovery unit, and the oil-stripping unit.

In  order to  accum ulate information for a m aterials balance, the 
extraction unit m ust contain means for uniform input of solvent 
and oil-bearing solid and control over products to perm it analyti­
cal determination of the effect of the extraction. Furtherm ore, 
the solvent and solid feed m ust be variable over such ranges as to 
permit the extraction study to include significant solvent-to-solid 
ratios. Variability of the speed of the solids conveyor is also 
essential for determ ination of the proper time of contact between 
solvent and oil-bearing solid.

Im portan t to  the separation and recovery of the major fraction 
of the solvent is the effect of heat on the dissolved substances. 
This effect varies w ith the variety of oil extracted, since some oils 
undergo changes, such as perm anent darkening, more readily 
than others. The heat effect varies also w ith the solvent used, 
since th a t detenuines the quantity  and character of material 
other than  oil which is dissolved. In  any case, heating of pro­
longed duration, such as occurs in the pot-still type of batch con­
centration, is avoided in commercial practice by using the falling 
film, packed column, or rising-film type of evaporator where the 
liquid in the process of evaporation passes rapidly over the 
heated surfaces.

The effects of heat receive even greater emphasis when the 
solvent remaining after evaporative concentration is stripped 
from the oil. This residual solvent can be removed under 
ordinary pressures only a t  relatively higher tem peratures than 
prevail in the first, stage of concentration (3). By sweeping with 
steam or an inert gas under reduced pressures, the tem perature 
can be greatly’ reduced, and this procedure is usually followed 
with the falling-film type of stripper, the bubble-cap tower, or 
the packed column used as the stripping apparatus. The new 
apparatus described for stripping solvents from oils m ay be 
evaluated in term s of the following discussion.

The process of stripping proceeds with greatest rapidity’ when 
th in  films are presented to the heating surfaces and to the strip­
ping atmosphere. Under such condition, heat transfer and 
diffusion of solvent-to-frec liquid surfaces take place most 
rapidly. The production of thin films in any equipm ent in which 
the liquid flows freely over a surface is complicated by the surface 
tension forces which cause the liquid to a ttem pt to  occupy the 
volume having the smallest surface area, with the result th a t 
frequently the falling film becomes a meandering trickle of appre­
ciable thickness. Similarly, capillarity, because of the proximity’ 
of surfaces in packed columns, partially circumvents the pro­
duction of th in  films. This la tte r effect leads also to channeling 
of the descending liquid and of the rising atmosphere.

E X TR A C TIO N  U N IT

A photograph of the continuous countercurrent extraction
unit including the meal dryer is shown in Figure 1. 
2 is described as to  construction and operation 
by considering the conveyor sy’stem, solvent sys­
tem, and drying system, in th a t order.

Figure

Figure 2. Continuous Countercurrent 
V egetab le  O i l  Extractor

1. Solid feed 7. Miscella outlet
2. Drive rolls 8. Heating coil
3. Solvent feed 9 . Dryer
4 to 5. Liquid level 10. Condenser
5 to 6 . Drainbaclt and solvent wash 11. Trap to aspirator

T he conveyor is made from ordinary I6-mosh galvanized iron 
window screen of the Pearle type by cutting  a strip  12.1 cm. 
(4.75 inches) wide by 8.53 m eters (28 feet) long and binding tho 
edges with cloth to prevent raveling. I t  is made continuous by 
lapping tho ends on a  bias cu t and stapling them  w ith a paper 
stapler. In  operation, i t  has been far more satisfactory and dur­
able than originally anticipated, since the present conveyor has 
had an alm ost daily use of 6 or 7 hours for about 10 months and 
will evidently' survive many m onths more.

In  conveying the oil-containing solid through the body of tho 
extractor, which consists of 45-mm. tubing bent in the shape 
shown, the screen closes around thy solid completely, and it  is 
essential th a t the quan tity  of m aterial be sufficient to fill the tube, 
or the solvent will channel past too freely. The charging opera­
tion is shown a t  1, where a weighed quantity  of m aterial is fed 
into a hopper which is m aintained a t  a  constant height above tho 
moving screen, thus supplying a  uniform feed to the extractor. 
A tabulation of the quantity  of solid required to m aintain a  given 
level of m aterial in the hopper supplies information as to  the 
grams fed per hour. T he rate  of solid feed is regulated by the 
speed of the conveyor, and that, in turn, is regulated by tho time 
of contact desired between the Solid and solvent. The screen

Table 1. Performance of O i l  Extractor
Solvent-to- C on tact

Tem pera­ Solid Ratio® Tim e, Oil Left in
Solvent tu re (W eight) M in. R esidue, %

Hexane (Skelly B) Room 1. 2 /1 55 0 .39
E th y l alcohol (absolute) Boiling 2 . 12/1 05 0 .0 2
Isopropyl alcohol Boiling 1.27/1 05 0 .54

(absolute)

° Feed ra te  of flakes 207 grains per hour.

belt conveyor is pulled through tho system by passing the belt 
between rubber rolls 2, which are driven by a variable-spced 
m otor (not shown) through speed-reducing gears, so th a t any 
contact time from 0.5 hour up to more than  1.5 liours m ay bo 
obtained.

The solvent is m etered to the extractor by a small gear pump 
driven by a  variable-specd m otor through speed-reducing gears. 
Since the gear pump would not m eter nonlubricating liquids, it 
was used to  m eter lubricating oil into a  closed container, and  the 
displaced air was used to m eter solvent to the extractor. This 
displacem ent system  is shown a t  3 w ith the point of entrance of 
the solvent into the extractor a t  3a. The solvent m aintains a 
liquid level in the extractor from 4 to 5. From 5 to 6, miscella 
(solution) drain back and fresh solvent wash takes place, while 
the miscella outlet is located a t  7. The outlet take-off tube is 
joined to  the top side of the extractor tube to perm it settling of 
fines. H ot extractions m ay be carried ou t by passing steam 
through a  neoprene coil, 8, surrounding tbe center section of the 
extractor.

Thu m ajor portion of solvent remaining on the extracted solid 
is removed in dryer 9, which is constructed of 65-mm. glass tubing 
in order to  accommodate copper heating coils in addition to  the 
conveyor belt and its  charge. A t the end of the dryer nearest 
the extractor, the size of the tubing is reduced to  45 mm . in order 
to make a  smooth and tigh t connection to the extractor. A t a 
point ju s t before the reduction in size of the tubing, a  short piece 
of 20-mm. tubing ending in a male 24-40 ground-glass jo in t is
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joined to  the dryer. T his line is con­
tinued to  a junction w ith the sol- 
en t inlet, 3a, and on to condenser 
10, which in tu rn  is connected through 
wash bottle 11 to  a w ater aspirator. 
T his aspirator is adjusted to cause 
a  very gentle m ovem ent of air over 
the heated solvent-wet solid in the 
dryer and up through the condenser, 
where the entrained solvent vapors 
a re  condensed and flow down w ith 
the solvent feed into the fresh sol­
ven t wash portion of the extractor. 
T he conveyor turns over during 
passage through the dryer and, 
on emerging, opens up to  dis­
charge the dried solid into a 
tray .

The efficiency of the extractor 
for extracting soybean oil is clearly 
indicated in  Table I. Commer- 
cial-scale operation is predicated on 
leaving a residual oil content of 
1% or less. Vapors of solvent in 
use are no t detectable around ex­
tractor.

I n f o r m a t io n  r e q u i r e d  fo r  a 
materials balance can be obtained 
w ith  t h i s  a p p a r a t u s ,  a s  w ell 
as the solvent-to-solid ratios and 
c o n ta c t  t im e s  in v o lv e d  in  r e ­
ducing the oil content any desired 
amount.

Figure 3. Continuous Natural 
Concentrator

Circulation

1. Heating surface 
S. Steam Inlet
3. Solution Inlet
4 . Disengager
5. Disengager vapor outlet
6 . Separator
7. O il  take-off

8 .
9.

10.
11,

13.
14.

Return line 
Solution take-off 
7 5 ° angle adapter 
12. Rubber connec­

tions 
Disengager outlet 
Reducing adapter

C O N T IN U O U S  N A T U R A L  C IR C U L A T IO N  C O N C E N T R A T O R

The rising-film evaporator, capable of continuous operation 
with natural circulation, is illustrated in Figure 3 and was 
assembled from standard glass equipm ent listed in glass-equip- 
m ent catalogs. This availability, the versatility  offered by a 
separator in the system, and the ease of conversion to an oil 
stripper are advantages over a  setup (/)  requiring construction 
of special units.

• £  theevaporating  unit, steam  is introduced a t  2 into the outer
which Ct *iyPl  c° ndcns?r, 1, so th a t when the solution,
which is fed into the bottom  of the condenser through reducing 
adap te r 14, reaches the heated surface, the sudden formation of 

11 ito thrown violently up the condenser 
, o ■ “?  the 75 angle adapter, 10, and the gas-inlet adapter,
13, in to  the two-necked, 2-liter, round-bottom ed flask serving 

f  a  disengager. T his oil and unevapo­
ra ted  solvent are led into the 1-liter separatory funnel, 6, which is 
of im portance in the concentration of partially  miscibie liquids 
such as alcohol and soybean oil. In  this instance, a t  the tem­
perature  of the concentration, the oil separates in large drops
" t - i  * cl°ar Ia>:er a t  the bottom  of the separator,
while the supernatan t solution is led by line 8 back to  the evapo­
rator. The vapor from the disengager is led through 5 to  a con- 
densing system  (not shown) which, in  the authors’ apparatus 
consists of two condensers, and then into a solvent receiver which 
is connected to  a  vacuum  line. T he continuous concentrated 
solution take-off, 9, as well as the oil take-off, 7, m ust lead into 
\  acuum chambers which operate under the same or lower pres- 
surcs than  the evaporator. To obtain the tem perature to  which 
the oil is heated, an adap te r is available which has a therm om eter 
inlet, and th is m ay be substitu ted  for the 75° angle adap te r 10. 
T he rem oval of ethyl alcohol from an alcoholic soybean oil solu­
tion takes place in th is apparatus a t  a  ra te  of about 1800 m l per 
hour under a pressure of 12 to 24 cm., depending on the concen­
tration  of the solution, and w ith the steam  a t  atm ospheric pres­
sure.

Ileat-transfer efficiency for a concentration m ay be calculated 
from the tem perature of the steam , the tem perature of the solu-

tion, the la ten t heat of vaporiza­
tion of liquids, the area of the 
heating surface, and the ra te  of 
distillation of the solvent. Foam­
ing is no t a problem with this 
evaporator.

C O N T IN U O U S  O IL  STRIPPER

In  order to avoid the previ­
ously described difficulty of ob­
taining films w ith the usual oil 
strippers, a  stripper was devised 
which can be assembled from 
standard  glass equipm ent or 
utilize the apparatus described in 
Figure 3.

In  utilizing the la tte r  appara­
tus, i t  is necessary only to pu t 
regulatory clamps over the rub­
ber connections, 11 and 12. The 
clamp a t  12 is entirely closed, 
and th a t a t  11 is used to  regulate 
the incoming flow of inert strip ­
ping atm osphere introduced a t  9. 
The oil solution to  be stripped is 
introduced a t  3.

Stripping atm osphere and oil 
solution are introduced a t  the 
bottom  of a tube which offers 
the only means of escape for the 
atm osphere, and, therefore, the 
gas rises through the tube as a 
series of bubbles, carrying with 
them  a quan tity  of liquid. The 

stripping atm osphere is introduced too rapidly for the operation 
to be similar to  th e  usual air lift, and, therefore, the quan tity  of 
liquid separating the bubbles is small, and their rise is very 
rapid, causing the liquid to spread on the surface of the heated
tube until, finally, th e  th in  bubbles break. This effect m ay bo
controlled, so th a t bubbles w ith film surfaces are continuously 
forming and breaking against the sides of tho tube, in such a 
fashion th a t the liquid appears to  be pushed against the sides in 
thin layers and, finally, is throw n over the top  of the tube. _ As 
observed through the glass tubes, the operation takes place in a 
complex m anner which bears no resemblance to  the normal action 
of an air lift nor of a  rising-film evaporator. The action supplies 
a force in  active operation against the surface forces which come 
in to  control when a  liquid flows freely over a  surface, and thereby 
th is stripper acts to  overcome the contractile effect produced by 
those forces.

Since relatively large surfaces of solution are exposed, the 
stripping action has been found very successful. For example, 
the authors have been able to  reduce the solvent content of an 
alcoholic soybean oil solution from 5 to 0.04%  by operating the 
system under a  pressure of 60 cm. w ith the heating tube and 
stripping atm osphere heated w ith steam  a t  atm ospheric pressure. 
A solution containing trichloroethylene, which is one of the most 
difficult solvents to  remove from vegetable oils, was reduced from 
7.0 to 0.04%  in one passage. In  th is la tte r case, the oil showed 
no evidence of having been overheated.

The above-described equipm ent is now in use on a study of oil 
extraction of soybeans w ith ethanol and the results of this study 
will be published soon.
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Tropical Testing Chamber
C A P T . T. F. C O O K E  A N D  LT. R. E. V IC K L U N D , Corps of Engineers, A rm y  Service Forces, Fort Belvoir, V a .

Figure 1. Interior V ie w  of 
Tropical Testing Chamber

TH E tropical testing chamber of the Engineer Board was 
established a t  F o rt Belvoir in the la tte r p art of 1944 be­

cause the Corps of Engineers needed to  tes t the resistance to 
tropical deterioration of a large number of items of equipment, as 
cork, fabrics, optical glass, leather, protective coatings, plastics, 
rubber (both natural and synthetic), wood and wood products 
(such as paper), and m aterials used in electrical and electronic 
equipm ent and in  m apping equipment.

The tropical testing chamber m ay be considered analogous to 
a pilot p lan t in industry. In  such an analogy, a pure culture 
tes t would be comparable to a laboratory batch in industry, and 
a  tropical field tes t comparable to  a p lan t batch. In  the large 
tropical chamber end item s of equipm ent can be tested, which is 
particularly im portant in the case of such matériel as optical 
instrum ents and electrical and electronic equipment.

T he tropical testing chamber is 14 feet in w idth, 32 feet in 
length, and 12 feet in height. The wall construction consists of 
three layers, an outer layer of brick 9 inches thick, a  middle 
layer of asphalt-im pregnated m ineral wool 4.5 inches thick, 
and an inner layer of T ransite 0.375 inch thick. The outer 
layer of the ceiling is an asphalt slag roof; next is a  layer of 
Celotex, 1.5 inches thick; next, a  m etal deck; under the metal 
deck is a  layer of asphalt-im pregnated m ineral wool 6 inches 
thick; under the m ineral wool is a  2-foot a ir space for circulation 
of air; and finally, a  T ransite  ceiling 0.375 inch thick. The 
chamber has double doors which are 9 feet wide and 11 feet high 
and a  single pedestrian door. The hum idity and tem perature 
w ithin the room are controlled by heating and cooling coils

through which the air is 
blown. A fan produces an air 
movement with a velocity of 
4 to  5 miles an hour. W ater 
vapor sprays are provided a t 
the back of the coils.

Figure 1 is a photograph 
of the interior of the chamber 
taken through the double 
doors, showing the heating 
and cooling coils a t the rear. 
On one side are wooden 
shelves and on the other is a 
bench with two additional 
shelves below it. A t the end 
of the chamber opposite the 
large double doors are three 
soil burial beds 4 feet wide 
by 7 feet long by 10 inches 
deep. One of the beds is 
mounted on rollers over the 
other two beds. On the floor 
is abundant leaf mold, provid­
ing a  source of food for the 
fungi. Wooden w a lk w a y s  
make all parts  readily accessi­
ble. Figure 1 shows an elec­
trical generator set and two 
rolls of asphalt-coated burlap 
being exposed on the floor.

A definite tem perature and hum idity cycle is m aintained in the 
tropical testing chamber. F or 18 hours, the relative humidity 
is m aintained a t  90 ±  2%  and the tem perature is held a t  85° =*= 
1° F . For 6 hours, the relative humidity is m aintained a t  95 =*= 
2%  and the tem perature is held a t  75° =*= 1° F. This cycle is 
shown graphically in Figure 2.
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The end item  is exposed in its entirety .
Samples are exposed to deterioration 

caused by m oisture from condensation.
Samples are exposed to  deterioration 

aided by m ites and other insects which 
are present in th e  chamber (mites are 
desirable in testing such items as optical 
instrum ents).

Samples are exposed to  deterioration 
caused by bacteria.

Figure 4 . Photographs Taken through Telescopes after 2 M onths’ 

L e f t .  Untreated telescope. R ig h t .  Telescope treated with

Table I. Fungi Introduced into Tropical Testing Chamber
Species 

Chaetomium globosum 
Aspergillus niger 
Trxchoderma lignorum  
Aspergillus oryzae 
M ucorsp.
Pénicillium  sp. 
Aspergillus Ï9 B  
M emnoniella echinata 
Pénicillium  luteum  
Stem phylium  sp. 
Memnoniella sp. 
M etarrhizium  glutinosum

Source 
Local 
H ollandia 
South Pacific 
South Pacific 
S outh  Pacific 
South Pacific 
South Pacific 
New G uinea 
Ind ia
New Orleans 
South Pacific 
New Orleans

Species 
Pénicillium  sp. 
P énicillium  expansum  
Pénicillium  sp. 
Aspergillus oryzae 
Pénicillium  sp. 
Chactomium sp. 
Aspergillus niger 
Aspergillus niger 
Spicarios sp. 
Chaetomium sp. 
Mucor sp.
Aspergillus versicolor

Source
Ind ia
Local
New G uinea 
C hina
South Pacific 
New G uinea 
S outh  Pacific 
Local
South  Pacific 
S outh  Pacific 
S outh  Pacific 
South  Pacific

I t  is desirable to  correlate the results 
of tropical chamber tests w ith other types 
of testing. Comparisons w ith tropical 
field tests and w ith soil burial and pure 
culture tests are being made. As p a rt of 
a  study of commercially available fungi­
cides applied to  fabrics th a t is now being 
carried ou t a t  the Engineer Board, ten 
thousand fabric samples are being sent 
to the Panam a Field Station of the 
N ational Defense Research Committee, 
and the results of these tests will be corre­

lated w ith the results obtained from similar samples exposed in the 
chamber. Cork, leather, and optical instrum ents will also be ex­
posed in the chamber a t  Panam a and the results compared.

T he fungi th a t are now present in the tropical testing chamber 
are being identified. E ight of the species originally introduced 
have already been recognized as still present and several others 
which were probably introduced w ith the leaf mold have been 
identified.

Exposure in Chamber

radium foil

A relative hum idity of 90%  a t  85° F . is ideal for the growth 
of m ost fungi and is typical of tropical conditions.

A  relative hum idity of 95%  a t a tem perature of 75° F . was 
chosen because it  provides a tem perature drop and a  relative 
hum idity rise comparable to  conditions which occur in the 
tropics.

Cycling provides breathing for partially  closed systems such 
as optical instrum ents.

Cycling causes condensation which provides a  film of water 
ideal for fungus growth and excellent conditions for the corrosion 
of metals.

The chamber was inoculated by the addition of spore sus­
pensions of 24 species of fungi obtained chiefly from the Pacific 
area, which were disseminated by means of spray, and by the 
native fungi occurring on the leaf mold placed on the floor of the 
chamber. The list of the 24 species of fungi is given in Table I. 
O ther fungi were undoubtedly brought into the chamber by the 
air and by test specimens.

Wooden shelves are employed for the shelf exposure of materials 
because wood provides a source of nu trien t for fungi, and also 
because exposure on wooden shelves duplicates storage conditions 
in  the field. Such items as fabrics, small pieces of cork, etc., are 
hung from glass rods with glass hooks. Packaged materials and 
large objects are placed directly on the shelves. Figure 3 pro­
vides a close-up of test specimens being exposed in and on the 
wooden shelves. The center of the chamber is used for the ex­
posure of large pieces of equipment. T he soil burial beds in the 
room provide soil exposure tests which are likely to  be more re­
producible than  usual because of the close control of the water 
content and tem perature of the soil m ade possible by the con­
trolled hum idity and tem perature in the chamber.

The advantages of tropical chamber exposures are:

Samples are exposed under conditions approxim ating those in 
nature.

Samples are constantly reinoculated w ith fungus spores.
Samples are inoculated by a wide variety  of species of fungi, 

so th a t after one grows, others m ay follow, if a  breakdown of the 
fungicide is caused by the first fungi.

Figure 5 . Cotton Sawmill Belting after 2 M onths’ Exposure in 
Chamber

U p per.  Untreated belting
L o w er.  Belting treated with copper naphthenatc and pyridyl mercuric stearate

The serviceability and usefulness of tropical testing chamber 
exposures are illustrated by Figures 4 and 5. Figure 4 contains 
photographs taken through an untreated  telescope and one 
'treated  w ith radium  foil (a treatm ent developed a t  the Engineer 
Board) after 2 m onths of exposure in the chamber. Figure 5 
shows a  comparison of a sample of untreated  cotton sawmill 
belting and one treated  w ith copper naphthenate and pyridyl 
mercuric stearate after two m onths of exposure in  the chamber.



Semimicro-Kjeldahl Procedure for Control Laboratories
J O H N  O .  C O L E  a n d  C A R L  R. PARK S  

Research Laboratory, The G oodyear Tire & Rubber C o., A k ro n , O h io

NITRO G EN  analyses m ust often be run either on a  very 
limited am ount of sample or in the shortest possible time. 

While the usual macroprocedure is not satisfactory under these 
conditions, micromethods often cannot be employed because of 
limitations on equipm ent and personnel. In  recent years suffi­
cient im provem ent and simplification have been made in the 
semimicromethod to  perm it its use in alm ost any laboratory. 
Among the modifications which have been made are the distilla­
tion unit of Redemann (4), the  adaption of the Winkler boric acid 
method to  the semimicro scale by W agner (6‘), the introduction 
of an improved indicator for use in presence of boric acid by Ma 
and Zuazaga (/) , and the discovery of highly efficient digestion 
catalysts of the mercury-selenium type by Osborn and K rasnitz 
(3 ) .

Table I. Determination of N itrogen in Simple Compounds

Com pound
A cctanilide

p-B rom oacetanilide

Bcnzanilide

%  Nitrogen 
Found Theory
10.44
10.34
0 .4 7
6 .43
7.14
7 .07

10.30

6.54

7 .10

This paper describes a procedure which incorporates these re­
cent modifications and m ay be used w ith equipm ent available in 
alm ost any laboratory. The procedure has been checked by two 
different laboratories and has given excellent results for more 
than 3 years.

A P P A R A T U S

The balance employed should be adjusted  to give a precision 
of 0.1 mg. or better when weighings are conducted by the method 
of swings. All weights used should be checked to assure accuracy 
within the precision of the balance.

Samples are introduced into the digestion flask by means of a 
long-stemmed weighing tube (3) to  prevent errors resulting from 
particles of sample adhering to  the neck of the flask and escaping 
decomposition.

A digestion rack can be made by attaching six buret clamps to 
an iron bar which is clamped to a ring stand. The 100-ml. 
K jeldahl flasks are heated w ith a Bunsen or Fisher burner.

The Redemann distillation un it can be made by a  glassblower 
of ordinary skill or may bo purchased from Scientific Glass 
A pparatus Co., Bloomfield, N. J., catalog No. M-1285.

REAG ENTS

C atalyst M ixture. Grind together 150 grams of anhydrous 
potassium sulfate, 5 grams of metallic selenium, and 10 grams of 
mercuric oxide.

Mixed Indicator. Prepare 0.1%  bromocresol green and 0.1% 
m ethyl red solutions in 95%  alcohol separately. Mix 10 ml. of 
bromocresol green solution w ith 2 ml. of m ethyl red solution.

Boric Acid, 4% . Dissolve 20 gram s of boric acid in 500 ml. of 
boiling distilled water.

Sodium Hydroxide, 48% . Dissolve 480 gram s of sodium hy­
droxide in 520 ml. of distilled w ater and  allow to stand  until car­
bonate-free.

Sodium Thio,sulfate, 44% . Dissolve 88 gram s of sodium thio- 
sulfate pentahydrate in 112 ml. of distilled water.

S tandard Hydrochloric Acid, 0.015 N .  P repare a 0.015 N  
solution and standardize against pure sodium carbonate, using 
m ethyl red as an indicator.

PROCEDURE

A 15- to  50-mg. sample (30 to  50 mg. for balance w ith precision 
of 0.1 mg., 15 to 25 mg. w ith precision of 0.03 mg.) is weighed 
into a 100-ml. K jeldahl flask, and 4 ml. of concentrated sulfuric

acid and about 1.5 grams of catalyst m ixture are added. Diges­
tion is started  w ith a  low flame, gradually increasing the heat 
until the m ixture boils briskly. For m ost samples the solution 
becomes clear after about 10 minutes heating. Digestion is 
continued for 25 m inutes after clearing; for difficult compounds 
such as pyridine derivatives the afterboil should be extended to 
1 hour. The flask and contents are cooled to  room tem perature, 
20 ml. of w ater arc added, and the solution is well mixed.

