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T R A O C  M A R K
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Multiple Unit Organic Combustion Furnaces, through their adaptabil­

ity/ have become standard in most organic laboratories. . . .  Ease and 

exactness of temperature control and low operating cost, together 

with the replaceable unit feature, have made these furnaces desirable 

for all organic combustion operations.

See your Laboratory Supply Dealer or write for Bulletin HD 73SA

H E V I  D U T Y  E L E C T R I C  C O M P A N Y
LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY

' REG. U. S. PAT. OFF.

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

A standard train  includ- 
ing Type 123 organic 
co m b u stio n  and  Type  
70-5 pre-heat furnaces.
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The 1 1 2-p ou n d  a v o ird u p o is  
weight which ruled as a standard 
during Queen Elizabeth’s time.

TRUE-TO-LABEL STANDARDS
The analytical chemist can be certain that the maximum limits of impurities 

shown on the label of every Mallinckrodt A. R. Chemical are precisely correct and 

unvarying from lot to lot. Mallinckrodt Analytical Reagents are made to 

predetermined standards for dependable gravimetric, colorimetric, gasometric, or 

titrim etric work.

Send for catalogue of Mallinckrodt Analytical Reagents and other chemicals for 

laboratory use.

ALW AYS SPECIFY REAGENTS IN MANUFACTURER'S O RIG IN A L PACKAGES

MALLINCKRODT CHEMICAL WORKS
76 yeaAA ajf ¿etouce. ta chem ical uAesiA.

ST. LOUIS • PHILADELPHIA • MONTREAL
CHICAGO • NEW YORK . LOS ANGELES

^VICTORY

BUY
KWIU U N IT E D  

S T A T E S  
W AR

fêONDS 
STAMPS
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nnouncing a complete N fc W  line of

FURNACES

LABORATORY CYCLONE TEMPERING FURNACE
H eated with the uniform accuracy of the fa- pering of steel, salt baths, nitriding, bright tem- 
mous Lindberg air recirculating principle, the p e rin g  and  m any o th e r p recision  h ea tin g  
Cyclone Furnace is in wide use today for tern- applications from 250°F., to i 250°F.

N e w  in appearance and construction, Lindberg research operations that dem and closely con-
Laboratory Furnaces are available to the labo- trolled temperatures.
ratories of the nation for drying precipitates, ash These furnaces bring to the laboratory N E W  
and carbon determinations, ignitions, melting, features in construction and N E W  benefits of
pyrometer calibrations, boiling, distilling, pilot performance such as found only in today’s
heat treating and the many other precision modern industrial furnaces. For example:

NEW! M ore accurate and efficient service 
is obtainable through the use of insulation, 
heating elements, controls and construction 
such as used in the latest industrial furnaces.

NEW! Rugged heating elements of the low 
voltage type perm it higher operating tem pera­
tures with longer life and fewer replacements. 
These elements are patterned after the kind that 

stand the abuse of heavy schedules in 
production heat treating shops.

NEW! T he smooth, “stepless” principle of 
the Lindberg Inpu t C ontrol gives any degree of 
heat required w ithin the tem perature range of 
the unit. It replaces the separate resistance type 
of control which proportions the heat in stages.

NEW ! On larger units, furnace operation 
can be easily observed and controlled from 
plainly visible dials on the built-in panel which 
is com plete with Lindberg Control, signal light 
and indicating pyrometer.

NEW ! C onvenient mechanical door operat­
ing mechanism, used in all production furnaces, 
is provided in the vertical lift doors of box units. 
H o t side of the door faces away from the oper­
ator thereby adding to his comfort in handling 
work in and out of the furnace.

NEW ! Furnace design matches, in appear­
ance, other modern laboratory equipm ent. T he 
clean streamlined shape contributes to the high 
standard of laboratory neatness.

A sk your dealer, or w rite  to the Lindberg Engineering Com pany, 
Departm ent CM -5 for further information.
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S M E L T E R S . R E F IN E R S  AND  W O R K E R S O F P LA TIN U M . GO LD  AND S IL V E R

113 Astor St., Newark 5, X. «1.
SAN FRANCISCO CUICAttO

search staff is a l­
w a y s  rea d y  to  
work w ith  vou.