A blank flask is fitted into place in the distillation un it and the 
apparatus is well steamed. The blank flask is replaced by the 
flask containing the sample and a m oderate current of steam  is 
passed over until the apparatus is completely filled with steam. 
A 125-ml. Erlenm eyer flask containing 10 ml. of 4%  boric acid 
solution atid 3 drops of mixed indicator is placed under the de­
livery tube, w ith the tip  of the delivery tube below the surface of 
the acid. D uring the course of several m inutes 12 ml. of 48%  so­
dium hydroxide solution are slowly added. Dropwise addition 
of base is necessary until m ost of the acid is neutralized to pre­
vent too violent a reaction. A bout 4 ml. of sodium thiosulfate 
solution are added im mediately after the base and the solution 
is steam-distilled as rapidly as possible. After 25 to  30 ml. of 
distillate have been collected, the receiver is lowered and abou t 
5 ml. of additional distillate are collected.

Table II. Determination of N itrogen in Ring Compounds

Com pound
Pyrid ine hydrochloride

2-A m inopyridine

2-(Pyridyl-2) e th y l phenyl 
am ine 

2-C hloroquinoline

Triphenyltriazine

2-Benzoyl-5-phenyl-
glyoxaline

2,5-D iphenyl-3-keto-3,4-
d ihydropyrazine

2-M ethyl-4-phenyl-5-keto-
dihydroglyoxaline

The boric acid solution changes from pink to a bluish green as 
soon as it comes in contact with ammonia. The solution is ti­
tra ted  with 0.015 Ar acid. Since the true end point is difficult to 
detect, the titra tion  is continued until a  fa in t pink color appears. 
T he volume of acid required to  produce a  pink color of th is same 
intensity  is determined by adding standard  acid to  a  solution of 
the same volume, containing the same quan tity  of boric acid and 
indicator. The blank (usually about 0.20 ml. of 0.015 N  acid) is 
subtracted  from the volume of acid required to  titra te  the sample.

Table III. Determination of N itrogen in H igh  Polymeric Materials

Polym er
B utadiene-acrylonitrile  70 /30  copolym er

B utadiene-acrylonitrile  60 /40  copolym er

B utadiene-2-vinylpyrid ine 75 /25  co­
polym er

B utadiene-2-vinylpyrid ine 60 /40  co­
polym er

B utadiene-2-vinylpyrid ine 50/50  co­
polym er

C hloroprene-2-vinylpyridine copolym er

Polym eric sa lt of sebacic acid and  p- 
xylylenediam ine 

Polyhexam ethylene ad ipam ide (nylon)

a C alculated  values were obtained  from  analysis of polym er by an  inde-

Eenden t m ethod such as D um as n itrogen  or de te rm ina tion  of carbon- 
ydrogen ratio .

% N itrogen
Found T heory
11.99 12.12
11.93
29.54 29 .76
29 .55
14.06 14.13
13.90
8 .54 8 .57
8 .53

13.46 13.51
13.52
11.27 11.29
11.23
11.33 11.29
11.24
15.93 16.09
16.10

%  N itrogen
Found C alculated '

7 .69 7 .65
7 .64
9 .15 9 .14
9 .0 6
3 .2 6 3 .27
3 .2 5
5 .16 5 .00
5 .19
6 .19 6 .27
6 .32
1.34 1.30
1.32
8 .02 8 .28
8 .13

12.03 12.11
11.99

61
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RESULTS

T able I indicates th a t the procedure gives excellent results.
W ith the exception of compounds which contain a nitrogen to 

nitrogen or a  nitrogen to  oxygen linkage, practically all organic 
nitrogen compounds can be analyzed by the K jeldahl method. 
So far the authors have encountered no exceptions to  this rule. 
In  Table I I  analytical results are listed for a num ber of nitrogen 
ring compounds including several pyridine derivatives. For 
pyridine compounds the digestion tim e had to  be extended to 
about one hour. Shirley and Becker (5) observed th a t the use of 
a  copper sulfate catalyst gave low results w ith pyridine-type 
compounds while correct results were obtained w ith a  mercury or 
mercury-selenium oxychloride catalyst. T his observation has 
been confirmed by the authors.

The literature contains little  information as to  the reliability of

the K jeldahl m ethod for high polymeric m aterials. All high poly­
meric m aterials investigated by the authors to date  have given 
the correct results by th is method. However, the same lim itations 
as to  structure should apply for high polymers as for the usual 
compounds. T able I I I  gives analytical results for a num ber of 
high polymeric substances.
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Sensitive and Selective Test for Gallotannin 
(Tannic A cid) and Other Tannins

FR ITZ FE IG L a n d  H A N S  E. FE IG L  

Laboratorio da Producäo M in era l, M inisterio da Agricultura, Rio de Janeiro, Brazil

A  VIOLET flocculent precipitate is slowly produced when an 
ammoniacal solution of tannic acid is warmed w ith a solu­

tion of ferrous a ,a '-d ipyridy l sulfate, F e (a ,a '-d ip )3SO|. The 
precipitate, which filters well, forms quickly if the ammoniacal 
solution or suspension is treated  w ith acetic acid and warmed. 
Precipitation is complete, as shown by the negative response of 
the filtrate to  the most common tannic reagent—i.e., ferric chlo­
ride plus sodium acetate (2). A  solution of ferrous a ,a '-phenan- 
throline sulfate, Fe(a,a '-phen)iSO (, shows a similar reaction to­
ward tannic acid.

A ttem pts to isolate precipitates of constant composition have 
not been successful. Nonetheless, the chemical basis of this new 
reaction of tannin deserves consideration. Some of the factors 
involved are: the phenolic nature of the tannin, the colloidal 
character of aqueous tannin solutions, the autoxidation of these 
solutions a t  pH greater than  7, and the ability of Fe(<x,<* '-dip)j+ + 
ions to  combine w ith voluminous and complex anions to form red, 
slightly soluble salts (I).

Of the possible types of reaction, the w riters believe the most 
probable to  be the formation of an adsorption complex by com­
bination of the oxidation products of the tannin w ith Fe (a,ct'- 
dip)3(OH)2, or Fe(o',o'-phen)»(OH)2. Adsorption compounds 
of tannin  w ith hydrous m etal oxides have been reported and used 
for analytical purposes (S, 4). The assumption th a t i t  is not 
tannin  itself, b u t ra ther an oxidation product (of unknown compo­
sition) which takes p a rt in this reaction, is supported by the ob­

se rv a tio n  th a t no precipitate is formed if air is excluded, or if 
much alkali sulfite is present. This is also in agreem ent w ith the 
fact th a t the deposition of the violet precipitate occurs gradually, 
and the precipitate always forms first a t  the upper surface of the 
liquid. T his effect is seen distinctly if the solution of tannic acid 
is not extremely dilute.

The probability th a t autoxidation of tannic acid is responsible 
for the reaction w ith F e (a ,a '-d ip )3+'+ ions made it  likely th a t 
o ther autoxidizable phenolic compounds would exhibit an analo­
gous behavior. T rials showed th a t ammoniacal solutions of pyro- 
gallol give a  very strong reaction. Gallic acid, in cold saturated  
(1%) solution, gives a visible response, though much less decided

1 T ransla ted  from  th e  G erm an m anuscrip t b y  R alph  E . Oesper, U niversity  
of C inc innati, C incinnati, Ohio.

than  tannic acid and pyrogallol a t  this dilution. Hydroquinone 
reacts weakly. Phloroglucinol, resorcinol, and pyrocatechol give 
no response. These findings led to the expectation th a t vege­
table tannins would behave tow ard F e (a ,a '-d ip )3S 0 4 as tannic acid 
docs, since they are all phenolic in nature, and their alkaline 
solutions are said (2) to  absorb oxygen. This prediction has been 
realized w ith all the natural tanning agents th a t have been 
tested thus far, though the num ber of varieties available has not 
been large. Consequently, this reaction applies to  gallotannin 
and to other tannins. As will be seen, the nature  of the response 
to  the tannin  reaction w ith F e (a ,a '-d ip )3SO< is no t determ ined by 
whether the test m aterial is a  pyrogallol- or catechutannin. 
Synthetic tans, which mostly are condensation products of for­
maldehyde and sulfonated phenols, give no response.

DETECTION O F  T A N N IC  A C ID  ( G A L L O T A N N IN )

R e a g e n t . Dissolve 0.25 gram of <*,a'-dipyridyl and 0.146 
gram of ferrous sulfate heptahydrate  in  50 ml. of w ater. The 
solution keeps well in closed containers. Before the test, i t  is 
well to  render a  portion of the reagent ammoniacal and boil. 
Remove the resulting slight precipitate of hydrous ferric oxide 
by filtering or centrifuging. This purification is essential when 
testing for sm all quantities of gallotannin or other tannins.

P r o c e d u r e . Test Tube Reaction. T rea t 1. ml. of the tes t 
solution w ith an equal volume of am m oniacal reagent solution 
and bring the m ixture to  boiling. Add acetic acid until the odor 
of ammonia vanishes and again heat th e  solution to  boiling. A 
flocculent violet precipitate forms. If only m inute quantities of 
the tannin  are present, the precipitate has a brownish tinge. 
Turbidities produced by m inute am ounts of precipitate can be 
easily discerned in  the red solution, if the tes t tube is held toward 
an intense source of light and a  sheet of frosted glass interposed. 
Identification lim it, 8 micrograms of tannic acid; lim iting con­
centration, 1 to 125,000.

Drop Reaction. Place one drop of the tes t solution in a small 
(0.05-ml.) centrifuge tube, add 2 drops of reagent solution and 
suspend the tube in boiling w ater for several m inutes. After 
acidifying w ith acetic acid, again warm the solution and then 
centrifuge. Any precipitate collects in the constricted end of the 
tube. Very tiny precipitates are readily seen if, after centrifuging, 
the tube is held against w hite paper. A blank test is recom­
mended w’hen small am ounts of tannic acid are suspected. 
Identification lim it: 1 microgram of tannic acid; lim iting con­
centration: 1 to  50,000.

The tes t for tannic acid can alternatively be carried ou t as 
follows:
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M ake the tes t solution ammoniacal, warm, acidify.with acetic 
acid, and then add the reagent solution. This procedure is not 
so sensitive as those already outlined.

The nonspecific phenol reaction of tannic acid with dilute so­
dium acetate-ferric chloride solution is not so sensitive as the 
test described here. As a  test-tube reaction the identification 
limit is 25 micrograms; the limiting concentration is 1 to 40,000. 
The corresponding figures for the drop reaction on a spot p late 
are 1 microgram and 1 to 50,000. ITence the new tes t is three 
times as sensitive as the ferric-phenol reaction when carried out 
in a test tube, and ju s t as sensitive as the la tte r when spot test 
techniques are used.

DETECTION O F  N A T U R A L  T A N N IN S  A N D  DIFFERENTIATIO N  
F R O M  SYNTHETIC T A N S

The tes t solution (0.5%) is prepared from the solid specimen. 
One milliliter of the filtered liquid is carried through one of the 
procedures as outlined. W hen testing extracts of tanning agents, 
test portions are prepared by diluting the specimen 1 to  10 and 
1 to 100, and 1-ml. portions are used. The behavior of all solu­
tions toward ammonia and acetic acid should be determined be­
fore adding the reagent. If  a precipitate appears on adding acetic 
acid to the warm ammoniacal solution, i t  should be removed, and 
the test tube procedure carried ou t on the filtrate after again 
making the solution ammoniacal. The tes t w ith Fe(cr,a'-dip)s- 
SO( was tried on a variety of tanning m aterials. The following 
natural tannins gave a positive reaction: gallotannin; ta ra  
powder; gambier; m yrobalan; quebracho; and extracts of 
wattle, mangle, sumac, and fustic. In  marked contrast the fol­
lowing synthetic tanning agents gave a  negative reaction: 
orotan N , syntan A, syntan S, m ertanol 7 L, m axyntan, and 
tanasol. These findings indicate th a t this test is suitable for 
distinguishing commercial natural from synthetic tanning 
agents.

Similar differentiating tests were also made on finished, mostly 
colored, leathers. A bout 0.5 gram of the leather was cut into 
tiny  b its and boiled in 2 ml. of ammonia w ater for 2 minutes. 
The clear filtrate was carried through the te s t procedure. P re­
liminary tests w ith ammonia and acetic acid were made in  all

cases. T his step is indispensable when testing leathers colored 
w ith coal-tar dyes, because the addition of the reagent to the 
ammoniacal solutions of m any acid dyes results in a  precipitate 
th a t does no t dissolve in acetic acid. If  the prelim inary test pro­
duces a precipitate, it  is filtered off, and the tannin test is made on 
the clear filtrate after it  is again made ammoniacal.

In  19 ou t of 20 cases, the tes t revealed the nature (vegetable 
or synthetic) of the tanning agent. The single exception was a 
leather th a t had been tanned w ith a sulfited quebracho extract; 
it gave a  negative response. Further studies will be necessary to 
determine whether the tost fails w ith leathers tanned with 
strongly sulfited tannin extracts. A trial w ith a technical sul- 
fitcd quebracho extract showed th a t it  still gives a distinct tan­
nin reaction a t  a dilution of 1 to 1000.

DETECTION O F  T A N N IN S  IN  BEVERAGES

Three milliliters of the samples were taken for the tests. 
Positive reactions were given by 4 varieties of red wine (tart, 
sweet); 3 varieties of w hite wine (tart, sweet); and w ater ex­
tracts of tea, m até, and guaraña. Negative responses were ob­
tained with Cinzano (Italian origin); beer (light, dark); and 
w ater extracts of coffee (raw, roasted).

A C K N O W L E D G M E N T

The samples of leather, and of the natural and synthetic tan ­
ning agents, were donated by Cortum e Carioca, Rio de Janeiro. 
The authors express their gratitude to  this firm for its coopera­
tion.

LITERATURE CITED

(1) Feigl, F ., and M iranda, L. I . ,  I n d . E n q . C h e m ., A n a l . E d ., 16,
141 (1944).

(2) N ierenstein, M ., Section on “T annins” , "Allen’s Commercial
Organic A nalysis” , Vol. 5, p. 5, Philadelphia, P . B lakiston’s 
Son & Co., 1927.

(3) Powell, A . R ., and Schoeller, W . R., A n a ly s t, 50, 485 (1925);
Z . anorg. Chem., 151, 221 (1926).

(4) Yoe, J. H ., and Sarver, L. A ., “Organic Analytical R eagents” ,
pp. 130, 256, N ew  York, John W iley & Sons, 1941.

Gas Bubble Releaser for Us e in Du mas Nitrogen Determination Azotometers
R E N A T O  P O M A T T I,  The Texas Co., Beacon, N . Y .

A  R A T H E R  common and annoying occurrence in running a 
D um as nitrogen determination is the sticking of gas 

bubbles to  the surface of the mercury in the azotometer. This 
has been attribu ted  to  too narrow an opening of the gas inlet of the 
nitrom eter, too short a  distance between the gas inlet and the 
level of the mercury, excessive greasing of the gas inlet stopcock
(S), and the use of perfectly pure clean mercury when the azo- 
tom etcr is first filled (4).

Flaschentriiger (/) and Weygand (5) say th a t this difficulty 
can be overcome by the addition of powdered copper oxide to  the 
surface of the mercury. Nichols (2) suggests th e  use of mcrcurous 
oxide for the same purpose. None of these measures, which are 
preventive in character, has been found completely reliable.

A simple direct method for releasing gas bubbles already stick­
ing to the mercury has been used effectively in this laboratory 
for over a  year.

A piece of steel or iron wire about 1 cm. long, slightly curved, is 
placed in the azotom eter so th a t i t  rests on the surface of the 
mercury. W henever gas bubbles are to  be released, th e  piece of 
wire is sw ept over the m ercury by means of a small perm anent- 
type m agnet held outside the azotom eter near the level of the 
m ercury and opposite the wire. The wire is a ttrac ted  to  the mag­

net and, in passing over the surface of the mercury, releases the 
bubbles. The wire can thus be moved back and forth simply by 
placing the m agnet in the proper position opposite it. To facili­
ta te  this operation two magnets can be used. These are held on 
opposite sides of the azotom eter and brought near the azotom eter 
alternately.

In  addition, th is device can be used to  break up small bubbles 
a t  the potassium hydroxide solution-gas interface. T his is done by 
attrac ting  the wire to  the m agnet and moving it  up slowly to the 
interface. By moving the wire up and down through the in ter­
face, the gas bubbles are broken. Large gas bubbles stuck or 
moving up very slowly in the graduated portion of the azotom eter 
can be released also by this means.
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N O TE S  O N  A N A L Y T IC A L  PROCEDURES

Determination of Reducing Sugars 

Mathematical Expression of Reducing A ction in the Lane and Eynon and Volumetric Ferricyanide Methods

F. W . Z E R B A N , W . J. H U G H E S , a n d  C. A .  N Y G R E N  

N e w  York Sugar Trade Laboratory, N e w  York, N . Y.

IN T H E  determ ination of reducing sugars by direct titra tion  
against Fehling solution according to  Soxhlet, Violette, or 

Pavy, i t  has been generally assumed th a t the concentration, x, 
of sugar solution, multiplied by the volume, y, required for 
complete reduction of a fixed quan tity  of copper solution, is con­
s tan t (x y  =  C). B ut Soxhlet (6) showed as early as 1878 th a t 
this simple relationship holds only if the concentration of the 
unknown sugar solution is approximately the same as th a t used 
for standardization of the Fehling solution. Later, Lane and 
Eynon (4) found th a t the “ factor” (C/100) m ay vary  as much as 
5%  for a range of 15 to 50 ml. of sugar solution used.

W hen it  became apparent about two years ago th a t copper 
salts might be difficult to  obtain, it  was decided to devise a sub­
s titu te  for the Lane and Eynon m ethod, and alkaline ferricyanide 
solution was tried, as first proposed by Ionescu and Vargolici ( /) , 
w ith m ethylene blue as indicator of complete reduction. W hen 
the results were plotted by Louis Sattler, of this laboratory, it 
was discovered th a t there is a  straight-line relationship no t be­
tween x  and y, b u t between their logarithms, and that, the results 
can be expressed by the equation

Table II.

log y = log b — m log x

y = bx~m

( 1 )

(2 )

where b and m  are constants. The original equation, xy  — 
C, or y =  C /x,  is a  special case of the general equation y = 
C /x m, with 7 7 1 — 1 .

E Q U A T IO N S  FOR L A N E  A N D  E Y N O N  M E T H O D

To test the validity of this law of reducing action for the Lane 
and Eynon method, the values of m  and log b were calculated by

Table I. Comparison between Lane and Eynon Titers and Those 
Calculated from Equation 1 for Invert Sugar A lo n e

(10 ml. of Fehling solution)
Sugar Sugar Sugar

in Solution, Solution,
100 Ml. L. & E . E quation  1 Difference

M g. M l. M l. M L
336 15 15.00 0 .0 0
298 17 16.98 ->0 .02
267 19 19.03 +  0 .03
242.9 21 20 .98 - 0 .02
222 .2 23 23 .00 0 .0 0
204 .8 25 25.02 + 0 .02
190.4 27 26 .98 - 0 .02
177.6 29 29.00 0 .0 0
166.3 31 31.04 + 0 .0 4
156.6 33 33.03 + 0 .0 3
147.9 35 35.04 +  0.04
140.2 37 37.03 +  0 .03
133.3 39 39.01 + 0.01
127.1 41 4 0 .9S - 0 .02
121.4 43 42 .98 - 0 .02
116.1 45 45.01 + 0.01
111.4 47 46.97 - 0 . 0 3
107.1 49 48 .92 -o.os

Average difference ± 0 .0 2 3
M axim um  difference - 0 . 0 8

Constants in Equation 1 for Reducing Effect of Various 
Sugars, as Determined by Lane and Eynon

log b log b
D eviation 

A verage M axim uni
M L M L

10 ml. of Fehling  solution
In v e rt sugar 1.0341 3.7886 0.2730 0.023 0 .0 8

P lus 1 gram  of sucrose 1.0166 3.7405 0 .2718 0.013 0 .04
Plus 5 gram s of sucrose 1.0030 3 .6848 0.2722 0.012 0 .04
P lus 10 gram s of su ­

crose 0.9830 3 .6240 0 .2713 0.067 0.21
Plus 25 gram s of su ­

crose 0.9552 3 .5308 0 .2698 0.109 0 .2 8
Dextrose 1.0354 3.7789 0 .2740 0.017 0 .04
Levulose 1.0315 3.7966 0.2717 0.023 0 .0 6
M altose h y d ra te  s 0.9759 3 .8444 0 .2512 0 .008 0 .03
Lactose h y d ra te 1.0010 3 .8348 0.2610 0.057 0 .14

25 ml. of Fehling  solution
In v e rt sugar 1.0124 4 .1270 0.2453 0 .018 0 .0 5

P lus 1 gram  of sucrose 1.0086 4 .1130 0.2452 0.009 0 .04
D extrose 1.0121 4 .1138 0 .2458 0.022 0 .0 5
Levulose 1.0108 4 .1362 0.2444 0 .016 0.04
M altose hyd ra te 0.9597 4 .1932 0.2289 0.024 0 .05
Lactose h y d ra te O'. 9750 4 .1593 Q. 2344 0 .016 0 .04

the m ethod of averages from 18 pairs of values for milligrams of 
sugar in 100 ml. of solution and the corresponding titers given in 
the Lane and  Eynon tables (3). A detailed comparison between 
the figures in the table for invert sugar alone, w ith 10 ml. of 
Fehling solution, and those calculated from the equation is 
shown in T able I. In  this particu lar case m was found to  be 
1.0341, and log b — 3.7886.

In Table II the values of m  and log 6, calculated as explained, 
are shown for all the  sugars and sugar m ixtures studied by Lane 
and Eynon, together with the m aximum and average deviations 
of the calculated tite r from th a t given in their tables.

In  two of the equations the value of m  is so close to unity  th a t 
the formula y = C /x  could be used w ithout serious error. T he 
ratio of m  to log b for invert sugar is about midway between the ra­
tios for dextrose and levulose. W ith increasing quantities of 
sucrose added to invert sugar both m  and log b decrease, m  more 
rapidly than  log 6, as shown by the ratio  between the two.

T he agreem ent between the titers given in the Lane and 
Eynon tables and those calculated is rem arkably close, the aver­
age deviations being in m ost instances around 0.02 ml. or less 
and the maximum deviations well w ithin 0.1 ml. Larger dis­
crepancies are found in the case of invert sugar in the presence of 
10 or more gram s of sucrose, ti tra ted  against 10 ml. of Fehling 
solution. Lane and Eynon have pointed ou t th a t the to ta l tim e 
of boiling has a  pronounced effect on the reducing power of in­
vert sugar mixed w ith large am ounts of sucrose. T he maximum 
discrepancies occur usually when the tite r is very high, close 
to  50 ml.

An interesting case is presented by lactose, titra ted  against 
10 ml. of Fehling solution. H ere the factor, C /  10C, found ex­
perimentally by Lane and Eynon decreases between 15- and 30-
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Tabl e III. Invert Sugar Table for 10  M l .  of A lka lin e  
Solution, D iluted with 20  M l.  of W ater

T iter

Ferricyanide

In v e rt Sugar
Invert Sugar 
1 G ram  of Su­

In v e rt Sugar -fr* 
3 G ram s of Su­

In v e rt Sugar -f* 
5 G ram s of Su­

In v e rt Sugar -f- 
10 G ram s of Su­

In v ert Alone crose crose crose crose
Sugar Found Caled. Found Caled. Found Caled. Found Caled. Found Caled.
Mg.
400 14.30 14.28 14.12 14.11 14.11 14.00 13.89 13.84 13.62 13.64
360 15.93 15.95 15.79 15.76 15.64 15.64 15.52 15.48 15.16 15.15
320 18.00 18.05 17.78 17.83 17.64 17.70 17.56 17.54 17.14 17.17
280 20.83 20.77 20.49 20.51 20.28 20.36 20.12 20 .20 19.71 19.79
260 22.45 22 .46 22 .18 22.16 22.01 22.01 21 .78 21.85 21.39 21.41
240 24 .50 24.43 •24.08 24 .10 23.92 23.94 23.85 23.79 23 .49 23.32
220 26 .70 26.77 26.46 26 .40 26.31 26.23 26.01 26.09 25 .50 25 .58
200 29 .60 2 9 .60 29.11 29 .18 28.99 28.99 28.91 28.86 28.39 28.31
180 33 .08 33.07 32.51 32 .60 32 .36 32 .38 32 .25 32 .28 31.51 31 .67
160 37.41 37 .43 36 .99 36.87 36 .58 36.64 36.56 36.57 35.81 35.89

ml. titer, and then increases again up to 50-ml. titer. This 
would mean th a t in the lower range m  is greater than  unity, bu t 
in th e  higher range sm aller th an  unity , and would explain the un­
usual discrepancies observed when the entire range is considered 
to  have only one value for m. B u t i t  is also possible th a t the ex­
ception is only apparen t and caused by experimental difficulties 
in maintaining a  uniform ra te  of boiling and addition of sugar 
solution, which affects the results obtained w ith disaccharides 
more than it  does w ith monosaccharides.

Jackson and M athews (2) have called atten tion  to  the fact 
th a t the Lane and Eynon factors found by different operators or 
with different batches of Fehling solution m ay vary  somewhat 
from those given by Lane and Eynon, and recommend th a t each 
analyst standardize his own analyses w ith solutions of the pure 
sugar. This can now be readily done by plotting two or more 
points on double log paper and drawing a  stra igh t line through 
them.

V O L U M E T R IC  FERRICyANIDE M E T H O D

In  this method the concentrations of the potassium ferricyanide 
and potassium hydroxide were increased over those specified by 
Ionescu and Vargolici, in order th a t titers between 15 and 50 
ml. of sugar solution m ight correspond to  approximately 400 to  
100 mg. of invert sugar in 100 ml. of solution, similar to  the range 
of the Lane and Eynon method. A solution containing in  1 
liter 56.000 grams each of potassium ferricyanide and potassium 
hydroxide answered these requirem ents. Of this solution, 10 ml. 
were transferred to  a 250-ml. Erlenm eyer flask, and diluted with 
20 ml. of water. T he determ inations were then carried ou t ex­
actly  as in the Lane and Eynon method, 5 drops of methylene 
blue indicator being added toward the end of th e  titra tion . In  
each case the increm ental m ethod of titra tion  was used in the 
first experiment, and in the subsequent experiments alm ost all 
of the  sugar solution was added a t  one time, and the titration  
completed by dropwise addition of the sugar solution. The 
titers were determined in this m anner for solutions containing 
invert sugar alone, and in  the presence of 1, 3, 5, and 10 grams of 
added sucrose in 100 ml. of solution.

I t  was found th a t the precision of the ferricyanide m ethod is not 
as high as in  the Lane and Eynon m ethod. W hen the tite r lay 
between 35 and 50 ml., duplicate tests often varied by 0.2 to  0.3 
ml. I t  is therefore advisable w ith this reagent to  keep the tite r 
w ithin 15 and 35 ml., as was done by M ain (5) in his po t m ethod 
w ith Soxhlet solution. T he titers found in  th is range for invert 
solutions, containing 400 to  160 mg. of invert sugar in 100 ml., are 
shown in Table I I I .

T he values of constants m  and log b in E quation  1, calculated 
from the experim ental tite rs in  T able I I I ,  are given in  T able IV, 
together w ith the ratios of m  to  log b and th e  average and maxi­
mum deviations of the calculated from the found values. The 
tite rs calculated from the equations are shown in T able I I I ,  next 
to  th e  found values.

T he average deviations of the found from the calculated values 
are  shghtly larger th an  th e  corresponding figures for th e  Lane and 
Eynon m ethod, even though the tite r range is only from 15 to  35 
ml. T he same is true  of the maximum deviations except for the

m ixture of invert sugar w ith 10 grams 
of sucrose. I t  m ust be considered, 
however, th a t Lane and Eynon did 
no t publish their original experimental 
values, and th a t those given in their 
tables are probably taken from 
smoothed curves. Nevertheless, the 
lesser precision of the ferricyanide 
m ethod is indicated by th e  fact 
th a t neither the m  nor the log 6 
values in T able IV  show a regular 
trend,' contrary  to  those in the Lane 
and Eynon method. The ratio  of m  
to log 6, however, increases regularly 
with an  increase in added sucrose, 
whereas in the Lane and Eynon 

m ethod the trend is downward. On the whole, the Lane and 
Eynon method appears to  be preferable.

Ionescu and Vargolici claim th a t a  solution m ay contain as 
much as 30%  sucrose in addition to  0.5%  glucose w ithout affect­
ing the titer. The figures in Table I I I  show th a t this is not gen­
erally tru e , b u t th a t sucrose does affect the reducing power of 
invert sugar, as in the Lane and Eynon method.

Table IV .  Constants in Equation 1 for Reducing Effect of Invert 
Sugar upon A lka lin e  Ferricyanide Reagent in Absence and 

Presence of Sucrose

D eviation
m log b log 6 Average M axime

M l. M l.
In v e rt sugar alone 1.0520 3.8919 0.2703 0.043 0 .07
In v e rt sugar plus 1 gram

of sucrose 1.0481 3 .8768 0.2704 0.049 0 .1 2
In v e rt sugar plus 3

gram s of sucrose 1.0497 3.8777 0.2707 0.043 0.11
In v e rt sugar plus 5

gram s of sucrose 1.0603 3.9001 0 .2718 0.049 0 .0 8
In v e rt sugar plus 10

gram s of sucrose 1.0639 3.9001 0.2728 0.073 0 .1 6

S U M M A R Y  A N D  C O N C LU S IO N S

W hen the titers, y , found in the determ ination of reducing 
sugar by the Lane and Eynon method, or by a similar direct 
volum etric determ ination w ith alkaline ferricyanide solution, 
are plotted against the concentrations, x ,  of the reducing 
sugar, the equation of the resulting curve is y  = b x ~ m, or 
log y  =  log b — m  log x, a straight-line equation in which 6 
and m  are constants. These constants have been calculated for 
all sugars and sugar m ixtures used by Lane and Eynon, with 
both 10 and 25 ml. of Fehling solution, as well as for invert sugar 
and m ixtures of invert sugar w ith sucrose, determ ined by means of 
an alkaline ferricyanide solution. T he agreem ent between the 
titers calculated from the equations and those given in the Lane 
and Eynon tables is very close. T he precision of the alkaline 
ferricyanide method is som ewhat lower; best results are obtained 
if the tite r range is kept w ithin 15 to  35 ml. Sucrose affects 
the reducing power of invert sugar not only in th e  Lane and 
Eynon method, bu t also in  the alkaline ferricyanide method.
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A  System of Laboratory Evaluation
H . V .  C H U R C H IL L , A lum inum  Research Laboratories, N e w  Kensington, Pa.

H E increasing use of statistical m ethods in analytical labo­
ratories is a  recognition of the value of having a  control on the 

analytical process, which in tu rn  is a  control on a  process or m a­
terial. In  the presentation of methods it  is now commonplace to 
include a statem ent of standard deviations or probable error. 
Such statistical data  are of considerable value, particularly in the 
selection of methods for particular purposes. However, the prac­
tical value of an analytical method in industrial laboratories does 
no t depend so much upon the inherent accuracy and precision of 
the method as measured in a methods investigative laboratory as 
i t  does upon the actual performance of the method in the control 
or p lan t laboratory where it  is used by available personnel, under 
conditions which may include special requirem ents as regards 
speed, quantity , and other factors.

M any data, including standard deviations, biases, probable er­
rors, or limits of error and precision, are based upon analytical

Table 1. A llo w ab le  Deviations in Check Analyses M etals
R ange of Allowable R ange of Allowable
C onten t D eviation C on ten t D eviation

% % % %
0 .0 0 -0 .0 3 0.01 7 .0 1 -  7 .50 0.31
0 .0 4 -0 .1 0 0.02 7 .5 1 -  8 .00 0 .32
0 . 11- 0 .2 0 0.03 8 . 01-  8 .60 0 .33
0 .2 1 -0 .3 0 0.04 8 .6 1 -  9 .2 0 0 .34
0 .3 1 -0 .4 0 0 .05 9 .2 1 -  9 .8 0 0 .35
0 .4 1 -0 .5 5 0 .0 6 9 .8 1 -  10.40 0 .36
0 .5 6 -0 .7 0 0 .07 1 0 .4 1 - 11.00 0 .37
0 .7 1 -0 .8 5 0 .0 8 11.01-  11.60 0 .3 8
0 .86- 1.00 0 .09 1 1 .6 1 - 12.20 0 .39
1 .0 1 -1 .1 5 0 .10 12. 21-  12.80 0 .4 0
1 .1 6 -1 .3 0 0.11 1 2 .8 1 - 13 .40 0 .41
1 .3 1 -1 .4 5 0 .12 1 3 .4 1 - 14.00 0 .4 2
1 .4 0 -1 .6 0 0 .13 1 4 .0 1 - 14.75 0 .43
1 .6 1 -1 .8 0 0 .14 1 4 .7 6 - 15.50 0 .4 4
1 .8 1 -2 .0 0 0 .15 1 5 .5 1 - 16.25 0 .45
2 .01- 2 .20 0 .16 1 6 .2 6 - 17.00 0 .4 6
2 .2 1 -2 .4 0 0 .17 1 7 .0 1 - 17.75 0 .47
2 .4 1 -2 .6 0 0 .18 1 7 .7 6 - 18.50 0 .48
2 .6 1 -2 .8 0 0 .19 1 8 .5 1 - 19.25 0 .49
2 .8 1 -3 .0 0 0 .2 0 1 9 .2 6 - 20 .00 0 .50
3 .0 1 -3 .3 0 0 .21
3 .3 1 -3 .6 0 0 .2 2
3 .6 1 -4 .0 0 0 .23 And thereafte r increasing a t
4 .0 1 -4 .4 0 0 .24 th e  ra te  of 0.01%  for each
4 .4 1 -4 .8 0 0 .25 additional 1.0 %  of constit­
4 .8 1 -5 .2 0 0 .26 uen t, reaching 1.00%  a t
5 .2 1 -5 .6 0 0 .27 70% , and  the rea fte r re-
5 .6 1 -6 .0 0 0 .2 8 m aining constan t
6 .0 1 -6 .5 0 0 .29
0 .5 1 -7 .0 0 0 .30 70 .00 -1 0 0 .0 0 1.00

Table II. Laboratory Check Analyses
(6-m onth  period)

O utside Percentage
L aborato ry D eterm inations L im its A greem ent

C lass R  P lan ts
A 50 0 100.0
B 50 0 100.0
C 47 0 100.0
D 46 0 100.0
E 28 0 100.0
F 51 1 98 .0
G 33 1 97 .0

C lass FC  P lan ts
H 272 0 100.0
I 211 0 100.0
J 198 0 100.0
K 212 1 99 .5
L 183 1 99 .5
M 251 2 99 .2
N 115 1 99.1
O ISO 2 98 .9
P 16S 2 9 8 .8
Q 166 2 9 8 .8
R 155 2 98.7
S 148 2 98.6
T 133 2 9S.5
U 199 4 9 8 .0
V 255 10 96.1
w 198 11 9 4 .4
X 105 8 92 .4

3454 52 9 8 .5

d ata  produced under conditions which do not include the pressure, 
tensions, and limitations to be noted in m ost m odern industrial- 
p lant laboratories. I t  seems obvious th a t the best way to meas­
ure the practical effectiveness of a m ethod is to evaluate the ana­
lytical da ta  when the operators are not conscious th a t their da ta  
on a particular or specific sample will be checked.

M any schemes have been tried ou t to m ake such evaluations. 
The problem is specially im portant when several laboratories are 
concerned and it  is desirable to  have their work m aintained on 
similar levels of efficiency. The circulation of standard samples 
among laboratories is of lim ited utility, since the samples are in ­
variably recognized and are given special a ttention , thus giving 
little  information as to  the normal efficiency of the laboratory.

M any other m etering or checking schemes have been used and, 
w ithin limits, all yield useful data . One plan th a t has worked out 
successfully in Aluminum Company of America m etal plants over 
a  period of years is described in the following paragraphs.

A rrangem ents are made a t each p lan t m aintaining a laboratory 
to  choose an individual no t connected w ith the laboratory to  
select check samples. This individual goes to  the laboratory and 
selects a t  random a  sample which has been analyzed and reported. 
The sample which is selected, together w ith the reported analysis, 
is sent to  the A nalytical Division a t Aluminum Research Labora­
tories.

A t Aluminum Research Laboratories the sample is assigned 
for analysis to  a  chemist wrirn is no t informed of the p lan t labora­
tory  results. W hen the analysis is completed, the results are 
compared w ith the p lant results. If there is failure to  agree 
w ithin satisfactory limits, the  chemist is told to repeat his analy­
sis in m ultiple to  determine d a ta  on an umpire basis. The agree­
m ent of results is judged by th e  permissible deviations given in 
Table I. The results obtained a t Aluminum Research L abora­
tories are the basis from which permissible deviations are meas­
ured.

In  considering this table it  should be borne in  mind th a t the 
permissible tolerances which have been set up obviously pertain  
to  only one industry and should no t be construed as necessarily 
or desirably applicable in the case of m aterials o ther than  alu­
minum and alum inum alloys.

The laboratories are scored in  .accordance w ith the percentage 
of agreements. The allowable deviations were originally set up 
on more or less an arbitrary  basis, b u t have evolved to  their pres­
en t levels by adjustm ents based upon the actual records m ade by 
laboratories. In  general, all perm itted deviations are smaller 
today than  when the table was set up more th an  20 years ago. 
T he deviations shown are those perm itted  between a laboratory 
working under the pressure of p lan t production and a  central 
laboratory working in the absence of production pressure. The 
table, however, is used in o ther ways. I f  in  a given laboratory 
the work of one analyst under p lan t conditions is checked by an­
other analyst in the same laboratory, the allowable deviations 
given in the table are to be divided by 1.5. For duplicate 
results by the same analyst, the allowable deviations in the table 
are divided by 2.5.

In  Table I I  a typical tabulation of check results for a  6-month 
period is shown. Because of the na tu re  of th e  detem iinations 
made, the laboratories are listed in two groups.

T he determ inations checked cover the ordinary im purities and 
alloying elem ents m et in  current m etal production. Laboratories 
V and W  are special cases w ith somewhat more difficult work than  
th a t carried ou t in  other laboratories.

The checking system  described affords a  ready means of com­
paring the effectiveness of laboratories doing the same type of 
work. Investigation of failures to  check often reveals weaknesses 
of methods, faulty application of m ethods, inadequate personnel, 
or o ther curable troubles. T he main value of the system is th a t 
it reveals on a com parative basis the quality  of work done in the 
laboratories.



Anomalous Behavior of M e th y l ^ -H y d r o x y -^ IO -O c ta d e c e n o a te s  
in Rapid Iodine Number Determinations

P H IL IP  S. SKELL1 a n d  S O L  B. R A D L O V E *  

Northern Regional Research Laboratory, Peoria, III.

The methyl esters of ricinoleic, ricinelaidic, and O -p ro p io nyl- 
ricinoleic acids quantitatively add iodine chloride from W ijs reagent 
in less than 1 minute. H ow ever, if mercuric acetate is present, 
methyl ricinoleate and ricinelaidate react with additional halogen, 
thus giving high iodine values, whereas the methyl O -p ro p io ny l- 
ricinoleate behaves normally. This anomalous effect is due to the 
presence of the free hydroxyl group.

TH E  use of mercuric acetate cata lyst to speed the rate of 
addition of Wijs reagent to nonconjugated, unsaturated 

double bonds constituted a decided im provem ent in the iodine 
number technique by allowing the a tta inm ent of quantitative 
addition in less than  3 minutes (2), in contrast to the standard 
method for the determ ination of iodine value (1) which requires 
30 to 60 minutes. N orris and Buswcll (4) found th a t H anus re­
agent w ith mercuric acetate was even more satisfactory than  the 
Wijs reagent for the determ inationof nonconjugated unsaturation.

Table I. Rate of Reaction with W ijs and Bromine Reagents
(W ithou t M ercuric A cetate)

Tim e, M in. Halogen E q u ivalen t“ Iodine Value

A. 0 .02568  Af M ethy l R icinoleate, 0 .06861 Af W ijs
1 .0

2 0 .0
3 0 .0

1.998
2.016
2.021

81.16
81.89
82.07

B . 0 .02411 Af M ethy l R icinelaidate, 0 .06861 Af W ijs
1 .0
3 .0

11.0
30 .0
3 0 .0
6 0 .0

2.006
2 .005
2.009
2.006 
2 .004
2.009

81 .50  
81 .45  
81 .60
81 .50  
81 .40  
81 .60

C. 0 .02568 M  M ethy l R icinoleate, 0 .07449 Af Brom ine
1 .0
1.0

10.0
2 0 .0

2 .030
2.035
2.021
2 .024

82 .44
82.67
82.07
82.21

a Halogen equ iva len t is num ber of a tom s of halogen ¿bsorbed per mole 
of com pound.

These authors noted, however, tha t, although castor oil yielded 
the expected iodine num ber of 84.0 w ith the usual H anus reagent, 
the addition of mercuric acetate resulted in an iodine num ber of 
90.7. They a ttribu ted  this anomaly to  ricinoleic glycerides, 
since a similar result was obtained with petroleum ether-extracted 
castor oil acids.

In  connection w ith other work, the authors had prepared pure 
m ethyl esters of ricinoleic and ricinelaidic acids (the cis and trans 
isomers of 12-hydroxy-9,10-octadecenoic acid), and had inde­
pendently observed an analogous effect while determining their 
iodine numbers by the Wijs mercuric acetate technique. They 
further observed th a t Wijs reagent alone adds quantitatively to 
m ethyl ricinoleate and m ethyl ricinelaidate. Despite the absence 
of mercuric acetate catalyst, the reaction occurred w ith surprising 
speed, being essentially complete in less than  1 m inute. To deter­
mine w hether Wijs reagent was unique in its  ability  to  add rapidly 
to these unsaturatcd  compounds, a  standard  solution of bromine

1 P resen t address, W illiam  A lbert Noyes Chem ical L abora to ry , U niversity  
of .'llinois, U rbana , 111.

1 P resen t address, M ay tag  Co., N ewton, Iowa.

in glacial acetic acid (5) was also tested. I t  was found to  react 
with equivalent speed.

In  Tablo I, d a ta  are given which indicate the rate  of reaction of 
m ethyl ricinoleate and m ethyl ricinelaidate w ith Wijs and bro­
mine reagents. Aliquot portions from a standard solution of each 
of the esters in glacial acetic acid were used to obtain samples of 
equal weight. The molar concentration listed in the tables are 
the values calculated for the solutions obtained by mixing the 
reagents.

To determine the effect of mercuric acetate on the course of the 
reaction, the halogenating agent was mixed with the esters and the 
m ixture then treated  w ith mercuric acetate solution. The time 
was recorded from the addition of the la tter. Exam ination of the 
data  from these experiments (see Table II) dem onstrates th a t the 
addition of mercuric acetate to solutions of dihalogenated ricinole- 
ates or ricinelaidates in Wijs or bromine in acetic acid solutions 
results in a further utilization of the excess free halogen present.

Since the ricinoleates and ricinelaidates differ from the normal 
unsaturated  fa tty  acids only by the possession of the 12- 
hydroxyl group, i t  is reasonable to  conclude th a t the further 
utilization of halogens in the presence of mercuric acetate takes 
place a t the hydroxyl group, probably involving an oxidation 
of the secondary alcohol group, or a substitution activated by 
the hydroxyl group.

In  another series of experiments, three samples of methyl 
ricinoleate were allow’ed to react with W ijs solution for 30 minutes. 
One of the samples was titra ted , and the iodine value w'as deter­
mined to  be 82.1. To the other two samples, mercuric acetate 
was added, and a t  the end of 3 more minutes, the iodine value 
had risen to  88.8, and finally after 15 minutes, to  100.4.

Table II. Effect of 0 .0 1 4 7  M  Mercuric A cetate  on Iodine Values
Tim e, M in. Halogen E qu ivalen t Iodine V alue

A. 0 .01968 Af M ethyl R icinoleate, 0 .05257 M  Wijs
1.0
3 .0
3 .0
9 .0

15.0
15.0

2.054
2 .188
2.187
2 .368
2 .470
2.473

83.44
88.91
88.82
96.21

100.31
100.45

B. 0 .01847 Af M ethyl R icinelaidate, 0 .05257 Af W ijs
1 .0
3 .0

10.0
15.0

2.051 •  
2.116 
2.193 
2.206

8 3 .3 0
85.97
8 9 .08
89.61

C. 0 .01968 A/ M ethyl R icinoleate, 0 .05644 Af Brom ine
1.0
3 .0

10 .0
2 0 .0
60 .0

2 .032
2.071
2.123
2.172
2 .318

82 .53
84 .12
86 .22
88 .23
94 .16

D. 0.02991 Af M ethy l O -Propionylricinoleate, 0 .05246 Af Wijs
1.0
3 .0

15.0

1.989 
1.983 
1.993

68 .52
68.29
68.65

To prove conclusively th a t the excessive utilization of the halo­
gen reagents was due to the free hydroxyl group, m ethyl 0 - 
propionylricinoleate was prepared and  examined as above. The 
behavior of this ester w-as entirely normal as shown in T able II, 
thus dem onstrating th a t  the anomalous behavior of th e  ricinole­
ate and ricinelaidate is due to  its free hydroxyl group.

From  a  practical point of view, th e  results of W ijs mercuric
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acetate iodine num ber determ inations should be critically ex­
amined if the presence of free hydroxyl groups is suspected.

EX PER IM EN TA L

P r e p a r a t io n  o p  M e t h y l  R i c i n o l e a t e  (S ). C astor oil was 
converted to  castor oil m ethyl esters by saponification, isolation 
of the acids, and estérification w ith 2 to  4%  sulfuric acid in 
absolute methanol. The esters (650 grams) were fractionally 
distilled through a  60-cm. (24-inch) Vigreux column, and methyl 
ricinoleate was collected a t 157° to 158° C. a t 1-mm. pressure. 
The yield was 474 grams of m aterial having the following con­
stan ts: nS =  1.4596, iodine value, 82.0 (theory, 81.2).

P r e p a r a t io n  o p  M e t h y l  R i c i n e l a i d a t e  (3). From  2000 
grams of castor oil, 530 grams of crude ricinelaidic acid were ob­
tained by elaidinization of the acids w ith oxides of nitrogen (3). 
The acids were converted to  the m ethyl esters by refluxing w ith 2 
to 4%  sulfuric acid in absolute methanol and separated from non­
volatile m aterial by distillation from a Claisen flask a t 1-mm. 
pressure. There was obtained 465 grams of im pure product. 
This was then fractionally distilled as above, and the main frac­
tion collected, b.p. 181° a t  2 mm., and recrystallized twice from 
a  mixture of Skellysolve F  and diethyl ether. The yield was 290 
grams of pure m ethyl ricinelaidate, m.p. 30° to  31° C., n3g =
1.4582, iodine value, 81.5 (theory, 81.2).

P r e p a r a t i o n  o f  M e t h y l  O - P r o p i o n y l r i c i n o l e a t e  ( 6 ) .  

Castor oil m ethyl esters, prepared as above, were heated rapidly 
and briefly to 180° C. with tw o-thirds their weight of propionic 
anhydride. The mixture was fractionally distilled to obtain the

pure ester which had the following constants: b.p. 186° a t  1 
mm., =  1.4510, saponification equivalent, 185.6 (theory, 
184.3), acid value, 0.0, and iodine value, 68.5 (theory, 68.9).

P r o c e d u r e . A utom atic pipets were used to obtain aliquots of 
all standard  solutions. An aliquot portion (10.96 ml.) of the com­
pound and 24.98 ml. of the halogen reagent were mixed and al­
lowed to react for the sta ted  tim e interval, and the excess re­
agent was then  titra ted  to  obtain the results given in  T able I. 
To determ ine the effect of mercuric acetate shown in T able II , 
the ester and halogen reagent were mixed, and im mediately 
treated  w ith 10.0 ml. of 2.5% mercuric acetate in glacial acetic 
acid, and allowed to  react for the intervals recorded, beginning 
w ith the addition of mercuric acetate. B lank experiments, w ith­
out the presence of the unsaturated  compound, were performed 
in  all the series to  eliminate corrections necessitated by th e  pres­
ence of small ¿m ounts of oxidizable m aterials in the mercuric 
acetate solution.
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Improved Device for Decomposition of Grease
PFC. R IC H A R D  W . T A R A R A 1 

Rock Island Arsenal Laboratories, Rock Island, III.

IN T H E  laboratories of the Rock Island Arsenal, where the 
num ber of grease samples to  be analyzed and the tim e avail­

able are determ ining factors, the standard  method of the Ameri­
can Society for Testing M aterials (I) for decomposing the soap 
in the grease was too time-consuming when a 30-gram sample was 
used, the tim e varying from 20 m inutes w ith a  light grease to  2 
hours w ith some of the heavier greases. T his method of soap 
decomposition consists essentially of shaking 8 to  30 grams of the 
sample, depending on the consistency of the grease, in a  separa­
tory funnel a t room tem perature w ith petroleum ether and 10% 
hydrochloric acid.

Since the “boiling m ethod” is used in m any grease testing 
laboratories, its suitability for the Arsenal needs was looked into. 
Briefly, th is method consists in placing about 30 grams of grease 
in a 400-ml. beaker, adding about 200 ml. of 10% hydrochloric 
acid solution, and then heating the m ixture to the boiling point

1 P resen t address, % D r. P . L. T ara ra , M ayo C linic, R ochester, M inn.

of the hydrochloric acid solution to  accelerate the decomposition. 
I t  was found th a t the tim e required to  break down the grease 
could be reduced to  from 5 to  10 m inutes for the average grade to 
20 m inutes for the heavier grades. T his m ethod does no t re­
quire the undivided atten tion  of the analyst; however, unless 
the m ixture is constantly stirred, steam  has a tendency to  build 
up pressure beneath the floating grease layer. In  the case of the 
heavier grades of greases especially, this steam  pressure may 
cause violent bumping w ith subsequent loss of m aterial due to  
splattering.

T o overcome this, several procedures were tried  b u t only two 
proved effective. The first, which was very effective bu t cum­
bersome, consists in placing a slow-speed m otor on a  rack over 
the' ho t plate  and stirring the m ixture as it  boils. The second 
procedure is the percolator method.

When the grease percolator, as shown in Figure 1, is placed in 
the beaker w ith the grease sam ple and the hydrochloric acid 
solution, the steam  is provided w ith an outlet, thereby prevent­
ing excessive bum ping due to  th e  pressure buildup. T he perco­
lator serves a twofold purpose. Prim arily, it  serves to  prevent 
violent bumping with its  subsequent loss of sample and, secondly, 
it is used to  agita te  the grease, thus accelerating the decomposi­
tion by exposing more surface to  the acid solution. T his secon­
dary effect is accomplished by means of the tw ist in the steam 
tube (see diagram). W hen th e  m ixture reaches the boiling point 
of th e  hydrochloric acid solution, steam  and hydrochloric acid 
solution “boil up” through the percolator ou t of th e  tube  and are 
forced back into the surface of the grease layer by  their own pres­
sure. By placing the exit tube a t an angle, the steam  and hy­
drochloric acid solution which spurt ou t w ith some force tend to 
agitate the grease layer, causing it  to  revolve on the surface of 
the hydrochloric acid solution.

The percolator can be readily made in the laboratory from an 
ordinary 2.5-inch diam eter 60-degree angle soft-glass funnel. 
Two or more venting grooves are bent in th e  lip of the funnel. 
The stem is then  bent in the m anner shown by the diagram.
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Distillation Trap for Determining Moisture in Relatively Dry Materials
W . N . L IN D S A Y

Central Research Department, Food M achinery Corporation, San Jose, Calif.

A  COMMON method for rapid determ ination of moisture is 
distillation of the m aterial with a solvent immiscible with 

water and collection of the water in a suitable trap  where its 
volume may be measured. Several types of distillation traps 
are described in the literature (1, 3-10, 12), the earliest being th a t 
of Bidwcll and Sterling. These traps have been designed to use 
solvents with densities both heavier and lighter than  water. 
Liquids, heavier than  w ater have several advantages, other than 
their usual nonflammability. Since m ost samples float on the 
heavy solvent, scorching on the bottom  of the flask and excessive 
bumping are eliminated. The vapor and condensate are a t  all 
times in the path  of continuous flow, w ith no stagnant pockets 
in the condensed solvent or w ater where individual droplets form 
and remain isolated.

Figure 1. Diagram of Trap 
Dimensions in mm.

The usual trap  is graduated in 0.1 ml., and  the volume of water 
collected m ay be estim ated to  0.01 or 0.02 ml. For products of 
low moisture content, a large sample m ust be taken to obtain 
the usual 5 or 10 ml. of water. M any products are too bulky 
for an adequate sample weight, and in m any instances only small 
quantities are available for analysis. For these reasons a trap  
designed particularly for small am ounts of moisture has been de­
sired. A ttem pts to modify existing heavy solvent traps by de­
creasing the diam eter of the usual graduated tube to secure 
smaller unit volumes were not satisfactory because the solvent 
did not fall dropwise through the w ater layer, and the w ater was 
swept out of the trap. As a result, a  new type of tilt trap  (Figure 
1) using a heavy solvent was designed to  allow precise measure­
ment of small volumes of water.

DESCRIPTION O F  TRAP

Tube .4 (17 mm. in diameter) is connected to the boiling flask 
w ith a cork or ground-glass joint. Vapors from the boiling flask 
pass through A  into the 25-mm. diam eter section of the trap  con­
taining an immersion condenser, C, the shoulder of which rests

loosely on the top of the trap , and positions the tip of the con­
denser near the graduated arm, B. I t  is im portant th a t the con­
denser be immersed in the condensed w ater and solvent. B  was 
m ade of a 1-ml. Pyrex pipet with 0.01-ml. divisions. The portion 
of the return line inside tube A  was made of 6-mm. tubing. The 
height of the open end of this tube was adjusted to cause the con­
densed water layer to  rem ain in the 25-mm. diam eter tube above 
the constricted section. W hen the trap  is tilted to bring B  into a 
vertical position, the w ater layer falls into this graduated tube, 
where the w ater volume can be read directly to  0.01‘ml. and es­
tim ated to  0.001 ml. As the zero graduation m ark will not nec­
essarily coincide w ith a  meniscus, the volume is determined by 
taking the difference between the meniscus readings. The trap
was designed for use with perchloroethylene ^d  =  1.03 ; other

solvents m ay be used if their density is near th a t of perchloro­
ethylene.

O P E R A T IO N  O F  TRAP

The sample is weighed into a  250-ml. boiling flask containing 
150 ml. of perchloroethylene, the trap  is connected, and cold 
water is circulated through the condenser. I t  is im portant to 
fill the return line of the trap  w ith solvent before distillation 
starts, in order to  prevent w ater from entering the small diam eter 
tubing. T he content of the flask is quickly brought to boiling, 
and maintained a t  a vigorous boil. I t  is necessary to  have a large 
flow of condensed solvent through the return line. If the flow is 
small the solvent in  the portion of the return  line inside tube A  
may boil and the water layer may fall into the return  line and 
completely upset the correct operation of the trap.

Small droplets th a t sometimes remain on the condenser and 
glass surface of the trap  a t  the completion of the distillation will 
unite with the condensed liquids if the condenser is lifted and 
touched w ith a  small rod (1 mm. in diameter) wetted with 
Tcrgitol 4 or 7. An excess of wetting agent will m ake i t  difficult 
to read the meniscus between the solvent and water, because of 
formation of a  cloudy layer. W hen the condenser is replaced and 
the contents of the trap  are gently swished, the glass surfaces will 
drain. Since the condenser m aintains the w ater layer and con­
densed solvent near room tem perature, the w ater volume may 
be read as soon as boiling has ceased, thereby shortening by 
several minutes the to ta l time of the determ ination.

The trap  was tested for w ater recovery by placing 0.50 ml. of 
water in the boiling flask w ith 150 ml. of perchloroethylene and 
boiling for 30 minutes. The w ater recovery was 0.48 ml. Cause 
for the discrepancy of 0.02 ml. was not determined, bu t is 
probably w ater held on the surfaces of the trap  and condenser. 
When determining the moisture content of a foodstuff, the in­
complete recovery of w ater m ay be neglected, because decompo­
sition of the sample a t  the .high tem perature of the boiling sol­
vent requires an arb itrary  adjustm ent of the to ta l distillation 
time to produce agreem ent between the distillation m ethod and 
a reference method. For whole egg powder, w ith perchloroethyl­
ene as the solvent, a  distillation time of 25 m inutes was found 
to give results comparable to  those obtained by the A.O.A.C.
(2) and the faster high-vacuum methods {11).
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Manometrie System for Volum etrie  Gas Analyzers
A M O S  R. A N D E R S O N  

Houdaille-H ershey Corporation, Decatur, III.

TH E use of nonscientifie personnel in operation of the so- 
called precision model volum etric gas analyzer has presented 

many difficulties in this laboratory, which has to analyze several 
hundred gas samples a week. The two m ost troublesome are 
blowing ou t or sucking in of m anom eter fluid b3'  the operator, and 
the development of a  leak in the middle of an analysis.

Figure 1. Improved M anom etrie System 
as Installed in a Regular Gas-Measuring 

U nit

The first difficulty is frequent w ith beginners b u t occasionally 
happens during fast operation to  the m ost experienced gas ana­
lyst. W ith standard apparatus this is usually due to  difficulty in 
obtaining accurate equalization of the mercury levels in the level­
ing bulb and the gas buret, particularly in the lower portions of 
the system, or failure to  close the m anom eter stopcock before 
s tarting  the flow of gas. The second difficulty is usually due to 
excess positive or negative pressure in the system.

These difficulties and the tim e lost in dismantling, cleaning, 
and reassembling apparatus, refilling the m anom eter, and re­
peating analyses, prom pted the design of the system  described 
below.

N early all commercial models of volumetric gas analyzers con­
ta in  one ordinary U -type m anom eter w ith one arm  attached to 
the compensating tube and the other to  the manifold or to  the 
buret itself. The system described here consists of two m an­
ometers, one for rough prelim inary equalizing of the gas pressure 
and the second for sensitive and accurate final pressure balance. 
For the la tter, th e  m anom eter contained in the original apparatus 
serves very well when filled w ith a  slightly acidified aqueous 
solution.

F or the first manom eter, a design was worked ou t which 
roughly equalizes the gas pressure before opening the sensitive 
m anom eter to the system, gives a continuous visual indication of 
the pressure w ithin the system, and compensates partially  any 
abnorm al pressure or vacuum  developed in  the system  during the 
analysis. T his m anom eter is built into  the w ater jacke t and 
makes use of the gas buret for one arm  of the U. The other arm  
is a  sm ail-diam eter glass tube which connects to  the gas buret a t 
the base by means of a small glass Y.

The system  is shown in Figure 1 as i t  was bu ilt into the regular 
buret manom eter-compensator assembly.

T he left arm, A,  of the built-in m anom eter is constructed of 6- 
and 8-mm. tubing, the base being 8-mm. tubing to correspond 
w ith the gas buret outlet. The m ain body of the arm  is of 6-mm. 
tubing and has a small ground-glass, ball check valve, B,  sealed 
to the top. The over-all length of this tube for a  77.5-cm. (31- 
inch) w ater jacket, C, is 100 cm. (40 inches) and  it  contains ap­
proximately 12 ml. of m ercury when completely filled. The 
connecting Y -tube a t  the base is of 8-mm. tubing and has 2.5- 
cm. (1-inch) arm s to facilitate good seals w ith the rubber connect­
ing tubing.

The other parts  of the assembly 
compensator tube, F, was placed in tl 
for clarity on the two-dimensional di 
directly behind the gas buret, E.

This m anom eter system (1) eliminates the guesswork involved 
in equalizing the m ercury levels before opening the sensitive 
m anom eter to  the system, thus preventing one of the causes of 
blowout or suckin of m anom eter fluid; (2) i t  helps to  compensate 
fbr any abnorm al pressure or vacuum  which m ay be exerted on 
the system, thereby decreasing leaks; and (3) i t  gives the analyst 
a  continuous visual indication of the pressure w ithin the system 
throughout the entire analysis. All these factors contribute to ­
ward faster and more consistently reliable analyses. The system 
makes cleaning and reassembling of the bu re t u n it som ewhat more 
difficult; however, used on several analyzers in this laboratory 
for more than  a year, i t  has helped to  prevent errors.

Lubricant Reservoir for Stirrer Shaft
J O H N  H . R O B S O N

Department of Chemistry, University of California,
Los A ng eles , Calif.

IN  O R D E R  to  avoid liquid-sealed stirrers, the au thor has been 
using stirrers of the type described by Fieser (1). The stirrer 

bearing is equipped with a 2-cm. section of rubber tubing which 
projects above the end of the bearing and makes a tigh t fit on the 
stirrer shaft. This rubber bearing requires frequent lubrication 
to  prevent heating and consequent im pairm ent of the seal.

A very satisfactory lubricant reservoir can be made by cutting 
off the closed end of a medicine dropper bulb and  fitting the de­
capitated bulb over the rubber bearing. T his device has been 
found serviceable over long periods of time, requiring only a few 
drops of glycerol or heavy m ineral oil once a  day.

LITERATURE CITED

(1) Fieser, L. F ., "Experim ents in  Organic C hem istry” , p. 310, B os­
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Experimental Dryer for Pre-Pilot Plant Studies
D A V ID  A .  C O LK E R 1, Eastern Regional Research Laboratory. Philadelphia 18 . Pa.

IN D ESIG N IN G  pilot-plant equipm ent with which to study 
the factors involved in large-scale processing of various products 

developed in the laboratory, experimental drying apparatus is 
frequently needed capable of determining the drying character­
istics of different materials under widely varying conditions and 
of yielding data  translatable to  larger scale operations. Such a 
machine should require a small quantity  of material.

In  recent years, drying techniques have been aimed a t achiev­
ing the most rapid rate of drying possible w ithout introducing 
deleterious effects on the product and consistent w ith the most 
economical methods for handling the m aterial. This has been 
accomplished in many cases by employing a  through-air circula­
tion method of drying, by which heated air is forced a t high ve­
locity through a porous bed of the m aterial supported on a per- 
forated-metal or screen surface. An experimental unit which 
meets these requirements is here described.

EQ U IP M E N T

Figure 1 shows a general layout of the unit. I t  consists essen­
tially of a centrifugal blower, A ,  7.5 inches in diam eter with a  V- 
belt drive from a 0.5-horsepower motor; a  drying cabinet, B;  a 
torsion balance, C, reading to  0.2 gram ; an  autom atic w et and 
dry-bulb recorder-controller, D, having th ro ttling  control and 
autom atic reset and equipped w ith a chart reading to  300° F .; 
an air-conditioning cabinet having a 2-row finned-tube steam coil 
with 39 square feet of heating surface; plus ductwork, control 
valves, and accessories. The entire un it is constructed of sheet 
metal covered w ith 2 inches of 85% magnesia insulation.

For supporting the m aterial several stainless steel pans are 
provided, each 1 square foot in area. The bottom s are con­
structed of perforated m etal or wire screen having apertures of 
various sizes for different kinds of material. Pan inserts are also 
provided to reduce the area of the bottom  or increase the height 
of the walls. Nichrome w-ires suspended from an aluminum rod 
and clamped to  the drying pan a t  its four comers pass through 
tjie roof of the drying cabinet (Figure 2). The holes in the roof 
are sealed w ith rubber stoppers.

The inside cross-sectional area of the drying cabinet is 4 square 
feet and the distance from the pan shelf to  the roof is 2 feet. 
Thus when the a ir enters the drying cabinet, its  velocity is re­
duced to  a very low value. W hen the pan is elevated by the wires 
approximately 10 inches above the shelf and suspended from the 
balance on the roof, accurate weighings can be m ade very rapidly 
w ithout shutting off the air supply and upsetting the control con­
ditions. A further advantage of this plenum chamber above the 
drying pan is th a t  i t  produces uniformity of air flow' through the 1 
square foot of drying surface of the pan w ithout baffles or vanes.

S tarting a t  the blower the air flows through the upper duct to 
the drying cabinet. A t location 1, Figure 1, is a  m anually oper­

■ Presen t address, N ational D ry ing  M achinery Co., Philadelphia, Pa.

ated  volumc-control damper, by means of which the total flow of 
air is regulated. The air next passes through an orifice nozzle, 2. 
Centrally located in the nozzle is a  P ito t tube, which is connected 
to the upper inclined m anom eter on the cabinet and gives a read­
ing of velocity head in inches of water; from this and from the 
tem perature the volume-fiow of the air is calculated. The air now 
enters the drying cabinet and passes down through the m aterial 
in the pan. The pan rests on a shelf which forms an orifice in the 
drying cabinet. S tatic pressure openings above and below the 
shelf and'connected to  the lower inclined m anom eter indicate the 
loss in pressure as the air passes through the m aterial and the pan. 
This information is vital to  the design of a blower for larger 
equipment.

M ounted just above and behind the drying pan are the dry and 
wet bulbs of the air-operated tem perature recorder-controller 
(Figure 2), by which the tem perature and hum idity of the air 
blowing on the wet m aterial are controlled. A slight error in the 
wet-bulb tem perature of the drying air is introduced here, since 
the evaporation from the wick is included in the air passing 
through the pan. Also entering the drying cabinet ju s t above the 
pan is an iron-constantan thermocouple, connected to  a poten­
tiometer. The thermocouple lead wires arc coiled, so th a t when 
the point is injected into the wet m aterial, the pan can be raised 
and lowered for weighing and the additional tare due to the ther­
mocouple will be practically constant.

As the air leaves the bottom  of the pan, it  passes over the sen­
sitive portion of an industrial therm om eter and then  enters the 
retu rn  duct. Here the am ount of spent air vented a t  4 is au to­
m atically controlled by damper, 3, operated by a diaphragm 
m otor which functions from the wet bulb of the controller. An 
equal am ount of fresh air enters a t 5. The recirculated air plus 
the fresh air then enters the conditioning cabinet.

In  the conditioning cabinet the air first passes through the 
steam heater. The supply of steam  is autom atically controlled 
by a diaphragm valve which functions from the dry bulb of the 
instrum ent. If necessary, the heated air is then humidified by 
spraying steam  or a  fine m ist of vrater through nozzles facing 
against the path  of air flow. The quantity  sprayed is autom ati­
cally controlled by a  diaphragm valve which functions from the 
w et bulb of the instrum ent. E ither w ater or steam  can be sup­
plied to  the humidifying control valve, the choice being deter­
mined by the wet-bulb tem perature required.

Figure 1. Dryer
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Pycnometer H o lder
ROBERT E. L E D LE Y , Jr ., Sun O i l  Com pany, N orw ood, Pa.

SIN CE the publication by Lipkin, Davison, Harvey, and 
K urtz (1) of a new design of pycnometer especially suited to 

the precise determ ination of the densities of volatile liquids, rou­
tine use of this instrum ent has indicated the need for a  multiple 
holder assembly w ith which to  support two or more pycnometers 
a t one time in a glass ja r therm ostat. A simple and satisfactory 
type of holder which has been in use in this laboratory for several 
years is illustrated and described herewith.

Figure 1 shows the structural details of the holder proper.

SPRING CLIP, 
30-GAUGE 

SHEET METAL

HEX. NUT

SOLDER
TO ROD

THREAD f  ROD, 
20  TPI '

I t  m ay be made of brass or any other available m etal which can 
be hard- or soft-soldered and will not corrode in the therm ostat 
liquid.

Figure 2 illustrates a convenient m ounting for suspending the 
holders in the therm ostat. I t  consists of a  brass bar 0.125 inch 
thick, 1 inch wide, and 12 inches long w ith seven V k inch holes 
drilled 1.5 inches ap a rt to accom modate the threaded ends of the 
holders. Two nuts support each holder and perm it regulation 
of the depth of immersion of the pycnometers. A to ta l of six 
holders w ith pycnometers m ay be conveniently suspended in a  
12-inch diam eter ja r  with this mounting. The ends of the m ount­
ing as illustrated are drilled to  fit over posts clamped to the sideh 
of the therm ostat. However, the posts need no t be used, the 
bar simply being allowed to  rest on the edges of the jar. Ind i­
vidual m ountings for each holder which can be hooked or clamped 
to the edge of the ja r m ay be used if desired.

Wing nuts provide a convenient means for ro tating  the holders 
to  the best position for reading the levels of the menisci. P yc- 
nometers may be placed in or removed from the therm ostat w ith­
ou t removing the assembly from the bath  or disturbing o ther 
pycnometers mounted in it.
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(1) Lipkin, M . R ., D avison, J. A ., H arvey, TV. T ., and Kurtz, S. S ., 
Jr., I n d . E n g . C h em ., A n a l .  E d ., 16, 55  (1944). .

E X A M P L E  O F  USE

The utility of such an experimental dryer was dem onstrated 
during the development of a pilot-plant process for extracting 
rubber from the Russian dandelion.

The purified rubber as extracted  from the root was in the form 
of small discrete particles which floated in water. T his m aterial 
was first dewatered on a  centrifuge, then spread in to  a drying pan 
having a perforated m etal bottom . Studies were made to  deter­
mine the optim um  air tem perature, velocity, depth of loading, 
etc. Samples from each test were checked by compounding the 
rubber and subjecting it to physical tests. The type of drying 
da ta  obtained from a single test is illustrated  in  Figure 3. Air a t 
200° F . and 9%  relative hum idity was circulated a t  a  ra te  of 
175 c.f.m. per square foot of pan area; the tray  was loaded with 
0.75 pound (dry weight) of rubber per square foot.

I t  was dem onstrated th a t such a heat-sensitive m aterial could 
bo dried very rapidly a t an elevated tem perature w ith b e tte r 
results and more economically th an  by a  conventional method 
for drying rubber, such as vacuum  drying. The d a ta  obtained 
made possible the operation of a pilot-plant dryer under condi­
tions which yielded the best quality  of dried rubber.

OPEN TOP

SOLDER 
TO ROD

S e c t io n  B B

The conditioned air finally passes; through a  copper diffusing 
screen, C, which eliminates any droplets of water. If the humidi­
fying nozzles were located in the duct leading to  the heater, the 
diffusing screen would be unnecessary. The air now returns to 
the blower for another cycle.
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A  Combination Glass Soxhlet Extractor and V a p o r  Degreaser 
for General Laboratory Use

H . A .  S A U E R , Bell Telephone Laboratories, Inc., M urray H il l ,  N . J.

N C ON NECTION  w ith investigations of certain types of in­
sulating m aterials, such as capacitor dielectrics (impregnated 

paper, mica, ceramics, and plastics), extraction procedures and 
suitable techniques for proper cleansing of instrum ents and test 
specimens are of basic importance. The usual type of glass Soxh­
let extractor and various modifications (the literature is volumi­
nous in th is  connection), including metal and earthenware types 
designed particularly for use in biochemical and nutrition labora­
tories (1, £, 3), have this in common, th a t the condenser is made 
the top (cover) section of the extraction com partm ent or is 
adapted to  it. T his necessitates removal of the condenser when 
introducing and withdrawing the parts to  be treated. Frequently, 
operations of the sort referred to above m ust be performed w ith 
dispatch, requiring minimum manipulation. Furtherm ore, i t  is 
often desirable to  tre a t instrum ents and complete or partia l test 
assemblies whose geometric shapes, particularly as regards their 
length, are such th a t commercially available equipm ent null not 
accommodate them.

To overcome these limitations a combination extractor and 
degreaser has been designed and constructed in which the water 
condensers are integral with the liquid (extraction) and vapor 
(degreasing) compartm ents, so th a t there is direct access to these 
compartm ents w ithout manipulation of the apparatus.

As shown in Figure 1, the apparatus consists of two parts: 
a  solvent container (flask) and an extractor and degrcasor unit,

both of Pyrex. T he flask is fitted with a female section of a — T
ou

ground-glass joint. The male section of this jo in t is attached to 
the lower end of the extractor and degreaser unit. Vapor ducts 
leading from the flask to the extraction and degreaser unit, as 
well as the dcgrcascr com partm ent itself, are wrapped w ith as­
bestos tape to reduce condensation on the walls of these compo­
nents. Approxim ate over-all dimensions of the apparatus are
02.5 cm. (25 inches) high X 20 cm. (8 inches) wide X 16.25 cm. 
(6.5 inches) deep. The flask is charged w ith a  volume (1200 cc.) 
of solvent approxim ately three times the minimum required to  
operate the extractor. The heating is controlled to provide dis­
tillation a t  a  mild rate. Under these conditions the data  in 
Table I have been obtained on the ra te  of solvent loss by evapora­
tion.

Table I. Performance of Apparatus
R ate  of

E vapora tion  E x traction
Solvent Loss Cycle

Cc./hour M in .
B enzene 5 45
A cetone 10 40
E th e r  24 25
T richloroethylene (Perm achlor) 2 60

Some reduction in the consumption rate  m ay be effected by 
providing caps for the tops of th e  com partm ents. However, 
experience has shown th a t w ithout caps the loss in m ost cases is 
sufficiently low, so th a t the equipm ent is well adapted to  pro­
tracted  extraction treatm ents. V irtually all the  vapor condenses 
on the lower th ird  of the condenser surface. Additional solvent 
m ay be introduced through the degreascr com partm ent to  replace 
solvent lost during operation. Because of the open-top feature, 
the equipm ent should be located under a hood or where the es­
caping vapor can be readily removed from th e  working area.

W ithout in terrupting  the boiling and condensation of the sol­
vent, samples to  be treated  are inserted and withdrawn through 
th e  wide cylindrical m outh a t  the top  of each compartm ent. 
The vapor phase chamber is distinct from the liquid extraction 
compartm ent, thus perm itting vapor cleansing of laboratory 
appliances w ithout contam inating te s t specimens in the  extrac­
tion section. Thorough cleansing is often expedited by subjecting 
the work to  a  short treatm ent in  the liquid phase followed by a 
dip in the vapor to  remove last traces of contam ination.

Because of its flexibility, th is apparatus has served well as a 
general laboratory utility . The equipm ent m ay be constructed 
of m etal or p art metal, p a rt glass. (In  a modification of the all­
glass un it the condensers have been constructed of m etal in such 
a manner th a t the cooling liquid is in  direct contact w ith the glass 
surface of the compartm ents. These condenser shells are firmly 
secured in proper position on the extraction and degreasing 
columns.) A proportionate increase or decrease in the dimen­
sions of the component parts  (w ith the exception of the capillary) 
should provide a unit which will satisfy specific req u irem en ts .
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Reaction Vessel for Maintaining Constant p H  by Continuous 

Electrometric Titration during Sodium Amalgam Reductions

N A T H A N  SPERBER1 A N D  D. R. B R IG G S , Division o f  Agricultural Biochemistry, University o f  M innesota, St. Paul, M in n .

A  N U M B ER  of chemical reactions occur a t  definite optimum 
pH  bu t liberate substances which alter the pH. In  order 

to  m aintain the desired pH  i t  is therefore necessary to  add con­
trolled am ounts of acid or base to  the system during the course of 
the reaction. Such control has been accomplished by use of in­
dicators, buffers, or electrometric instrum ents. The first method 
is not practical where the reaction medium is turbid or colored, or 
the pH  of the solution is changing rapidly; the second is limited 
by questions of buffer capacity and the isolation of the product.

Electrometric control can be maintained in large-scale reactions 
by the use of autom atic potentiom etric equipment. On a  
smaller scale it  is possible to use an external centrifugal pump and 
electrode chamber w ith m anual control of the addition of acid or 
base required to hold the pH constant, bu t this system requires 
fairly large volumes of liquid and may result in corrosion in the 
pump chamber. A number of micro and semimicro control 
techniques have been devised, bu t these m ethods are not readily 
adapted to  the usual laboratory preparation (I).

A simple, all-glass vessel is needed to  accomplish this purpose 
w ithout the use of external circulating pumps and expensive au­
tom atic control instrum ents—i.e., one suited for laboratory use. 
The authors have devised such a vessel for use in studies of the 
sodium amalgam reduction of aldonolactones to  aldoses where 
the reduction was studied a t  several pH  ranges. W ith slight 
modification this vessel m ay be employed for m any other 
types of reactions whore pH  control is necessary.

A P P A R A T U S

The reaction vessel (Figure 1) consists of a 1-liter, three-necked 
Pyrex flask, A,  w ith a small electrode chamber, B,  sealed on just 
above the middle of the flask. Larger or smaller flasks m ay be 
used ju s t as readily. A stainless-steel stirrer, S,  having a hinged 
blade, which is a  circular segment of the cross section of the flask 
and fitting to  w ithin 1 to 2 mm. of the bottom , furnishes the 
pumping action (2). The stirring motor should be both fast and 
powerful. A m otor controlled by a  centrifugal governor is pref­
erable to one w ith a  rheostat control.

The flask and the electrode chamber are separated by a per­
1 P resen t address, Sobering C orporation , Bloomfield, N . J.

forated glass disk, C, 3 cm. in diam eter, containing a large num ­
ber of 1- to  2-mm. holes. The perforations serve to  diminish the 
im pact of the solution against the electrodes, especially when mer­
cury is used in  the reaction mixture. The neck of the electrode 
chamber is large enough to accommodate a No. 6 rubber stopper. 
The main portion of the electrode chamber is a flat cylinder 2.5 
cm. deep on its horizontal axis, one base of which is the perfo­
rated  disk. A conical taper, 2 cm. deep, connects the bottom  
side of this cylinder to the lower side of the flask a t a  point verti­
cally about 1 cm. from the bottom  of the flask by means of an 8- 
mm. glass tube, D, which has a slight U-bend. This tube serves 
as the main path  for the return  of the mercury from the electrode 
chamber to  the flask. Another glass tube, E,  connects the center 
of the electrode chamber to  the lower th ird  of the  flask. This tube 
is joined to the flask by an inner seal ju s t above the point where 
the stirrer blade moves along the wall of th e  flask and opens 
within the flask as a spout which points in the direction of move­
m ent of the blade along the wall. T he tube acts as a  siphon and 
keeps constant the level of the aqueous solution in the chamber; 
it also provides for a rapid change of the liquid in the electrode 
chamber.

T he pH  changes occurring in th e  electrode chamber can be 
m ost accurately followed when a  direct-reading pH  m eter is em­
ployed, b u t the ballistic type of instrum ent m ay be used alm ost 
as readily. The electrodes m ay be constructed to fit the dim en­
sions of the cell, or any of the long electrodes furnished com­
mercially can be adapted to  fit the cell. An agar-potassium  chlo­
ride bridge was found to bo superior to  the capillary glass type, 
b u t a commercial calomel cell w ith a  flexible rubber tip  containing 
a pinhole was satisfactory.

The electrodes are inserted in a  two-holed rubber stopper and 
are adjusted to  fit into the lower portion of the electrode cham­
ber w ithout touching the sides. A 50-inl. calibrated buret is 
placed in  one side neck and the other neck is available for meas­
uring the tem perature and adding reagents.

O P E R A T IO N

A 10- to 15-ml. pool of clean mercury is placed in the flask and 
the stainless-steel stirrer is fitted as close to the bottom  as pos­
sible. The bearing for the stirrer m ay be simply a glass tube 
w ith a  rubber-m ineral oil seal. The speed of the stirrer is consid­
ered properly adjusted when all the mercury is thrown against the 
side of the flask and no large globules rem ain a t’the bottom  when 
the stirrer is operated. T he reagents are added together w ith 200 
ml. of w ater and the speed of the stirrer is regulated to  force the' 
solution and the stream  of m ercury into the electrode chamber a t  
a  level sufficient to  keep the electrodes covered. T he electrode 
assembly is then inserted into the neck of the electrode chamber.

The stirrer and the whirling mercury produce an oscillating, 
pumping action whereby the liquid and the mercury are forced 
into the chamber and back through the re tu rn  tubes. M ercury 
collects in the U-portion of tube D during one phase of the action,

Figure 2. Decomposition of Sodium Am algam  in 0 .1 0 4  H  
Sulfuric A c id
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and when the oscillating solution moves away from the opening, 
a  stream  of mercury and liquid pours back into the flask. The 
whirling solution creates a suction on the siphon tube, E, and 
keeps the liquid in the electrode chamber a t a  constant level. The 
stream  of mercury mixes the contents of the chamber, so th a t the 
pH  readings are representative of the whole sample.

The pH control is effected as follows: One hand is used to  op­
erate the buret which contains the standard  acid or base while the 
other hand taps the electrometer key. Thus, if base is liberated 
during the experiment and the desired range is 3.5 to  4.5, the dial 
of the pH m eter is set a t  pH  4 and standard acid is added a t a 
ra te  which causes minimum deflection of the needle. W ith a 
little  experience the operator can m aintain the pH  of the reaction 
mixture within 0.5 to  1.0 pH  units in a contmuously changing 
system.

E x a m p l e . The precision of the method can be demonstrated 
by a study made on the rate  of decomposition of 25-gram samples 
of 2.5%  sodium amalgams of different particle size and a t various 
tem peratures in contact w ith an aqueous phase m aintained in the 
pH  range of 3.5 to  4.5. The deviation of the points from the 
smooth curve in Figure 2 m ay be taken as a measure of the

degree of control attained. The entire reaction vessel m ay be 
submerged in a constant-tem perature b a th  when it  is desirable 
to  control the tem perature a t  which the reaction is allowed to 
proceed.
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Estimation of Iodine Color of Starches and Starch Fractions
S T A N L E Y  A .  W A T S O N  a n d  R O Y  L. W H ISTLE R  

Starch and Dextrose Division, Northern Resional Research Laboratory, Peoria, ill.

STA R C H ES and starch  fractions are usually characterized in 
p a rt through the color produced by addition of iodine to 

their • solutions. E xact comparison of these solutions can be 
made only by means of the spectrophotom eter (1, 8, Jh 5, 9), bu t 
in m any instances, and for routine testing, visual estim ation of 
color is useful. Heretofore, however, no standard  method for 
comparing starch-iodine colors has been employed, and, in most 
cases, authors have failed to record the procedure used in making 
the color test. Since the color with iodine of some starches and 
starch fractions changes w ith the concentration of the starch solu­
tions and w ith the am ount of iodine added, m any starch-iodine 
colors recorded in  the literature w ithout accompanying descrip­
tion of the tes t m ethod are not suitable for com parative work.

In  order to  facilitate and standardize the designation of color 
of starch-iodine solutions, the following method has been devised 
for visual comparison of these solutions. The method gives 
reproducible results and is sensitive to small differences in color. 
All colors are referred to  standard  color charts (7, 8) and hence 
are capable of direct comparison in different laboratories 

Color names have been chosen with a view to  keeping the no-

Table I. Colors Produced by Iodine on 0 .0 3 %  Dispersions of Starches, Starch Fractions, and
Starch Derivatives

Colors O bserved w ith Various A m ounts of 0.01 N  Iodine on 10-MI. Starch 
Dispersions

S tarch  Sam ple
Amylose

• Whole* cornstarch  (d isin tegrated) 
Corn am ylopectin  (no t purified)“

C orn am ylopectin  (co tton  trea ted ,
D c

P o ta to  amylopectin®
W axy cornstarch  (hand-polli­

nated)
W axy rice 
W axy barley  sta rch

0-A m ylase lim it dex trin  (corn­
starch)

W heat dex trin  (roasted  6 hours 
a t  180° C.)

W heat dex trin  (roasted  6 hours 
a t  190° C.)

Colçr C om parison M ade with Ridgeway 
Color C h arts  (5)

0.10 ml. (2 drops)
Spectrum  blue 
Spectrum  blue 
L igh t spectrum  blue 

(49b) b 
L igh t blue-violet

L igh t purple (65b) 
L igh t am ethyst-v io le t 

.(61b)
L ight p ink (67f)
L igh t spectrum  violet 

(59b)
Spectrum  blue

L igh t am ethyst-v io le t 
(61b)

Pale  p ink  (3'f)

0.50 ml. (10 drops)
Deep blue precip ita te  
Deep blue precip ita te  
Spectrum  violet

A m ethyst-violet to  
violet-purple 

M agenta
T rue purple to  m agenta

Reddish m agenta (69') 
Violet-purple

Spectrum  violet

T rue purple

L ight jasper red 
ligh t coral red

Xodme absorp tion  (2) 16 mg. per gram ; approx im ate  am ylose con ten t 8 .0 % . 
b N um bers refer to  p la tes  whose color nom enclature has been simplified. 
c A pproxim ate am ylose con ten t 0% .

m enclature as simple as possible. In  general, comparisons have 
been made w ith standard colors or with common color names. 
I t  is recognized th a t the designation of color by name is inexact 
to  the extent th a t  most names may properly describe a num ber of 
colors within a given small range. Hence, for more exact designa­
tion of color, the more precise notation devised by Munsell (7) 
has also been used. The results obtained in applying the test 
method to several starches and starch fractions are shown in 
Table I.

The method is particularly useful in determining the purity  of 
amylopectin fractions. The presence in am ylopectin of amylose 
in quantities so low as to be scarcely evident on potentiom etric 
iodine titra tion  (2) is readily shown by the blue color produced 
on addition of 0.1 ml. of iodine to  the starch dispersion, while 
more iodine up to  0.5 ml. brings out the typical amylopectin 
color. The persistence of the blue color and its influence on the 
final color m ay serve as a rough indication of the am ount of 
amylose present. W ith appreciable am ounts of amylose in the 
amylopectin, the blue color of the amylose-iodine complex m asks 
the color of the amylopectin with iodine and prevents its visual

detection. This m ethod, there- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  fore, does no t serve to  detect

amylopectin in m ixtures where 
amylose constitutes m ore than 
6 to 8%  of the to ta l carbohy­
drate present. In  the la tte r  solu­
tions the amylose-iodine complex 
usually precipitates.

Under the controlled condi­
tions of tes t employed here, the 
color produced by iodine on 
waxy cornstarch is true purple 
and not red as has often been 
reported. The red (sometimes 
c a l le d  r e d d is h -b r o w n )  color 
f r e q u e n t ly  a s s o c ia te d  with 
waxy c o r n s ta r c h  is observed 
only in the presence of an ex­
cess of iodine and is in  p a rt due 
to  the color of the free iodine 
in the solution. A num ber of 
i n t e r m e d ia t e  stages of color 
can be observed (8) in waxy

Color N ota tion  from  M unsell 
Color C harts  (7)

0.10 ml. 
(2 drops)

5PB  4/12  
5PB  4 /12  
5PB  5 /10

0.50 ml. 
(10 drops)

5PB  3 /12  
5PB  3/12  
3P 4 /10

9PB  5 /8  4 P  3 /1 0

10P
5P

5/10
5 /8

to

5R P  7 /8  
10P 5 /10

5PB  4 /12

5P 5 /8

8R P  7 /8

5 R P  4/12  
4 R P  4 /10

7R P  4 /12  
10P 4/10

3 P  3 /10

4 R P  4 /10

4R  6 /10
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starch dispersions as the am ount of iodine is increased to ­
ward an excess. U nder identical conditions of tes t the waxy 
starches seem to differ in the color produced by iodine as one 
proceeds from type to type. Listed in order of decreasing red and 
increasing violet contents the starch-iodine dispersions m ay be 
arranged as follows: waxy rice, waxy corn, and waxy barley. 
To this series m ay be added in order po tato  amylopectin and corn 
amylopectin. This order coincides w ith the arrangem ent of 
Baldwin, Bear, and Bundle ( /) who have suggested th a t it  is 
also the order of increasing length of chain ends for the respective 
starch molecules.

M E T H O D

T hirty  milligrams of starch arc dispersed in 10 ml. of 1 N  
potassium hydroxide by allowing the m ixture to  stand w ith oc­
casional shaking a tO ° C .f o r l to 2  hours. For starch in  the whole- 
granule state, 20 ml. of 0.5 N  potassium hydroxide are used for 
the dispersion. The dispersion is neutralized w ith 1 N  hydro­
chloric acid to a  phenolphthalein end point and 1 drop of acid 
added in excess. The solution (pH 4 to  6) is then made up to 
100-ml. volume, giving a  starch concentration of 0.03%. By 
proceeding in this fashion, a  constant am ount of sa lt is introduced 
into each sample. Large am ounts of salt, which produce changes 
in the iodine color, are to  be avoided. To 10 ml. of the solution 
in a 16- by 150-mm. test tube is added 0.5 ml. (10 drops) of 0.01 N  
iodine solution (K I =  0.014 M )  dropwise, w ith shaking. After 
0.1 ml. (2 drops) has been added, the color of the solution is ob­
served. At this point, the presence of small amounts of amylose 
in amylopectin will be evidenced by a  blue color. The remainder 
of the 0.5 ml. of iodine is then slowly added and the color again 
observed. F urther addition of iodine is unnecessary and in some 
cases m ay vitiate the color test by superimposing the color of

free iodine on the starch-iodine color. All observations of color 
are made by transm itted  daylight or a  daylight fluorescent lam p 
and colors compared to  the standard  color chart.

S U M M A R Y

Starch-iodine color tests, to  evidence small differences between 
starches or starch  fractions and to  be comparable among different 
laboratories, m ust be performed under uniform conditions in the 
absence of a large excess of iodine. A procedure is outlined for 
the rap id  determ ination of starch-iodine colors. I t  is especially 
satisfactory for rapid estim ation of the pu rity  of amylopectin 
when contam inated w ith less than  6 to 8%  amylose.
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A  Versatile  A rc -S p a rk  Stand
J O S . W . M A C E D O  

U . S. Naval Ordnance Plant, The A m ertorp C orp., Forest Park, 111.

A N  arc-spark stand  combining the adjustm ents of the pin- 
type stand and the versatility of the Petrey stand (I ) has 

been developed which is capable of supporting heavy weights 
and does not place any strain  on the optical bar or the spectro­
graph. The size, shape, and vertical adjustm ents of the stand 
simplify nondestructive spcctrographic analyses on relatively 
massive parts. In many laboratories this stand  will broaden 
the scope of adaptability  of the spectrograph, as either the pin 
technique (using fixtures) or the flat technique (2, S) m ay be used.

DESCRIPTION

A steel plate, 30 cm. (12 inches) square and 0.5 cnf. (3/ , 6 inch) 
thick, is used as the sample-supporting table. In  the center of 
the edge of the sample plate towards the spectrograph slit a  notch 
is cut, 2.5 cm. (1 inch) wide and 2.5 cm. (1 inch) deep, similar to  
the cut-out portion of the Petrey stand. The sample lying on 
the sample plate can easily be excited from the bottom , using the 
sample as one electrode and a graplute rod as the other (2, 3). 
The notch m ust be large enough so th a t the excitation will be 
between the sample and the graphite rod and no t between the 
sample p late and graphite rod. Notches of various size m ay be 
placed on the edges of the sample plate and the correct size found 
by trial. In  this case, extra plate-holding screw holes are made 
in the top  of the plate, in order th a t the plate m ay be turned to 
bring the proper notch tow ard the spectrograph slit.

SAMPLE PLATE

C

S E C T I O N S S T E E L

OFAf/CARTA

Figure 1. M e th o d  of Insulating Sample Plate

T he sample plate is insulated from the rem ainder of the stand 
by two 1.8-cm. (0.5-inch) thick sections of m icarta (Figure 1). 
All screws which fasten the m icarta  to  the sample plate, etc., are 
offset from each other a t  least 2.5 cm. (1 inch). By tliis means 
a t  least 2.5 cm. (1 inch) of air or m icarta insulate the sample plate 
from the rem ainder of the stand. The m icarta is fastened to two

Figure 2 . A rc-Spark Stand



solid pieces of steel which lead to one side of the optical bar, 
where they are a ttached to two bars of steel with teeth on the 
outer side which ac t as a  rack for a rack and pinion motion.

A commercial-type speed reducer (15 to 1) w ith a  reducer arm 
extending from each side was purchased and placed on a heavy 
steel platform about 10 cm. (4 inches) above the base of the stand 
(Figure 2). A pinion was attached to each reducer arm  in such 
a  manner as to  contact the rack p art of the uprights. On the 
m otor extension p a rt of the speed reducer a mi carta  knob was 
attached, to control the vertical motion of the sample plate.

The base, 28.5 cm. (11.25 inches) square and 2.5 cm. (1 inch) 
thick, rests on the table which supports the spectrograph (Bausch & 
Lomb large Littrow ). Thus, the entire weight of th e  stand  and 
sample is supported with no strain  on the optical bar or the spec­
trograph.

All parts of the stand are of heavy, sturdy steel, to ensure rigid­
ity. Although the stand is heavy (35 to 40 kg.), it is not cumber­
some or bulky. I t  has supported over 50 kg. (100 pounds) with­
out bending or twisting. W ith weights of this size, however, a 
thum b-type setscrew is placed on the side to contact one of the 
movable uprights. W ith smaller samples (5 to 10 kg.) this set­
screw is not necessary, as the sample plate will remain in the po­
sition in which it  is placed by the rack and pinion movement.

This stand is so constructed th a t the center of the notch in the 
center of the edge of the sample plate towards the spectrograph 
slit is exactly on the optical axis when the stand is placed firmly 
against the optical bar (Figure 2). In  some instances, where the 
optical bar is of different design (Hilger, etc.), two slots in the 
base of the stand are advisable. Bolts can then be placed through 
these slots and through the supporting table. The stand can then 
be adjusted until it  is properly aligned and the bolts tightened to 
give the same effect as a t  the au thor’s laboratory, where the 
weight and position of the stand against the optical bar are used 
to hold the stand in proper alignment. Once the stand is in po­
sition, i t  is no longer necessary to move or adjust it, except with 
the rack and pinion motion.
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The base of the stand is grounded to eliminate slight shocks 
duo to induction from the sample plate, although the stand  is 
usually adjusted by a  gage before the sample is excited and it  is 
not necessary to touch the stand  during excitation.

Small fixtures to hold pins, etc., can easily be made to clip or 
screw onto the sample plate. Thus, the stand is used for many 
and varied types of samples, as either an upper or lower electrode 
holder as desired.

One lead from the source is a ttached  to the sample plate by a 
countersunk screw, and the other lead to the portion of the regu­
lar B. & L. arc-spark stand which is used. The source leads are 
connected through a switch to convert from arc to spark as neces­
sary. The stand  is used a t  all times (with or w ithout fixtures as 
necessary) as one pole of the source used.

The stand  described has been in use over a year and can be
recommended for various sizes, shapes, and weights of samples,
cither arc or spark. The direct current arc has been used for 
over an hour (arcing solutions with a fixture attached to  the 
stand) w ith less •than 1-minute interruptions every 5 minutes, 
w ithout undue heating of the sample p late or stand.
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Apparatus for Vacuum Distillation of V o la tile  H igh -M elting  Solids
H E N R Y  A .  G O L D S M IT H , Standard Varnish W orks, Staten Island, N . Y .

TH E  vacuum distillation of volatile high-melting solids 
necessitates laboratory apparatus of special design. In 

ordinary apparatus, the distilling solid soon clogs the narrow pass­
age between the distilling vessel and the receiving vessel, par­
ticularly in the inaccessible places underneath stoppers and in the 
interior of the receiving vessel.

Two methods are used to overcome this difficulty. The first 
consists in heating the narrow parts  to  a  tem perature above the 
solidifying point of the distilling solid. H aehn (3) accomplished 
this by a  ho t oil jacket, Steinkopf (5) by an electrically heated 
wire coil. Hauschild (4) used a  specially designed still head which 
could be flamed directly. The second method consists in using 
specially designed flasks in which inaccessible narrow passages 
between the still and the receiver are eliminated. The most im­
portant apparatus of th is type is the sword flask designed by 
Anschuetz (<?), or its variations by Baer (I), Mueneke (£?), and 
others (5, 7). Another has been described by Bolstad and D un­
bar (2).

However, none of th is equipment is readily available or avail­
able in sizes large enough to be practical for the handling of 
fairly large quantities of chemicals. A simple method was de­
vised for this purpose, utilizing standard laboratory glassware 
(Pyrex).

The apparatus consists of a  large three-necked flask (5 liters), 
and a  re to rt (0.5 or 1 liter), the neck of which has been cut off 
conveniently. The shortened neck of the re to rt is inserted into 
the center neck of the flask (see figure). The other two necks of 
the flask hold a  therm om eter and a  capillary tube. The vacuum 
connection is made through an upward-curved glass tube in­
serted into the tubulature of the retort. H eating is best carried 
out by inserting the flask deep into a suitable bath. Before 
charging, the flask should be tested for its ability to  w ithstand a 
vacuum, taking adequate precautions. (Specially hand-picked 
flasks are available from Corning Glass W orks. Caution m ust 
be used in all cases.)

The vacuum attachm ent clogged only when too much air was 
allowed to enter the apparatus through the capillary tube, and 
drops or particles of the distilland were carried up beyond the 
receiver. I t  was also found helpful to  suspend, near the end of a  
distillation, a  large test tube inside the center neck of the flask. 
This was done by means of a  hook of noncorroding wire which 
was inserted through the neck of the re to rt and anchored to the 
sharp edge inside. By suspending the test tube within the center 
neck of the flask, the path  of the distilling vapors is greatly 
shortened. Otherwise i t  would bo necessary to  overheat the con­
tents of the flask to force the distillate up to the receiver.

An apparatus like the one described is available in large sizes, 
is comparatively inexpensive, and has operated satisfactorily 
in distilling fairly large amounts of m aterial w ith only few in-
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Apparatus for Trapping Ammonia in the Kjeldahl M e th o d  for Nitrogen
T H O M A S  J. POTTS  

Ralston Purina Company, St. Louis 9 , M o .

TH E apparatus described below has been used satisfactorily in 
this laboratory for 20 years, to  seal the receiver used in catch­

ing the ammonia distillate in the determ ination of nitrogen.

Used in analytical laboratories where nitrogen or protein is 
determined as a regular routine, the trap  autom atically catches 
the ammonia in the distillation step, eliminating the necessity of

dipping the delivery tube into the standard acid. I t  offers several 
advantages: I t  docs no t require a delivery tube th a t m ust be re­
moved from the solution before turning off the heat; a  smaller 
quan tity  of solution m ay be used in the receiving flask; the ac­
tion of the trap  is autom atic; its  dependability has been proved 
by the laboratory’s record in various collaborative check samples; 
and it can be easily made by anyone experienced in working glass.

The block-tin delivery tube from the condenser and the tube 
from the trap  extend through a No. 10 rubber stopper into a  500- 
ml. wide-necked Erlenmeyer flask used as the receiver. In  oper­
ation about 2.5 cm. (1 inch) of w ater are p u t into the trap ; more 
w ater is undesirable because of the danger of siphoning i t  ou t of 
the trap  before completion of the distillation.

The apparatus will trap  any amm onia vapors th a t are driven 
through the condenser by retaining them  in solution. W hen the 
distillation is complete and the heat is turned off, the lower pres­
sure inside the system will cause the solution in the trap  to siphon 
into the receiving flask. The concentration of amm onia in the 
trap  is very low. Experience has shown th a t i t  is not necessary 
to  rinse the trap  with w ater a t  the end of the distillation.

Using the trap  and c .p . ammonium sulfate as a  standard, re­
coveries have been found quan tita tive  w ith am ounts of nitrogen 
as high as 140 mg. per determ ination. The acid used is standard­
ized according to the procedure of the Association of Official 
Agricultural Chemists ( /) .
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A q  ueous Solutions of A lcohols as Confining Liquids for Gas Analysis
K E N N E T H  A .  K O B E 1 a n d  G E O R G E  E. M A S O N  

University of Washington, Seattle, Wash.

TH E use of solutions of alcohols, particularly glycerol, as 
confining liquids for gas analysis has been mentioned in 

numerous papers since it  was first reported by  Burgess and 
Wheeler (1). Using a solution of equal parts  of glycerol and 
w ater previously saturated  w ith coal gas, they reported th a t “ the 
gases do no t dissolve in such a m ixture to  any appreciable extent, 
and its  use is more convenient than  th a t of m ercury’’. The ad­
vantage of the low freezing point of such a solution has been 
mentioned.

The authors have investigated the solubility of carbon dioxide 
in aqueous solutions of alcohols which might be satisfactory as 
confining liquids and compared these solubility da ta  w ith those 
obtained for solutions of inorganic salts previously recommended. 
Carbon dioxide was selected because i t  is the m ost soluble gas 
commonly encountered in gas analysis. A survey of the litera­
ture (4) showed th a t carbon dioxide was sufficiently soluble in 
aqueous solutions of monohydrie alcohols to preclude them  from 
further consideration.

E X P E R IM E N TA L

The apparatus and technique are those employed previously 
(2, 3). The organic compounds were of reagent quality' or were

* P resen t address, D ep artm en t of C hem ical Engineering, U n iversity  of 
Texas, A ustin , Texas.

vacuum-distilled. Dissolved gases were removed from the water 
and the compounds (except glycerol and dihydroxy diethyl ether) 
by refluxing for 20 m inutes or by vacuum  distillation. The ab­
sorption bulb and gas buret were m aintained a t  25° — 0.1° C. 
T he carbon dioxide (99.8%  purity) was sa turated  w ith w ater 
vapor from the solution by passage through a  spiral-tvpe bubbler 
m aintained a t  25 ° C. Values of the vapor pressure of the w ater in 
the solution were taken from the literatu re  or calculated from

Table I. Solubility of Carbon D io x id e  in A queous A lc o h o l 
Solutions

(T em peratu re  25° C ., p a rtia l p ressure  of CO2 760 m m .) 

C om pound Used

None 
G lycerol 
Glycerol 
G lycerol 
Sulfuric acid 
E thy lene  glycol 
E th y len e  glycol 
E th y len e  glycol 
Dioxane®
/5-/S'-Dihydroxy e thy l 

e th e rc 
T  e trahydrof urf u ry l 

alcohol®
0 M l. of COi a t  25° C. and  760 m m . dissolved per ml. of solu tion . 
b M l. of CO2 calcu lated  to  0° C. and  760 m m . d issolved per ml. of solu tion . 
c T his so lu tion  reacted  w ith m ercury.

Solution G as Solub ility  of
C oncen tration U sed A bsorbed CO,

m .  % M l. M l. M t.a a t
0 .0 24 .99 20 .57 0.823 0 .754

4 0 .0 50 .90 29 .62 0.592 0.542
5 0 .0 50 .00 25 .55 0 .512 0 .468
5 0 .0 50 .00 2 3 .10 0.462 0.423

5 .0 ■
6 0 .0 49.99 31 .36 0 .627 0 .574
4 0 .0 50 .00 3 2 .6S 0.654 0.599
20 .0 50 .00 36.31 0 .726 0.666
6 0 .0 5 0 .00 76 .13 1.523 1.395
60 .0 24 .99 15.80 0.633 0 .579

7 5 .0 50 .00 55 .66 1.113 1.020
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R noult’s law. The total pressure maintained in the apparatus 
was 760 mm. of carbon dioxide plus the vapor pressure of the 
solution a t  25° C.

The solubility da ta  are given as milliliters of carbon dioxide 
a t  760 mm. and 25° C. dissolved in 1 ml. of solution. From this 
is calculated the Bunsen coefficient, a, which is the milliliters of 
carbon dioxide, calculated to 760 mm. and 0° C., dissolved in 1 ml. 
of solution (4). Although the precision of the results is 0.002, it 
can be considered th a t the accuracy of a  is 0.005. The da ta  are 
given in Table I.

DISCUSSION

T he Bunsen coefficient for an acidified 50% glycerol solution 
(0.423) is almost twice th a t found for the 20%  sodium sulfate plus 
6%  sulfuric acid solution (0.247) previously recommended (#, 5). 
Although sodium sulfate decahydrate will crystallize from the

Electronic Timer
J O H N  K E E N A N  T A Y L O R  a n d  JO S E P H  G IL M A N  REID , Jr . 

National Bureau of Standards, 

W ashinston, D . C.

acidified sodium sulfate solution below 16 °C ., this solution will 
continue to  dissolve less gas than  the acidified glycerol solution. 
Only a t  tem peratures below the cryohydric point would the 
acidified glycerol solution have advantages. The cryohydric 
tem perature of saturated aqueous sodium sulfate solution is 
— 1.10°and of sodium chlorideis —21.1°C . An acidified aqueous 
solution of sodium chloride is recommended for use a t  tem pera­
tures to - 2 0 ° C. ( —4 °F .) .
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T hibd  p aper in  series; for Nos. 1 and  2 see (¡8, S).

RE C E N T  work in the physical chemistry' laboratory of this 
bureau involved the use of a  solenoid-operated, enclosed 

glass pump. The electronic timing device described by Bech- 
told ( /)  appeared particularly well suited for controlling this 
solenoid because of its simplicity, ease of construction, and read­
ily controllable pulse rate. However, this timer proved un­
satisfactory in operation since, under the conditions which ob­
tained, the gas-filled triode (885) had an average service life of 
only about 12 hours. N o current-lim iting element was included 
in the triode plate circuit. Thus, the charging surge supplied to 
capacitor Ci (Bechtold’s designation) was, upon breakdown of 
the triode, in excess of the rated  peak current for the tube. This 
overload caused the tube to  fail prem aturely. Insertion of re-

A C

Fisure 1. Circuit for Electronic Timer

C i, 3 paper condensers, 400  wv, 2 sifd. each; C i, 250 wv. electrolytic condenser, 8 pfd./ Cs, paper condenser, 
45 0  wv., 1 pfd./ R \, 1-megohm potentiometer, N o . 6 taper; Rz, 50 ,000  9 , 1 -watt carbon; R i,R i, 10,000 9 ,1 -watt 
carbon; R i ,  1 -megohm, 1 -watt carbon; Re, 1 50 9  5-watt wire-wound; R j,  100 9 ,  2-ampere rheostat; 7", 6.3-volt 
3-ampere filament transformer; R e , double-pole, double-throw relay, 2000 9  coll; F , 2 .0-ampere fuse; S , 
double-pole, single-throw toggle switch; 2050 , R C A  type 2050 gas-filled tetrode; P i, Pi relay contact points

sistance to lim it the peak current to the specified maximum (300 
milliamperes) resulted in feeble actuation of the relay. Satis­
factory operation required the use of a more sensitive relay, or 
of a  tube having a higher peak current rating.

In  the improved circuit given in Figure 1 the type 885 tube has 
been replaced by a  type 2050 gas-filled tetrode and a  current- 
limiting resistor has been inserted. This resistor, R e, has a value 
of about 170 ohms and limits the charging surge of Ci to less than 
the rated  maximum (1 ampere) of the 2050 tube. Resistor Ri  
has been added to  lim it grid current and rheostat R 7 to reduce 
arcing of the relay contacts on an inductive load, such as a direct 
current solenoid.

T he modified circuit has proved highly satisfactory as evi­
denced by over 200 hours of 
operation, including con­
tinuous periods of as long 
as 60 hours, w ith no evi­
dence of tube failure. Its  
read ily  ad ju s tab le  pulse 
rate, obtained by manipula­
tion of potentiom eter R t 
and the adjustability  of 
the range of rates depend­
ing upon the values of R,, 
Ri, and Ci, make it applica­
ble to a wide variety  of tim ­
ing operations.

A C K N O W L E D G M E N T

Suggestions made by P. 
J . F ranklin  in connection 
with the design of this 
circuit are gratefully ac­
knowledged.
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Gage for Preparation of Laboratory Solutions

TH E  use of a 1- or 2-litcr volumetric flask 
for making large quantities of standard 

solutions up to  19 liters (5 gallons) is some­
what tedious and time-consuming. While elear- 
glass bottles can he calibrated by placing a 
m ark a t the desired point, this method cannot 
be used for opaque bottles and has the additional 
disadvantage th a t the bottle m ust be level.

A bottle gage embodying the float principle 
is presented in the diagram and furnishes a 
simple, rapid, and accurate method for making 
up solutions in large bottles.

The gage consists of a  hollow bulb on the 
end of a  stem, together with a guide and sup­
port for the stem. The bulb m ust be of such 
size and shape th a t it will pass through the 
mouths and necks of all bottles to  be used and 
a t  the same time float in distilled water. The 
stem support m ust have enough clearance be­
tween it  and the guide tube to accommodate all 
bottles.

The gage for 2-, 3-, and 5-gallon bottles 
used in this laboratory has the following 
dimensions:

Bulb. Length, 5.5 cm.; greatest width, 2.3 
cm.; volume displacement, 14.0 cc.

Stem. Length, 32.0 cm.; diameter, 0.5 cm.
Stem Guide. Length, 9.0 cm.; inside diam ­

eter, 0.6 cm.
Support. Clearance between support and guide, 1.5 cm.
The gage is calibrated by measuring the desired quantitv  of

distilled w ater into a  bottle of suitable size, 
placing the gage in position, and making a 
m ark on the stem  even w ith the top of the guide 
tube. This process is repeated for other 
quan tities-and  bottles as desired. However, 
the calibrations for bottles of any  given size 
m ay be used, for all bottles of the same size, 
provided th a t they are of approxim ately the 
same diam eter and height.

In  general, to m ake up a  chemical solution 
the calculated am ount of chemical or chemicals 
is pu t in  the em pty bottle, the gage is placed 
in position, and distilled w ater is added to the 
proper m ark. The solution is mixed well and 
then  standardized, adjustm ents being made 
when necessary.

Since the gage operates near the center of the 
solution with respect to  the circumference of 
the bottle, its accuracy is not affected if the 
bottle is not exactly level. The slight differ­
ence between the speeifje gravity  of the un­
mixed solution and th a t of distilled w ater does 
not m aterially affect its accuracy.

A suitable holder for the gage is m ade by 
placing a  small piece of cotton in a  500-cc. 

^ BILB graduate.

A C K N O W L E D G M E N T

The author is indebted to J. IT. Jordan for making the gage 
as well as for suggestions concerning details.

O . R. M IT C H E L L

Technical Department, Refinins Division, M agnolia Petroleum Company, Beaumont, Texas
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D i- and Triethylene G lycols as M anostat Fluids

W . J. R U N C K E L a n d  D . M .  O L D R O Y D  

Naval Stores Research Division, Bureau of Agricultural and Industrial Chemistry, United States Department of A gricu lture, N e w  Orleans, La.

DEVICES for autom atically controlling reduced pressure 
have numerous laboratory applications. In  carrying out 

exacting laboratory vacuum distillations involving use of high- 
effieiency fractionating columns of 100 theoretical plates or more 
and operating a t  high reflux ratios (100 to  1), it  is essential th a t 
the column pressure be controlled closely. Even minor fluctua­
tions in pressure will cause serious disturbance of the equilibrium 
between liquid and vapor carefully established along the entire 
length of the column. Since such precise fractionations m ay ex­
tend over periods of a m onth or even more, the pressure control 
should not only be very precise bu t also provide trouble-free 
operations.

In  the laboratory of the N aval Stores Research Division various 
terpene hydrocarbons are commonly distilled a t  a pressure of 
20 mm. of mercury'. A Palkin-type oil gage (4) which can be 
easily read to  0.5 mm. of oil (and, therefore, to approximately 
0.03 mm. of mercury) is used, and column pressure is m aintained 
at 293.0 mm. of oil (corresponding to  20.0 mm. of mercury) to 
approxim ately this precision. Five columns are operated from a 
single “column line“ manifold controlled by  a triethylene glycol 
m anostat, and individual distillations have been continued for as 
long as 5 weeks. The same m anostat has been in  use for over a 
year w ithout replacement and w ithout requiring any attention  
o ther than  resetting.

A dual system of pressure control involving an  autom atically 
controlled gas leak from the higher pressure column line to the 
lower pressure vacuum pump line is used. The low pressure 
pump line is m aintained a t  approxim ately 10 mm. of mercury by

means of a vacuum  pum p controlled by an ordinary mercury 
m anostat. The pum p operates only a t infrequent intervals. 
Fine control of pressure in  the column line is achieved by use of 
the triethylene glycol H ershberg-H untress-type (2) m anostat, an 
electronic relay (Cenco-Gilson electronic relay obtainable from 
the Central Scientific Co., Chicago, 111., Catalog No. 99,780), and 
a solenoid-operated b reather valve (M odel K-20-1 obtainable 
from the General Controls Co., Glendale, Calif.). Surges are 
minimized by adequate ballast and by insertion of a  15-cm. (6- 
inch) length of capillary tubing in  the breather line. In  practice 
there is no perceptible fluctuation of the level of th e  oil gage when 
the solenoid opens or closes, although slight m otion of the mano­
s ta t fluid is perceptible. T he frequency of the audible clicking 
of the solenoid valve as i t  opens and closes provides a  good guide 
to the presence of leaks in the system.

According to  Hershberg and H untress (8), a  desirable mano­
s ta t fluid is a “ liquid which will combine electrical conductivity, 
low density, low' vapor pressure, and reasonable viscosity with 
the p roperty  of w etting the m anostat wall” . These investigators 
recommended sulfuric acid of specific gravity  1.71 as a m anostat 
fluid to control a thermionic relay. Acid of this concentration, 
although superior to ordinary concentrated sulfuric acid, is no t 
entirely satisfactory, as it  is corrosive and hygroscopic and easily 
becomes fouled w ith grease from the stopcocks. In  addition, 
some electrolysis occurs and the electrodes become pitted.

T he Cenco-Gilson electronic relay, which is reported to  oper­
a te  on as little  as 0.5 microampere, perm its the use of a practically
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Table I. Comparative Properties of Manostat Fluids

Substance

M ercury 
80%  IlrSO.

75%  IIîSO*

D iethylene glycol

Specific G rav ity  Viscosity
a t  20° C.

13.55 (S) 
1.7272 (3)

1.6692 (S)

1.1184 (3)

a t  20° C. 
Cetitipoises
1.547 (S) 
20 .3  (3)
(a t 25° C.) 
14 .0  (3)
(a t 25° C.) 
3 5 .7  (1)

Boiling P o in t Vapor P ressure 
a t  7G0 M m . a t  25° C.

M m .

Tricthyleno glycol 1.1254 (1) 4 7 .8  (7)

° C.
357 .9  (3) 
202 (3)

182 (3)

244 .8  (7)

287 .3  (7)

0 .0018  (3) 
0 .124  (3)

0 .408  (3)

0 .1  (7)
(0 .1  a t 45° C.) 
0.01 (7)
(0 .1  a t  80° C.)

nonconducting m anostat fluid, therefore m aterially enlarging 
the field from which a  suitable fluid m ay be selected. Both di­
ethylene glycol and triethylene glycol, which are readily available

commercially, have been found superior to sulfuric acid for use as 
m anostat fluids. Both these glycols have sufficient electrical 
conductivity to operate the Cenco-Gilson electronic relay, but 
when they arc used w ith the thermionic relay suggested by Hersh- 
bcrg and H untress, a drop of concentrated sulfuric acid m ust be 
added to provide sufficient conductivity.

The significant properties of the substances discussed above as 
possible m anostat fluids arc compared in Table I.
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A  Rapid-Filling Capillary Polarimeter Tube
D A N IE L  S M IT H  A N D  S H IR LE Y  A .  E H R H A R D T  

Research Laboratories of Interchemical Corporation, N ew  York 19 , N . Y .

IN T H E  course of an extended study of the optical rotations of 
several scarce m aterials, the limited quantities of sample 

available necessitated the use of capillary polarim eter. tubes. 
The ordinary polarim eter tubes which are generally used in 
sugar analysis (I) and are readily available have an inside diam­
eter of about 9 mm. W ith a tube of this bore, it  would have 
been necessary either to  reduce the length to a few millimeters or 
to use extremely dilute solutions. Since the rotation is a  func­
tion of the length of tube and concentration of the solution, 
neither alternative was feasible. Compared w ith the usual 9-mm. 
diam eter tube, the 2-mm. bore tube employed by the authors re­
quires only 5%  of the solution volume for an equal tube length.

M any investigators have employed capillary tubes such as the 
Fischer m icrotube (2) the N aum ann tube (3) or various modifica­
tions of them . The filling of small-bore tubes of these types 
presents definite difficulties. I t  is impossible to  pour the liquid 
into the vertically held tube while one of the cover glasses is 
fastened to  the lower end. If  any air bubbles are trapped in the 
course of the filling, it  is generally necessary to  empty the entire 
sample before attem pting to refill free of air bubbles.

This difficulty is usually overcome by introducing the solution 
from a long thin dropper which will extend to  the bottom of the 
capillary (3). W ithdrawing the dropper as the liquid enters the 
tube perm its filling w ith a fair degree of success. However, the 
fragility of the long dropper and the ever-present danger of losing 
the sample if the dropper is broken are disadvantages.

The “halo” caused by light scattered from the inside walls of 
small-bore tubes makes it  difficult to  obtain a well-defined balance 
of the photom etric field. N aum ann (3) overcomes this difficulty 
by employing black glass capillary tubes with etched inside walls, 
bu t adm its th a t proper cleaning of the etched tube is a problem 
in itself.

The authors have reduced this halo effect to a  minimum by 
limiting the field of the polarimeter. When a diaphragm is 
mounted in the threaded end cap of the tube nearest the analyzer, 
w ith its hole diam eter so selected th a t it  subtends a  smaller angle 
to the observer than  does the end of the capillary bore nearest 
the polarizer, the halo is eliminated a t the expense of a small re­
duction in the diam eter of the photom etric field.

In  order to  obtain satisfactory tubes for their investigation, 
the authors have devised a new type of capillary tube by the 
simple expedient of introducing into an ordinary straight-bore, 
100-mm. polarim eter tube a piece of capillary whose outside

diam eter makes a  ra ther snug sliding fit (about 0.01-mm. clear­
ance) in the inside of the regular tube. These sections of cap ­
illary are optically polished on both ends. Their to ta l length is 
made approximately 0.5 mm. shorter than  th a t of the regular 
tube, so th a t the original tube length still rem ains effective when 
rotation measurements are made.

While using these assembled capillary tubes it  became apparent 
th a t they can be filled easily, rapidly, and safely by putting  the 
necessary am ount of solution into the large tube and then slowly 
lowering the capillary into it. The lowering of the capillary 
displaces the solution, which rises into the bore completely free 
of bubbles. The solution also rises in the annular space between 
the tube and the capillary, bu t this does no t interfere, nor does 
it use much of the solution. For a tube of the dimensions sta ted , 
the annular volume is about 0.015 ml.

If th e  solution does no t come all the way to  the top, when the 
capillary is lowered in the tube, a small am ount m ay easily be 
added from a short dropper.

In  m any laboratories i t  is necessary to  have a large num ber of 
polarim eter tubes of different bore size to  accommodate the 
various quantities of solutions to  be measured on the polarimeter. 
By means of a  series of different-size capillaries which m ay be 
readily constructed, a  single observation tube m ay bo quickly 
converted into a  capillary tube of the proper bore. W ater- 
jacketed tubes w ithout tubulatures may bo similarly converted 
to  capillary tubes, bearing in mind, of course, th a t the tim e re ­
quired for attaining tem perature equilibrium will be greatly  in ­
creased because of the increased thickness of tube wall.

S U M M A R Y

Polarimetric measurements on small am ounts of the sample 
require the use of capillary tubes. As a result of optical rotation 
studies on several small samples, a  rapid-filling capillary polarim­
eter tube has been developed. For small volumes of solutions, 
this tube gives the maximum tube length which is concomitant 
w ith a sufficiently large field to perm it photom etric matching.
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Electrolyte Solution Heating Element for Steam M icrobath
A L E X A N D E R  P. M A R IO N ,  Q ueens College, Flushing, N . Y .

A  SIM PLE, rapid, and efficient heating device particularly 
adapted for use as an electrically operated steam b a th  can 

be constructed by immersing two wire electrodes in a  solution of 
an  electrolyte of proper concentration. T he apparatus (Figure 1) 
has an autom atic cutoff feature and requires no external trans­
former or resistance control.

The apparatus is a vessel of about 200-ml. capacity covered by 
a metal w ater bath adapter through which the electrodes pass. 
The electrodes are two pieces of No. 12 copper wire bared for a 
length of 4 cm. and insulated from the adapter by Lucite bushings. 
The wires fit snugly into holes drilled through the Lucite. One 
of the bushings is cut to  perm it the electrode to  be partially 
raised out of the solution, thereby altering the effective size 
of the electrode. Two parallel grooves, each the thickness of the 
m etal plate and 1 cm. apart, are cut in a 2.5-cm. length of 0.94- 
cm. (0.375-inch) diam eter Lucite rod. The section below the 
upperm ost groove is then filed to  have two parallel flat faces, the 
m aterial down to  the depth of the groove being removed. The 
opening in the m etal plate is made by drilling a  hole and filing 
until the lower end of this bushing will pass through. Then by 
raising the bushing to  the level of the lower groove and rotating 
it  90° the area of the electrode is reduced, thereby decreasing 
rate  of heating.

A 1% copper sulfate solution proved satisfactory as the elec­
trolyte. Some idea of the tim e to reach the boiling point m ay be 
useful: 100 ml. of solution produced steam in less than  1.5 min­
utes after the un it was plugged into the commercial power lines.

The autom atic cutoff is obtained by suspending the electrodes

nti

t c m .
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Figure 1. Details of Apparatus, Including Side 
V ie w  of Special Bushing

so th a t they do no t touch the bottom  of the vessel. T hen as the 
level of the solution drops below the lower edge of the electrodes 
the circuit is broken. As the electrolyte rem ains in the residue, 
the addition of w ater will recharge the apparatus.

Semimicro Ion-Exchange Column
N O R M A N  A P P L E Z W E IG  

A m erican H om e Products Corporation, Products D evelopm ent Laboratory, 2 5 4  W est 31st St., N e w  Y ork, N . Y .

IN R E C E N T  months the w riter has had an opportunity  to 
study the ion-exchange adsorption of a large num ber of organic 

compounds. In  order to  obtain basic facts as to  adsorption 
capacity of exchangers and recove'ry data  i t  was found expedient 
to  use small quantities of exchange 
m aterials.

The ion-exchange columns recom­
mended by investigators in the water- 
conditioning field (1-4) were found to 
be oversized (200- to  1000-ml. exchanger 
beds) and cumbersome to operate. A 
need was felt for a  column which would 
hold from 5 to 20 ml. of exchanger and 
could easily be assembled, backwashed, 
or connected in series w ith another 
column.

Such an  apparatus was constructed 
by using a  9-mm. standard  Kimble con­
denser tube measuring 42.5 cm. long 
when the beveled end had been cut off.
A plug of glass wool was inserted a t  the 
bottom  and a three-way stopcock was 
attached  by means of a  rubber stopper.

A complete assembly of two columns 
is shown in Figure 1. The solution to 
be run enters C1 by m eans of a  funnel 
and constant-head device. A fter flow­
ing through the exchange bed in the 
first column it  passes to  the second by 
means of a tube leading from B 1 to  C*.
Samples from th e  first column may be 
taken a t  any tim e through A x by turning 
the stopcock.

T he effluent passes out of the second column through A 2 and 
its flow ra te  m ay be adjusted by means of the stopcock.

The columns may be backwashed by attach ing  a  tube from a 
raised w ater bottle to  B 2 as illustrated or to  A 1 for the first 
column and providing an overflow tube.

Even a t  m oderately rapid  backwash 
rates the exchangers rem ained sus­
pended in  the wide p a rt of the tube a t  
ClC2 and showed no tendency to  be 
spilled over. N o trouble was caused 
by entrapped air, as is usual in  larger 
columns. Flow ra tes could be adjusted 
w ith fair accuracy over a wide range. 
W here necessary, the tube m ay be cali­
b rated  to  study bed volume changes.

T his apparatus has been found use­
ful in studies on the ion-exchange ad­
sorption and recovery of alkaloids, amino 
acids, and o ther organic compounds.
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This ty p e  burner 
u s e d  i n  l a m p  
shops of Corning 
G la ss  W orks.

Since our advance announcement of the Univer­
sal Silent Gas Burner several months ago, the  
demand fo r it  has steadily increased. Profes­
sional shops have found it  to be the most ve r­
satile and efficient burner made fo r working  
"Pyrex” brand, and other heat resistant glasses.

SILENT— Throughout the entire range of flame 
characteristics with almost all types of gases, this 
burner is silent in operation. Increased efficiency of 
operators is the obvious and important advantage of 
silent operation.

UNIVERSAL APPLICATION— The Sargent Uni­
versal Silent Gas Burner can be used with natural, 
mixed, artificial, and acetylene gas. It is designed to 
produce a wide range of flame and temperature con­
ditions. W ith normal pressures, the burner will pro­
duce a flame ranging from a fine needle point to a 
large brush shape, measuring 12 to 20 inches in 
length and about 2 inches in diameter. The tem­
perature range varies from a smokey, annealing heat 
to a temperature that will readily fuse quartz.

NO SPECIAL NOZZLES REQUIRED— The spe­
cially designed multiple tip arrangement will pro­
duce any type of flame. N o interchangeable orifices 
or extension sleeves are necessary.

This specially designed multiple tip combines jet 
and surface combustion. It can be used under either 
low or high pressure conditions. The center or tip 
fire provides a pre-mix of gas and oxygen and the 
outer series of metal tubes or tube fires provides 
surface combustion.

GAS TIGHT YALYES— The four delivery con­
trol valves are absolutely gas tight. This feature 
considerably improves the efficiency of the burner 
as well as protecting the health of the operator. The 
valve handles are insulated for safe and easy 
manipulation.

The rugged burner body is mounted on a heavy base to  
which is attached a universal ball jo in t perm itting both 
la te ra l and v ertica l adjustments.

NO. S-12370 BURNER— SARGENT UNIVERSAL SILENT, 
prices on application.

E. H. SARGENT & COMPANY, 155-165 E. Superior St., Chicago 11, Illinois
Michigan Division: 1959 East Jefferson, Detroit, Mich.

S C  I E N T. I F I  C  L A B O R A T O R  Y  S U  P P  L I  E S
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. . . using 
Karl Fischer

Reagent

tions are made in a few  
MINUTES using the 
WACO. The Karl
Fischer Reagent method 
is a CHEMICAL technic 
for the determination of 
water con tent. . . elimi­
nating oven drying!

War proven . . .  in 
chemical, food and am­
munition plant labora­
tories . . .  for on-the- 
spot, speedy control of 
water content and de­
termination of organic 
compounds. Applica­
tion of the method to a 
great variety of products is possible.

The WACO Titrator is flexible and compact, de­
signed by men experienced in the work. The 
electrical circuit, by Dr. William Lea, State of 
W isconsin Industrial Hygiene Laboratory, elimi­
nates electronic amplification and source of power 
is a simple 1 y 2 volt dry battery! The WACO  
Dead Stop End Point Titrator was built for the 
Industrial laboratory, for fast determination of 
water in chem ical compounds and foods.

The W ACO shows a sharp and reproducible end  
point . . . the needle of the microammeter sweeps 
across the entire scale. Technic is simple and 
electronic amplification is not necessary. It is a 
sturdy equipment embodying flexibility for use 
with many materials.

W r its  for bibliography and Bulletin 1 E 1 ,  giving full details.

The only labora­
tory stirrer com­
bining positive 
gear drive with 
built-in electric 
governor, in­
stead of a rheo­
stat, for speed 
control without 
loss of power 
at low speeds. .

Increased Torque at Low Speeds • Electric G overnor for 
Speed Control • Built-in Reduction Gears, No Slippage • 
Speed Unaffected by Voltage Fluctuation* • Powerful, Con- 
tinuous-Duty Motor Rated 1/15 H. P., U nderwriters' Approved • 
Sturdy Motor W ith Plus Features • Utmost Mounting Flexibility.

No. 1-38353 (above). "Vari-Speed" S tirrer. O n  m etal ba io  with 5 M '  dIn- 
rubber disc to prevent eliding oi glassware. Rubber feet prevent m arring of table 
tops. Stirrer height adjustable to p lace  chuck 5 ) 4 '  to 1 0 ) 4 '  from base. Dis­
tance betw een mounting rod and stirrer rod 4*. Includes ¡4 x sfc s% A  A A

chuck, glass stirring rod 6 '  long, cord D  t l
A. C. or D. C ........................................  ™  ------

No. J-38351 (left) "V ari-Speed" Stirrer. O n  sem i-circular 
cast iron support stand, with )4 '  * 2 4 ' nickel plated rod 
and 90° support clamp. Radius of base 6 )4 '.  Includes 

* 6 ) '( ' mounting rod, V i '  chuck, glass .  A f t
stirring rod 6 '  long, cord and p lug. For 115 UU
Volts. A. C. or D. C ........................................  ^  ------

No. J-38356 (right) “Vari-Speed" Stirrer, less base. W ith 
mounting rod 3 4 ' r  6 )4 ';  V i '  chuck; glass stirTing rod 
6 '  long, and 6 ft. rubber covered cord 
with plug. For 115 Volts. A. C.
D. C ...................................................................

ORDER

ARTHUR S.

for End o f January.

COMPANY

109  W. Hubbard St.,

DEAD STOP 
END POIN 
T I T R A T O R

ß o c J z  A o G u U t !

V A R I - S P E E D
For Moisture Deter­
minations in Minutes

MOISTURE determina-

. lUIIiKEnS-RNDERSOH CO.
F 111 NORTH CANAL STREET * CHICAGO 6 , ILLINOIS



Coors Po rcela in  C o m p a n y
GOLDEN. COLORADO

The Bantam 
Demineralizer
A NEW WAY TO PURIFY WATER

T h e  B a rn s te a d  B a n ta m  D em in era lise r  is  th e  s im ­
p le s t,  q u ic k e s t, m e th o d  o f  p ro d u c in g  h ig h - te s t  d e ­
io n ized  w a te r  a t  a  flow r a te  o f  fro m  5 to  15 g a llo n s  
p e r  h o u r .  T o  u se , m e re ly  tu r n  o n  w a te r  su p p ly — 
th e  B a n ta m  o p e ra te s  w ith o u t  h e a t  o f  a n y  k in d .

NO REGENERATION NECESSARY!
T h is  D em in era lise r  is s u i ta b le  fo r th e  sm a ll la b o ra ­
to ry  b e c a u se  i t  does n o t  re q u ire  r e g e n e ra tio n . T h e  
c a tio n  an d  a n io n  re s in s  a re  c o n ta in e d  in  a c o n v e n ie n t 
ren ew ab le  c a r tr id g e . W h en  th e  c a r tr id g e  is ex­
h a u s te d , i t  is  m e re ly  d isc a rd e d  a n d  a new  c a r tr id g e  
in s e r te d . T h e re  is  n o  n eed  to  b o th e r  w ith  ac id  a n d  
a lk a li r é g é n é ra n t so lu tio n s  o r  o th e r  re g e n e ra tin g  
o p e ra tio n s . I n d ic a to r  l ig h t  show s w h en  to  rep lace  
c a r tr id g e . O p e ra tin g  w ith  raw  w a te r  o f  50 p .p .m . 
to ta l  so lid s , o n e  c a r tr id g e  w ill p u rify  a b o u t  200 
g a llo n s  o f  w a te r . T h e  B a n ta m  c a r tr id g e  is ex trem ely  
e ff ic ien t in  rem o v in g  io n izab le  im p u r i t ie s  to  p ro d u ce  
m in e ra l  fre e  w a te r  o f  low  c o n d u c tiv ity .

E lim in a te s  p ro b le m  o f  w a te r  s to ra g e , s in ce  th e  d e ­
m in e ra liz e d  w a te r  c a n  b e  d ra w n  d ire c tly  fro m  th e  
B a n ta m  a s  n eed ed . EACH $90.00
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„¡cat Model tor *1* 15
• t 0 b « n d  S e m l - M l e r o
X t Tor six Wb... Vi 

5 m \*  . _ ,  f u l l y  e n “
(jsed; fh q je rs  can n o t g o t

“e a . i l «  HOCI r .P .m . 1«
•n ly  10  s,c C<! j  b ru sh les» / l N o . 1 9 2 5 /1  C e n tric o n e  A n g le — 
o i ly  c n  * * « r  re q u ire s  I H e a d  C e n tr ifu g e / C lin ica l M o d -  
n d u ctio n  rn \ e | # W ith six 15 m l. tube holders.

► l u b r i c a t i ^ ^ ^ ^ ^ ^ ^ p Qr f ^5 voltS/ 60 cycles, A.C. only.

Price w ithout glass tubes.. $ 3 2 . 5 0

N o . 1 9 2 5 /2  C e n tric o n e  A n g le -H e a d  C e n tr ifu g e , M ic ro  a n d  S e m i-  
M ic ro  M o d e l. W ith  six tapered tube holders; four types ava ilab le  for 
( l ) “*/2 m l. tapered, 1 ml. tapered, and 2 ml. tapered tu b e s /(2 )-% x 3 " ,  
and 3 m l. tapered tubes; (3 )-V izx2W /,  and V2x3" tubes; (4 )-V2x4 " , and 
5  m l. tapered tubes. Specify tube holders in pairs; one, tw o or three 
pairs o f any one size may be used. For 115 volts, 60 cycles, A .C. only.
Price, w ithout glass tubes    - .$ 2 8 . 5 0

SC H A A R  & C O M PA N Y
C o m p l e t e  L a b o r a t o r y  E q u i p m e n t  

748 W. LEXINGTON STREET CHICAGO 7 Of! i i s '  / ^ / 7 V i A  / Tpp srr srii t is / / r

G L A S S  B L O W IN G L A B O R A T O R Y  S U P P L I E S # BLOOMFIELD 
NEW JERSEY
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Efficient, dependable, advanced in design . . . these 
superb furnaces are  an asset to any " la b ” or shop. 
Accurate, dependable temperature control plus every 
practical provision for operator ease and safety makes 
them favorites everywhere.

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

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

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

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

The Lindberg Hot Plate fo r controlled " la b ” and shop 
heating up to 9 5 0 °  F. Built-in Input Control assures fast, 
accurate temperature regulation.

Your laboratory equipment deale r has these furnaces 
ava ilab le  now. He'll be g lad to give you prices and full 
information. See him today.

L I N D B E R G  E N G I N E E R I N G  C O M P A N Y
2 4 5 0  WEST H U B B A R D  STREET • C H IC A G O  12 , ILL IN O IS

fN D B E R G

DO E V E R Y TH IN G  BUT T H IN K

WELL K N O W N  T H R O U G H O U T  TH E W O R L D  A S  
LE A D E R S IN  D E V E L O P IN G  A N D  M A N U F A C T U R IN G  

IN D U S T R IA L  H E A T T R E A T IN G  E Q U IP M E N T
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In s t r u m e n t a t i o n  is on the threshold of a new era and the 
problems of analytical chemistry afford one of its most fertile 

fields of application. W artim e production dem ands produced 
some impressive developm ents in analysis and control, b u t it 
seems more likely th a t radical changes will result from the tech­
nical revelations of the two m ajor war projects—radar and 
atomic energy. M .I.T . has publicly announced the preparation 
of twenty-five volumes 0 1 1  the technical history of radar by its 
Radiation Laboratory staff. This work has been under way since 
late summer. I t  is safe to  predict th a t 10% of this material, 
dealing w ith circuitry, will find wide application in m any branches 
of science. M ost of i t  renders prewar electronics obsolete. The 
revelations of the Sm yth report on Atomic Energy for M ilitary 
Purposes sta te  or imply extensive developments in instrum enta­
tion. Specifically, production a t the H anford p lan t was largely 
autom atic and required m anipulation a t  considerable distances, 
to m eet the radiation hazards. The release of these details is less 
certain, and most likely will have to  aw ait m ilitary, legislative, 
and international deliberation. I t  is generally agreed in Chicago, 
Oak Ridge, Hanford, and Los Alamos th a t the im mediate bene­
fits will appear in the general availability of radioactive materials 
for research. I t  is very unlikely th a t applications in the field of 
analysis will be confined to  the fam iliar “ tracer” techniques. 
The nuclear physicists have made, incidentally and of necessity, 
great strides in the construction and use of Geiger-Mvller count­
ers, scaling and recording circuits, and related techniques. 
Analysts for some tim e have been feeling their way w ith these 
devices in spectroscopy' and x-rays.

I t  is a commonplace to  note th a t war produces great technical 
advances but, in general, impoverishes and depletes our store of 
fundamental knowledge. We are doubly' discouraged when we 
recall th a t “incubation period” which has so strangely' affected 
analytical chemistry. Among the well-established methods and 
techniques such as emission spectroscopy, infrared, mass spec­
trom etry, polarography, x-rays, electrode potentials, electron 
diffraction, electronics, it  is easy to  show th a t intervals of from 
10 to  50 years or more have elapsed between their discovery or 
development and their widespread use in industry. There may 
be some acceleration in recent years, b u t we hesitate to  compute 
second derivatives. I t  m ust be adm itted  th a t a  tim e delay fac­
tor m ust still be added to  any' fundam ental work which we are 
now in a position to  resume.

decent PulUicctienl
Speaking of fundam entals, we have read and reread J. J. Lin- 

gane’s paper in the November, 1945, J .A .C.S .  on -coulomctric 
analysis. Shades of M ichael Faraday—and a century of incuba­
tion! Although others have entertained the enticing notion of 
measuring electrodeposition in term s of the to ta l charge trans­
ported, and achieved limited success, Lingane is providing the 
basic information and techniques for the practical realization of 
quantitative separations and determ inations. H is paper in­
cludes an interesting and necessary digression on the precision 
of the oxygen-hydrogen coulometer. Two factors contributing 
to the success of this method are the autom atic maintenance of 
constant potential during the electrolysis and th e  use of the 
mercury cathode. (The device for potential control was de­
scribed in theM ay, 1945, issue of the A n a l y t i c a l  E d i t i o n . )  These 
present intriguing possibilities for instrum ental developments, 
bu t the au thor is properly concerned w ith fundam ental inquiry, 
for w ithout it  elaboration in technique would be prem ature and 
ill advised.

Some tim e ago we were prom pted to  rem ark, “W hen a survey 
of m odem  analytical chemistry requires the description of in­
strum ents ranging from hydrom eters to  cyclotrons and it  can be 
-shown th a t these devices are all em inently practical and paying 
their way, one instinctively wonders how the modern analyst 
is to  be appraised. I t  is evident from the contem porary scene 
that his former slogan, ‘dry-ignite and weigh’, no longer carries 
him through th e  day’s work. He m ust become fam iliar w ith a 
bewildering array' of techniques and a t least m oderately ac-

Ralph H . M U IIe t

quainted w ith the dialect of th e  physicist and engineer.” We 
have had ample evidence recently th a t industry is seriously, 
though belatedly, concerned about this situation, particularly 
with the dearth  of adequately tra ined  personnel. T o the best of 
our knowledge there is nothing to  indicate th a t the situation  has 
passed the “ ho-hum” stage in adm inistrative academic circles.

We note the launching of another b u t welcome offensive, by- 
progressive young physicists, who have discovered th a t chemis­
try  is one of the exact sciences and th a t analysis has m any uses 
for their special talents, I t  is increasingly evident th a t th e  jour­
nals of the  American In s titu te  of Physics are becoming required 
reading for the analyst. Three preprints have become available 
to  th is column which should be of in terest to  our readers. Since 
they  are destined for publication elsewhere, it  will be necessary 
to lim it discussion to  their main purpose. F . G. Brockman and 
C. H . Schlesman of the N orth  American Philips Co. and Socony- 
Vacuum Oil Co., respectively, presented a paper before the 
Optical Society of America in October, dealing w ith their re­
searches on an “A lternating C urrent Bolometer for Infrared 
Spectroscopy” . One of the lim itations of older recording infra­
red spectrometers was th e  necessity of photographically recording 
galvanom eter deflections. The A.C. bolometer represents one 
means for obtaining the record w ith commercially available re­
corders. T he authors describe an arrangem ent in which a twin 
filament nickel bolometer elem ent is connected in a  bridge circuit 
excited by a 1000-cycle source. T he ratio  of th e  resistances of the 
filaments should be constant and independent of am bient tem ­
perature or changes in bridge current. One of th e  strips is ex­
posed to  th e  rad ian t energy to  be measured, which results in a 
change in the resistance ratio . I t  is very difficult to  construct two 
filaments of identical resistance, and second-order fluctuations 
are minimized by the addition of corrective networks in the 
bridge. Bridge unbalance is amplified by a bridged T  inverse 
feedback circuit because it  is necessary to  discrim inate against 
the harm onies of the fundam ental 1000 cycles. In  order to  drive 
a D .C . recorder, th e  signal m ust be rectified, and th is is followed 
by a  degenerative D .C. amplifier for impedance m atching pur­
poses. A vacuum  tube fork generator is used as the bridge 
source w ith a  highly degenerative amplifier. T his combination 
provides a  1000-cycle source of harm onic content less th an  0;5%
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M ake Accurate 

Carbon Determinations

in only minutes

A n  A . R . L. ♦  D I E T E R T  Carbon D eterm in ator  in ­
sta lled  in  you r laboratory w ill save  y o u  va lu a b le  m an  
hours. You can m ake a com p lete  carbon d eterm in ation  
w ith in  on ly  tw o  m in u te s  after the  sam p le is w eigh ed .

T h e  sam p le  m ay b e e ith er  in  the  form  o f  borings, m ill 
chips, crushed sam ple, sh ot or cast p en c il taken  from  the  
sp ec im en  m old. A  sin g le  d eterm inator covers a carbon  
•range from  0 to  5 .0 0 % . S u ita b le  for p la in  or a lloyed  
m etals . A ccuracies ob ta in ab le  are w ith in  tw o p o in ts in  
th e  second decim al p lace. U sed  b y  lead in g  m anufacturers. 
M A IL  T H E  C O U P O N  B E L O W  F O R  C O M P L E T E  

D E T A IL S . P rom p t D e liv ery .

The Varitemp Combustion Furnace
is ou tstand in g  in  perform ance and  
valu e. I t  is recom m ended  for u se  w ith  
th e  2 M in u te  Carbon D eterm in ator. 
C ontained  w ith in  a sin g le  u n it are 
furnace, transform er, pyrom eter, o x y ­
gen  v a lv e , vo lta g e  sw itch es and pow er  
sw itch . T em perature range up to  2750  
d egrees F .

HARRY W. DIETERT CO. 
9330 Roselawn Ave. 
Detroit 4 , M ich.

APPLIED RESEARCH LABORATORIES 
4336 San Fernando Rd.
Glendale 4, Calif.

P lea se  s e n d  m e  y o u r  descr ip tive  brochure describ ing  th e  2  M inu te  
Carbon D eterm ina tor.

N a m e .

L .

A ddress_  

C ity____ _S tate_

9*nA ŹsiA M ne4diatio*i

and a short-term  (5 to 10 minutes) stab ility  of about 0.01% .
The complete bolometer assembly in an infrared spectrom eter 
can produce a  perm anent record of the spectrum  from 2 to  14 
microns in 40 minutes. F or the study of hydrocarbon mixtures, 
the useful region of 7 to  14 microns is recorded in less than  24 
m inutes. The present useful sensitivity for full scale of the re­
corder corresponds to  a change of bolometer tem perature of 11°

X 10“ * C., and assuming th a t of full scale can be read, the

minimal detectable tem perature is 11 micro 0 C. T he response 
tim e of the over-all bolometer system  is about 0.8 second to 
a tta in  1/e tim es the full deflection.

A second paper presented by Brockman a t the same m eeting 
describes the production and properties of nickel bolometers. 
M ost of the difficulties in handling th in  m etal films are avoided 
in the ingenious scheme of electroplating nickel on 0.002-inch 
copper foil which is folded flat around a  copper plate. After 
deposition, the copper foil, w ith nickel on one side only, is cut in to
0.038 X 5 cm. ribbons w ith a special double-edged shear. A 
ribbon is then soldered to  a  platinum  frame a t both ends and to  a 
support midway between the ends. Copper is then removed by 
its  preferential solubility in concentrated potassium  cyanide 
solution. For a  given area and constant current density, the 
thickness of the nickel film is shown to be a  linear function of 
p lating time. G ravim etric and resistance determ inations indi­
cate th a t the th in  films retain the properties of bulk nickel. The 
receiver elements are coated on one side w ith bism uth black.
For a ribbon of mass 6.6 X 10“ '  gram the tim e constant tu rn s 
out to  be 5 X 10“ 3 second, which is confirmed by its behavior as a  
harmonic generator when excited by a 1000-cycle source.

“The Geiger-Miiller X -ray  Spectrom eter” is the title  of a  
paper presented by F . G. F irth  of the N orth  American Philips 
Co. a t the annual m eeting of the American Industria l R adium  
and X -R ay Society in November, 1945. Im provem ents in 
Geiger-Miiller counters have perm itted a  m arked reduction in 
tim e required for x-ray analysis. As described by the author the 
spectrometer of th e  asym m etric focusing type is used w ith a 
counter moving along the arc of the circle containing specimen 
and focus spot. The counter ro tates 20 degrees for 0 degrees 
rotation of specimen. The radius of the circle changes w ith the 
Bragg angle. The x-ray tube is provided w ith interchangeable 
targets and operates on unrectified high voltage w ith voltage, 
stabilization to 1%. T he counter pulses are amplified and fed 
to  inverter and lim iting stages and then  to  an integrating stage. v 
T he counting rate  can be read on a  m eter in th is stage or applied 
by cathode coupling to a  recorder. T he recorder chart m ay be 
synchronized to the spectrom eter drive to  coordinate intensities 
w ith the Bragg angle. Scanning tim e can be varied for the 90° 
interval, between 22 m inutes and 6 hours. A ppropriate scaling 
circuits provide for the direct counting of pulses, and th is be­
comes necessary when weak intensities m ust be measured. The 
num ber of counts required for a given precision follows from the 
law of probability, since the pulses occur w ith random  distribu­
tion. The error is proportional to  the reciprocals of the square 
root of the num ber of counts.

A wide range of practical applications is listed by  the author; 
among them  are analyses or measurem ents of particle size, iden­
tification by lattice param eters, effects of hardening and anneal­
ing treatm ent, analysis and identification of vitam ins, insecti­
cides, medicinals, fats and waxes, starches, sugars, and explosives.

These researches are characteristic of a trend  to  bring precision 
m ethods and tools out of the research laboratory and make them  
suitable for rapid, simply executed procedures in routine control 
work.

For those who m ay be interested in th e  background m aterial 
relating to  these papers the following sources are suggested: 
“T he M easurem ent of R adiant Energy” , W. E . Forsythe, Ed.-, 
M cGraw-Hill, New York, 1937; “Applied X -R ays” , G. L. 
Clark, McGraw-Hill, New York, 1940; “Applied N uclear Phys­
ics” , E . C. Pollard and W. L. Davidson, Jr., John Wiley, New 
York, 1942; “Electrical Counting” , W. B. Lewis, Macmillan, 
New York, 1943; “Tim e Bases” , O. S. Puckle, John Wiley, 
New York, 1943; “Basic R adio” , J. B. Hoag, D . V anN ostrand, 
New York, 1942; “ U ltra-H igh Frequency Techniques” , J. G. 
Brainerd, Ed., D . Van N ostrand, 1942. ,

We note w ith pleasure the re turn  to  the field of instrum enta­
tion of R . L. G arm an, M. E . Droz, and D . J . DeCain after three 
years of research in radar. G arm an heads the new laboratory of 
the General Precision Equipm ent Corp.



HO SKIN S FU RN ACES  
keep the heat inside

We had your comfort in mind 
when we designed the Hoskins 
Laboratory Muffle Furnace. 
inches of insulation will help you 
maintain a more comfortable 
temperature in your laboratory 
and you won’t burn your hand 
by touching the outside of the 
Hoskins Furnace. The sliding 
door saves further heat and it’s 
not necessary to open the door 
completely in order to remove a 
crucible. Turns of the CHROMEL 
wire are "condensed” to com­
pensate for heat losses at the 
door.

•  Muffle Laboratory Furnaces by Hoskins 
have 4%  inches of insulation, a cross 
section of which is shown above. This 
w all is your protection against physical 
discomfort, against wasted heat and 
wasted time. Built for long life .* Hoskins Type FD Muffle Furnace (above) made for 

Laboratory service on lower temperature operations. 
Takes heat safely from 1200 to 1800 degrees F, on 
AC or DC at usual line voltages. Type FH furnace 
also available for high temperature operations up to 
2000  degrees F. Transformer required.

'Jp H E  long-life H o sk in s FH 303A  
C om bustion  Furnace actually uses 

18%  less p o w er due to  ex tra heavy 
insu la tion . H eats up  in  on e-th ird  less 
tim e. Case tem peratu re  is coo ler. H ea t­
in g  unit is ex tra heavy, 7 gauge C hro- 
mel-A, w hich  takes plenty  o f  p u n ish ­
m ent, never know s w hen  to  quit. T h e  
hea ting  un it consists m erely o f the w ire 
itself. T h e re  is no refractory mounting. 
O pera tes o n  AC th ro u g h  a sm all tran s­
fo rm er. G ood  fo r 2000  degrees F. 
ALSO AVAILABLE is H o sk in s  la b ­
o ra to ry  com bustion  furnace, T ype FD, 
fo r tem peratu res up to  1800 degrees, 
w h ich  opera tes d irec tly  on  the line 
w ith o u t tran sfo rm er. R heosta t co n ­
tro lled . W rite  us o r  your dea le r fo r 
com plete  details.

LESS POWER•  The Chromel uni! is hard to wear out, 
and It  easy to renew, simply by wrapping 
it around the grooved muffle.

•  This Is the 7 gauge Chromel heating 
element in the Hoskins FH 303A combus­
tion furnace. Used without refractory 
mounting. Simple to replace.

H O S K I N S  M A N U F A C T U R I N G  C O DETROIT 8 
M IC H IG A N

ELECTRIC HEAT TREATING FURNACES .  •  HEATING ELEMENT ALLOYS •  .  THERMOCOUPLE A N D  I  h- I  

LEAD WIRE .  .  PYROMETERS •  •  WELDING WIRE •  •  HEAT RESISTANT CASTINGS •  .  ENAMELING  

FIXTURES •  •  SPARK PLUG ELECTRODE WIRE •  •  SPECIAL ALLOYS OF NICKEL •  .  PROTECTION TUBES \w »
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OF FI NE QUALI TY

Fused in an e lectric  furnace w ith cem ent  

that is acid , alkali and solvent resistant.

O ptica l Flat W alls. M any stock sizes are 

available. S p ecia l sizes m ade to order.
Sole m anufacturer in th e  

★  U n ite d  S t a t e s  of fu s e d  ★  
E l e c t r o p h o r e s i s  C e l l s .

Makers of complete 
Electrophoresis Apparatus  KLETT SCIENTIFIC PRODUCTS-------

KLETT-SUMMERSON PH OTOUECTRIC COLORIMETERS •  
COLORIMETERS •  NEPHELOMETERS •  FLUORIMETERS •  BIO- 
COLORIMETERS •  CO M PARATO RS •  ELECTROPHORESIS 
APPARATUS •  G LA SS STANDARDS •  G L A SS CELLS •  

KLETT REAGENTS

W ELCH  M ETERS
E xpertly  D e s ig n e d  —  S tu rd ily  Built 

A d a p te d  for work requiring the m ost rugged  perform ance

The use of strong Alnico Magnets with selected pivots and sapphire jewels enables us to construct 
an extremely sensitive movement such as is used in model 350—; 0 to 20 microammeter shown at left.

•  A ln ico M agnets
•  Sapphire Jew el B earings
•  Selected  S tee l P ivots
•  F u m e-p roof W hite M etal Scales
•  E xtrem ely R igid  M ou n tin g

M O D E L S
3 Y i” round —  2.4* scale 
3* square — 2.4* scale 
4 ^ *  rectangu lar —  3.5* scale

ilCROAMPERES M icroammeters 0-20  up to 0-500 
Milliammeters 0-1 up to 0-500 
Ammeters 0-1 up  to 0-30 
Voltmeters, various ranges, 100 to 

50,000 ohms per volt
Zero C enter Ammeters 
DB Meters 
Rectifier Instruments 
Thermocouple Meters 
Special Scaled Meters

B«tCT CWjtÑT

VO LTS

M ODEL NO. 350 WRITE FOR OUR 
M ETER CATALOGC A S E S  M o ld e d  B a k e l i t e  fo r  F lu s h  M o u n t in g

W E L C H  S C I E N T I F I C  C O M P A N Y
---------------------------------------------Established 1880--------------------- — ---------------------------------------------------

nek St., Dept. A • Chicago 10, Illinois, U.S.A.

GLASS A B S O R P T IO N  C E L L S   "1



O ld
S ty le

C e rn ía n
B o ttle

L e n g th  o f  B u b b le  T r a v e l
V o lu m e  o f  S o lu tio n

T im e  o f  C o n ta c t  W ith  
S o lu tio n

N u m b e r  o f  F re ez ab le  
G ro u n d  C la s s  J o in ts

A n  a d d it io n a l  a d v a n ta g e  o f  th e  n e w  s ty le  W a s h e r  is  th e  f a c t  th a t  th e  m a x im u m  r a te  o f  
w a sh in g  w ith o u t  c a r ry  o v e r  h a s  b e en  in c re a s e d  to  2 2 9 %  th e  r a te  o f  th e  o ld  s ty le  M il lig a n  
b o ttle .

Fisher-Milligan Gas Washer
(With Resilient Plastic Cap)

The Fisher-Milligan Gas Washer is another ap­
paratus improvement from Fisher’s Development 
Laboratories. It is available along with other mod­
ern laboratory appliances and reagent chemicals 
from:

Fisher Scientific Co .
717 Forbes S t., P ittsb u rg h  ( 19), P a .
2109  Locust S t ., S t .  Louis (3 ), M o.

E im e r and Am end
G reenw ich and Morton S treets
New York (14), New York

HELLIGE-DILLER
PHOTOELECTRIC COLORIMETER

A self-contained colorimeter emphasizing the three primary 
considerations of accuracy, foolproofness and universality. 
This precise instrument for accurate and always reproducible 
colorimetric determinations has often proven to be the solu­
tion of numerous extraordinary and difficult colorimetric 
problems.

W rite  fo r  B u lle t in  No. 400

H E L LI  G E
I N C O R P O R A  T ’ E  O

3718 NORTHERN BLVD. LONG ISLAND CITY. N.Y.

HEADQUARTERS .FOR’ COLORIMETRIC APPARATUS
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jO m ta'covael

F is h e r - M i l l ig a n

GAS WASHER

Washes Gases more effectively

Rcca.u.ia.. Bubbles Travel 45% farther  

and Stay in Contact 32% Longer • •
_______________ Comparison o f  Gas W ashing Bottles

T y p e  o f  B o ttle

S ta b il ity

N e w  
S ty le  

Fisher* 
M il lig a n  

G a s  W a s h e r

H E L L I G E

COLORIMETERS
VISUAL a n d  

PHOTOELECTRIC 
C O L O R I M E T R Y

S!5EK H ellige Duboscq
Kt HUt HI C OL OR I ME T E R

EM BODIES  
AN UNUSUAL 

COMBINATION  

O F 10 
ST R IK IN G  

FEA TU RES

C o m p lete , $65.00 

W rite  fo r  B u lle tin  

No. 250-A



| 337 CENTRAL AVE, 
JERSEY CITY 7, N. J

r E SV JV -T S

: LS FAST
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All in controllable 
cyc/es inside the

NEW ATLAS TWIN ARC

W EATHEli-OMETER

T H E  n ew  A tla s T w in- 
Arc W eath er-O m eter has 

b e e n  d ev e lo p ed  to  save  
t im e  w here sp eed  in  testin g  
is  essen tia l.

W here F ed era l S p ecifi­
ca tion s ca ll for a defin ite  
nu m b er o f  testin g  hours in  
t h e  A t l a s  s i n g l e  a r c  
W eath er-O m eter, th is  tim e  
can  b e  cu t in  h a lf in  th e  
A tla s T w in-A rc.

E x c lu s iv e  A tla s T w in -A rc  
W ea th er -O m eter  featu res:
1 . T em p eratu re  control.
2 .  U n l im i t e d  r a n g e  an d  

control o f  L igh t and  
W ater S pray P eriods.

3 . A d j u s t a b le  a n d  a u to ­
m atic  tim ing .

4 .  In su la ted  te s t  cham ber.
5 . O p e r a te s  con tinu ou sly  

2 4  hours w ith ou t m an­
ual a tten tion .

6 . C arbon co st 28c  per  
day.

7 .  F u ll au tom atic  —  Safe
to  operate u n atten d ed  overn ight.

8 . C ontrol p an el contains V o lt  and A m m eters— T im e  M eter—  
L ig h t and W ater C y cle  sw itch— A u to m a tic  tim e  cu t off 
sw itch — V o lta g e  ad ju stin g  sw itch— D ir e c t reading therm al 
regu lator— R ea cta n ce  C oil (c u ts  pow er co st  in  h a lf ) .

T h e  S in g le  A rc M od el is a pop u lar m a ch in e  w h ere h igh  sp eed  
is  n o t required.

ATLAS ELECTRIC DEVICES CO.
361 W. Superior St., Chicago, Illinois

I his instrument retains 
a ll o f the advantages  
of the w e ll established 
Hercules method without 
any  of its disadvantages. 
Range extended to cover 
from 75  to 1 ,000,000  
centipoises Constant tem­
perature jacket built-in. 
Autom atic timer can be 
furnished upon request. 
Write for bulletin N o. 4 51 .

U. S. PATENT NO  2,252,572 LICENSED 
UNDER HERCULES POWDER CO PATENTS

Originators and  sole m anufacturers  
o f accelerated testing  c/evices for  a 
quarter o f a cen tury . Fade-O m eter, 
W eather-O m eter, Launder-O m eter are 
used all over the  w orld  as accepted  
standard testing  m achines.

A n  accurately made, 
highly polished, chrome ' 
plated brass cup holding 
exactly 83 .3  mis. W id e ­
ly used for measuring

weight in pounds per gallon and specific 
gravity of paints, varnishes, lacquers, oils 
and a wide variety of industrial or food 
products.

Cup with cover $ 1 0 .7 5  postpaid. 

Couni.rb.Unc« Counterbalance $5 .25  postpaid.

A TLA S-O M ETER S
WEATHER-OMETER *  LAUNDER-OMETER *  FADE-OMETER

HENRY A. GARDNER LABORATORY, INC. 
4723 Elm Street 

Bethesda 14, Maryland



January, 1946 A N A L Y T I C A L  E D I T I O N 27

"P A I^ -M Y E R S  inc
81 READE STREET, NEW YORK 7, N. Y.

p r e s e n t s
THE NEW 
G&DpH 

Electrometer
V ersatile A ccurate
C ontinuous Inexpensive 
D irect Sim ple

Self Contained

As pioneers in  the field of electronic pH  meas­
urem ents, we confidently recom m end the G & D  
Electrom eter, w hich com bines accuracy, sim ­
plicity  and sound electronic design.

Direct continuous read­
ing, w ith o u t m anual 
balancing.
M inim um  of p re lim i­
nary adjustments.
No adjustments during 
operation.
S turdy, fac to ry  sealed 
glass electrode.

Literature O n Request

Range; 0 to 14 pH —0 to 
500 milli volts.
Accuracy, plus or minus 
0.05 p H  r e la t iv e  to  
buffer standard.
Unexcelled for pH and 
oxidation - reduction ti­
trations.

T h e  high moisture absorption o f low-cost Driocel is maintained 
indefinitely. I t  can be restored by thermal regeneration tim e after 
tim e to produce bone-dry gases or liquids. This cuts drying costs. 
Driocel is being used b y  refiners and chem ists to  dry:

Feeds to alkylation and other ca ta ly tic  processes. 
N atural gas and pipeline gasoline.

Hydrocarbon gases, hydrogen, a ir, hydrogen sulfide, etc. 
Liquid organic chem icals.

F urther applications of Driocel are constantly being developed. 
Perhaps your own drying processes can be im proved—or the cost 
reduced—by this activated bauxite desiccant. W e’d be glad to 
talk  it  over. Ju s t write A ttapulgus Clay Company (Exclusive Sales 
Agent), 260 South Broad Street, Philadelphia 1, Pennsylvania.

POROCEL C O R P O R A T I O N

11 A U X I T E A D S O R B E N T S  A N D  C A T A L Y S T S

K le t t M a n u f a c t u r i n g  C o .

1 7 9  E A S T  8 7 T H  S T R E E T  N E W  Y O R K ,  N . Y .

K le tt . . . .
P h o t o m e t e r s

Pltotoelecbiia 
Q lali Gell 

GalcvU*nete>i

*JUe, K leti
fy h i& U m e t& i

No. 2070

D esig n e d  fo r  th e  
rap id  a n d  a ccu ra te  
d e t e r m i n a t i o n  of  
t h ia m in , r ib oflav in , a n d  o th e r  su b s ta n c e s  w h ic h  
flu o resce  in  s o lu t io n . T h e  s e n s it iv ity  a n d  s t a ­
b il ity  are su c h  t h a t  i t  h a s  b e e n  fo u n d  p a r t ic u ­
la r ly  u s e fu l  in  d e te r m in in g  very  s m a ll  a m o u n ts  
o f th e se  su b s ta n c e s .

SCIENTIFIC P R O D U C TS™ :
ELECTROPHORESIS APPARATUS .  BIO-COLORIMETERS 
GLASS ABSORPTION CELLS •  COLORIMETER NEPHELOM- 

.  GLASS STANDARDS .  KLETT REAGENTS



28 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 18, No. 1

S IN C E  E IG H T E E N  F IF T Y -S IX

NEW LaMOTTE 
PHOSPHATE COMPARATOR

F i l l  ANALYTICAL 
FILTERPAPERS

TIT

CARL SCHLEICHER &  SCIIUELL CO.
Plant and Laboratories: SO U T H  L E E , MASS. 

Executive Offices: 116-118 W EST 14th S T R E E T

A  rapid and accurate method of control 
in treatment of Boiler Feed Water to 
prevent scaling. Range of concentration 
covers 0 -1 0 0  ppm of phosphates. Same 
comparator can be used for polyphos­
phates. Complete unit $15 .00  f.o.b. 
Towson, Maryland. LaM otte makes 
similar outfits for other control tests. 
Information will be supplied upon request, 
without obligation.

LaMOTTE EQUIPMENT
For the D A IRY IN DUSTRY

The LaM otte Research Department has developed many types of tests and 
equipment for the control of p H , chlorine, corrosion and boiler feed water 
in the dairy industry. Write for copy of the LaM otte M ilk  Industry Bulletin

which includes:
Methods for determining pH  of 
milk, cream, butter and other 
dairy products.
Comparators for superchlorination, 
sterilizing plant equipment and 
containers.
Equipment for control of corrosion 
in refrigeration and cooling sys­
tems, tests of sodium and calcium 
brines. Equipment for control of 
efficient boiler feed water treat- 

LaM otte Block Comparator for p H  control ment.

I f  yo u  do not hace the L a M o tte  A B C  H andbook, a com p lim en ta ry  copy  
w ill be sen t upo n  request w ithou t obligation.

LaMOTTE CHEMICAL PRODUCTS CO.
Tow son, B a ltim o re  4, M d .

AGING BATH
O i l  i m m e r s i o n —fo r ag in g  R u b b e r  &  E la s to m e rs

in  o ils  o r  liq u id s  in  te s t  t u b e s . . .
ASTM D 471—Changes in  properties of rubber and rubber-like 

m aterials in  liquids.
ASTM D 735—R ubber and synthetic  rubber com pounds for 

autom otive and aeronautical applications.

Y e w  Y o r k  Y a r o r a t o r y  S u p p l y  C o m p a n y , I n c .
K eye d  to  effic ien t service to  in d u s tr ia l a n d  in s ti tu tio n a l labora tories. 
7 «  V A R IC K  STREET N EW  YO RK  13, N .Y .

This ba th  was developed for use 
in  estim ating th e  com parative 
ability of rubber and  other 
elastomeric com positions to 
w ithstand the  effect of im m er­
sion in  oils and liquids and  to 
secure comparative d a ta  on 
w hich to base ju dgm en t as to 
the  service quality , and is 
especially useful in research and 
development work.

Can also be used for aging ru b ­
ber or elastom ers in  air in  test 
tubes.
Elim inates th e  variable effect 
due to contam ination of o ther 
samples, and  variations in  th e  
circulation of th e  a ir in  the  
conventional type of oven.

D escrip tio n  
Capacity: 24 test tubes, 38 m m  
x 200 or 300 m m . The test tubes 
are supported in  an  adjustable 
rack m ade of stainless steel 
which rests directly in  the ba th . 
T he b a th  is heated  by steel- 
sheatcd im m ersion beaters 
controlled by an  adjustable, 
hydraulic therm osta t providing 
uniform  and constan t tem pera­
tu re . C irculation is provided by 
a ball-bearing, fully enclosed 
resilient-m ounted m otor stirrer. 
T em perature range: 35 to 200° 
C, w ith an  accuracy of plus or 
m inus 1° C.
Overall dim ensions, including 
rack: 49 in . high, 24 in . wide, 
24 in . deep. Oil capacity—19 
gallons.
115 volts, 60 cycles, AC 3000watts.

Price: $325.00.
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T E M C O ^ . r

i.  ...

LABORATORY  
E Q U I P M E N T

L a b o ra to ry  W a ll  
Tab le  a n d  Fum e H o o d

SHELDON'S long, continuous, and successful exp erience; 
efficient planning service, and unsurpassed production 
facilities  combine to  provide the utmost in u t ility  and  
economy in Laboratory Equipment. Let SHELDON Planning  
Engineers help you plan y o u r  r e s e a r c h  and control 
Laboratories.

SHELDON’S new  Industrial Catalog for Chemical 
and Physical Laboratory , X - ra y , M eta llograph ie  
and D ark Room Fixed Equipment is now on the  
press. Reserve you r copy today .

E. H. S H E L D 0 N & COM PANY
M USKEGO N , M ICHIGAN

Greater Accuracy in Absolute Units

HOEPPLER 
VISCOSIMETER
Absolute viscosity according 
to the Falling Ball Principle

MODEL GRP

FOR HEAT TREATING 
SMALL TOOLS AND  
PARTS. TESTING AND 
LABORATORY WORK.

For determ ining the absolute viscosity o f gases, liquids, 
oils, plastic, syrups, or viscous tars. Direct readings in 
centipoises fo r  ccn tistokes/. From 0.01 to 1.000,000  
centipoises. Accuracy: 0.1%  to 0.5% . Difference in vis­
cosity between distilled and tap water can be measured.

T h e  falling tim e o f the ball m ultiplied by other given 
factors show s the absolute viscosity in centipoises. Small 
sam ple f3 0  cc) required. Results consistent and repro-

Wr/fe today for new Bulletin HV-303.
Order direct or from leadlns laboratory supply dealers.

FAST HEATING — 1500° 
F. in 30 m in.T em perature 
controlled by four poin t 
s w i tc h  s e t  f o r  5 0 0 ° ,  
1000°,1500° and 1850° F. 
T h e s e  s e t t i n g s  easily

F IS H -S C H U H M A N  C O R P O R A T IO N
230 E a s t  4 5 th  S t r e e t ,  N e w  Y o rk  17 , N . Y .

h-Sclnirm a

J L n e b e  s c i u n g a  ccxsiiy
changed by adjusting bands on rheostat coils. D epend' 
able indicating pyrom eter is calibrated in  both Fahren­
heit and C entigrade scales.
UNIFORM TEMPERATURE— H eating elem ent of highest 
quality  nickel-chrom ium  alloy forms a continuous coil 
and is embedded in sides, top  and bottom  of muffle 
chamber. This construction assures uniform  tem per­
ature and protects elem ent from  dam age and oxidation. 
Complete m uffle u n it is replaceable.
PORTABLE— Body is alum inum . T o ta l w eight, 17 lbs. 
Muffle chamber, 4" x  334” x 334”; furnace overall, 
914" x 131/2" x IOI/2 ". Supplied w ith  attachm ent cord. 
O perates on A.C. and D.C., 115 or 230 V. (be sure to 
specify voltage'). Max. pow er consum ption 1200 watts.
M odel GRP com plete , 115 V................S42.50; 230 V................ S 47.50

See your supply house or w rite

THERMO ELECTRIC MFG. CO., 478 W . Locusf S t., Dubuque. la .
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L U M E T R O N
Photoelectric COLORIMETER and FLUORESCENCE M ETER

A high precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

Mod. 402EF for dofonaluation of V ft B : and Bi

Also
Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

W rite (or L iterature Prom pt D e liv e ry

•  REQUIRES- H O  W IN D I N G ;
merely set pointer for interval 
desired.

•  SINGLE TAP C H IM E ; rings 
once and is quiet.

•  D IAL G RADUATED IN M IN ­
UTES: fractions are easy to 
estimate.

•  FIVE MODELS TO  C H O O S E  
>. FR O M ; up to I hour capacity.

IN T E R V A L  TIM E RS
93 5 1 /1
9 3 5 1 /2

30-minutc range..................$3 .25
60-mlnute range...............  3.55

P O R T A B L E  S W IT C H E S  —  for
turning electric current off after a desired 
interval. For 110  volt, 6 0  cycle A .C . cur­
rent 10  amperes capacity.
9 3 5 1 /3  15-minute range..................$6.55
9 3 5 1 /4  30-minute range............... 5.45
9 3 5 1 /5  60-minute range...............  5.55

BY M ERIAM
•  To meet the needs for 
m ounting a m anom eter  
on the front o f  an in ­
strument board, w e are 
supp ly ing  th is popular  
M odel A-324-FB.
It is the w ell type, direct 
reading unit. The rectang­
ular w ell detaches from 
the body, instrument body 
is mounted on front of 
board , the m an om eter  
w e ll  then  reassem b led  
and l in e  c o n n e c t io n s  
made from back o f  board.
This manometer is good  
for line pressures up to 
100 lbs. per in. Available 
in ranges up to 100"— 
in steel, brass, or stain­
less steel construction. An 
attractive, efficient instru­
ment that gives thorough 
satisfaction. Ask for Cat­
alog C - l l .
THE MERIAM INSTRUMENT CO.
10952 Madison Ave. Cleveland 2, Ohio 

WESTERN DIVISION:
1418 Wilson A ve., San Marino 9 , Calif.

IN  C A N A D A :
PEAC O C K BROS., LTD., M O N TR E A L

M E -R IA M
E S T A B L I S H E D  1911

MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT 

OF PRESSURES, VACUUMS AND FtOWS OF UQUiDS AND GASES

SCHAAR & COMPANY
Com plete Laboratory Equipment 

74 8 W. LEXINGTON STREET CHICAGO 7
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YOU HAVE EVERYTHING UNDER CONTROL
T H R O U G H

THE MODERN METHOD TO CONTROL 
p h , C H LO R IN E  A N D  P H O S P H A T E S

F or exam ple . . . T h e  T ay lor  L ong R an ge p H  S lide C om para­
tor. H ere is a  com p act p ortab le  ou tfit  th a t  g ives determ ina­
tio n  o f  p H  in 60 seconds an d  —  w ith  ad d ition al slide —  p h os­
p h ates in 2 m in u tes . . .  in  a n y  part o f  th e  p lan t. Accuracy 
is assured as all Taylor Liquid Color Standards are guaran­
teed not to fade.

N E W  8 8  P A G E  B O O K .................J U S T  P U B L I S H E D

. . . g ives com p lete  d eta ils o f  T aylor  
L iqu itro l M eth o d s, p ortab le  ou tfits and 
procedures; d iscu sses ap p lica tion  to  prob­
lem s, like yours, in 34  industries. A  
va lu ab le  reference b ook , com p lete  and up  
to  th e  m inu te . See you r dealer or w rite  
direct.

INDEX TO ADVERTISERS
Anachemia, L td .....................................................................................  13
Atlaa Electric D evices C o................................................................. 26
Attapulgus C lay C o.............................................................................  27
Baker & A dam son................................................................................  34
Baker Chemical Co., J. T .................................................................  2
Bausch <fc Lom b Optical C o.............................................................. 32
Central Scientific C o ............................................................................ 5
Chemical Rubber C om pany.............................................................  31
Coors Po-celain C o...............................................................................  19
Corning Glaus W orks..........................................................................  14
D ietert Co., Harry W ........................................................................... 4:22
Eimer <fe A m end...................................................................................  25
kish-Schurman Corp............................................................................ 29
Fisher Scientific C o ..............................................................................  25
Gardner Laboratory, Inc., H enry A .............................................. 26
General Chemical C o.............................   34
Goodrich Chemical Co., B . F .................................... . . . . !  9
Harshaw Chemical C o............................................................. . . ! ! ! .  8
Heilige, Inc  25
H evi D u ty  Electric Co'..'.'.’.’. ’. ’.". 10
Hoskins M fg. C o...................................................................................  23
K im ble Glass Co 15
K tett M anufacturing C o . . 24: 27
LaM otto Chemical Products C o......................................................  28
LaPine & C o., Arthur S ....................................................................  18
Lindberg Engineering C o................................................................... 20
M allinckrodt Chemical W orks........................................................  6
M erck & Co., Inc...............................................................'    n
Meriam Instrum ent C o . ü . ! ! ! ! ! ” ! ! ! ! ! ! ! " ! ” .'!.'.' 30
N ew  York Laboratory S u p p ly ..'____i ! ! . ’ ! ” . ' .""’ ].’ ! ! ! . ! .  28
Palo-M yers, In c .....................................................................................  27
P hotovoit Corp................................... . . . ! ' . ! ! ! ! ! ! ! ! ! ! ! . ! ! ! ! . .  30
Porocel Corp...............................................     27
Precision Scientific C o.......................................... ’ ..........................  33
Reichhold Chemicals, Ino...........................    7
Sargent & Co., E . H ............................................................................  17
Schaar & C o............................................................................................19:30
Scientific G lass Apparatus C o.........................................................  19
Schleicher & Schuell Co., C arl........................................................  28
Sheldon & Co., E . H ............................................................................  29
Taylor & Co., W. A .............................................................................  31
Tech Laboratories................................................................................  26
I hermo Electric M fg. C o..................................................................  29
Thomas Co., Arthur H .......................................................................  16
4 ? ,  ■ Scientific G lass Apparatus C o .............................................  12
Welch Scientific Co., W ÏM ..............................................................  24
" i lkens-Anderson C o.............................    18

B a r n s t e a d  
W a t e r  B a t h

F eatures
• B o t t l e  F e e d  f o r  P o r t a b il it y

• R od  C l a m p s  P e r m a n e n t l y  A t t a c h e d

• I n s id e  F l a s k  S h e l f

• C o n v e n ie n t  T e s t  T u b e  H o l d e r

• M o n e l  M e t a l  E x t e r io r

• B u il t -i n  S w it c h e s  a n d  P il o t  L ig h t

Specifications
Barnstead Model WB-100 W ater B ath. Cylindrical, 
electrically heated bath  of Monel m etal construction 
w ith tinned copper interior. Equipped w ith two 500 
w att heating elements with ind ivid ual switches. Center 
opening is 5Vi«' diam eter with concentric covers for 
smaller openings of 4Vi»', 3‘/ie '. 2 V n ' and 1 Y u '. The 
six numbered outside holes are 3Vi«' in diam eter with 
concentric covers for smaller openings of 2 * /u ' and 
1 Vi«'- F ittings include bottle  holder, 2-qt. glass bottle, 
switches, pilot light, drain petcock, 2 nickeled brass rods, 
hose nipples, concentric covers, te s t tube holder, 6 ' cord 
and plug.

D iam eter of bath 15 '. Space required 1 8 ' x 2 1 '. 
H eight of body 7_'— to top of b o ttle  15 '.
F urther detailed information on request.

CATALOG No. 863— Specify 110 or 220
vo lts* .......................................................... $59.00

*110 volt m odels—shipm ent from  stock

TH E CHEM ICAL RUBBER CO.
Scientific Equipment, A nalytical Chemical*, Laboratory Supplies 

H A N D B O O K  O F  CHEMISTRY A N D  PHYSICS

2310 Superior Ave. Cleveland 14, Ohio
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The B series of Bausch & Lorab Microscopes is planned optically and mechanically to 

meet the greatest possible number of uses with a standard instrument. In weight, in 

balance, in range of magnification {(rom  20X to 980X^ and in accessories available, 

these beautifully built microscopes give you a precision instrument that’s truly versatile. 

Model BA-8 has built-on mechanical stage of improved design. An Abbe Condenser, 

1.25 N.A., is held in a full-ring mount. Positive, smooth focusing is accomplished 

through rack and pinion coarse adjustment and B&L patent lever-type fine adjustment, 

with automatic take-up for wear. Write for Catalog D-185, "Laboratory Microscopes, 

Bausch & Lomb Optical Co., Rochester 2, N ew  York.

BAUSCH & LOMB
E S T A B L I S H E D  1 8 5 3

BAUSCH & LOMB
I C R O S C O  PE

t
M O D E L

B A -8