Vol. 15, No. 7

BAKER

Tested by Use

T ests  o f  any p iece o f  ap paratu s under co n d itio n s th a t s im u ­
la te  th o se  u n d er  w h ich  it  w ill have to op erate are va lu ­
ab le, b u t n o th in g  can  equal workaday use 
show  th e q u a lity  o f  a p iece o f  eq u ip m en t.
B aker Laboratory W are is u nd er the co n tin u a l Lrial 
o f  Lest b y  u se , because w e em ploy  it freely all the  

t im e  in our ow n laboratories. In  th is way we 
discovered how  th e s te m s o f  sta tio n a ry  type  
electrod es tended  to break a t their ju n c tu re  

w ith  the cy lin der and  corrected the fa u lt by 
rein forcing  the jo in t  there.

A m ong our o th er  im p rovom enIs are d e­
sign  ch an ges lik e  our reinforccd rim  
crucib les and  d ish es, th e  Baker Low 
Form  C rucible and our p la t in u m -  

rhod iu m  a lloy , now so w idely  
used for laboratory ware.

\  SPECIAL APPARATUS—W hen  
you are in  n eed  o f  sp ecia l 

ap p aratu s, our p la n t is the  
\  log ica l p lace to have i t pro­

duced . Our experience  
\ covers a period o f  m ore  

, th a n  s e v e n t y - f i v e  
years and our re-
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CENTRAL SCIENTIFIC
S C I E N T I F I C  INSTRUMENTS LABOR,

COMPANY
LABO RATORY A P P A R A T U S .

«EfeMJsa:

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO

Uniform temperature distribution in an oven means uniform 
results regardless of whether the oven is used for incuba­
tion, sterilization, or drying. Cenco-DeKhotinsky labora­
tory ovens are accurately designed to give a uniform as 
well as constant temperature. The triple wall, in addition to its excellent insulating 
qualities, provides a passageway for the natural circulation of air. This feature assures 
uniformity. The Cenco-DeKhotinsky bimetallic thermoregulator assures the constancy  
of temperature responses to }zi degree C or less. The glass paneled inner door of the 
oven permits viewing the contents without materially lowering the temperature. The 
popular size is N o . 95100A, measuring 14% x 12 x 11% inches inside. It is designed  
for use on 110 volts AC or DC. The price, $140.00.
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Recording Oscillograph

The Consolidated Moss Spectrometer is made available to War Industries on a basis which 
provides ample protection in future developments in this field. . Write for particulars.

CONSOLIDATED ENGINEERING CORPORATION
Herbert Hoover, Jr., President 

1 2 5 5  E A S T  G R E E N  S T R E E T  ' P A S A D E N A ,  C A L I F O R N I A

C2-  C4 
P A R A F F IN -O L E F IN  

m i x t u r f

W° ICCU'° r W .i9 h . S c , le Rango 24.60

AUTOMATIC RECORD
of 

Typical Refinery Raw Feed 
to Alkalization Plant 

Obtained on a 

MASS SPECTROMETER

of analyzing simple and complex mixtures used for 
manufacturing synthetic rubber and high octane avia­
tion gasoline. It provides a superior means of control 
which permits more efficient operation and greatly 
improves analysis technique. In research , it provides 
unlimited opportunities for investigation of problems 
arising in development of new products.

RECORDS sim ilar to this can be obtained every 20 
minutes. Complete analysis of this feed w as com­

puted from the above record and instrument calibrations 
in 1 Va hours. When analyzing control samples this com­
putation time can be substantially reduced.

The Consolidated Mass Spectrometer and pertinent 
analysis techniques provide an accurate, rapid method
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This skilled chemist; • 
testing a batch of rubber recov­
ered from scrap at a midwest 
xylos process plant, exemplifies 
|ust one of innumerable essential 
industries which make use of 

Kimble Laboratory 
Glassware.

Standardize on 

K I M B L E  L A B O R A T O R Y  G L A S S W A R E

KIMBLE LABORATORY GLASSWARE 
will serve you wherever your present 
vital production depends on research,

analysis and control. Using standard  
item s wherever possible m ay be im ­
portant in m inim izing delays.
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i #MEN A T ^W O R K
B E H IN D  T H E  G U A R D E D  D O ORS  of college “labs; 
highly trained chemical minds have 
quietly and industriously become ab­
sorbed with special and secret war prob­
lems . . .  so that through chemistry our 
Armed Forces may continue to be the 
best equipped, the best protected in 
the world!

Baker & Adamson Reagent Chemicals arc 
extensively used in this important work . .  . 

i just as they always have been in peace-time 
^ chemical pursuits. Today, however, tlicir high

S E T T I N G  T H E  P A CE  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2

p u r ity  and unusual degree of uniformity is 
particu la rly  important because of the 
nature of this work. There can be no 
time out for errors. Every emphasis must 
be placed on unfailing accuracy and the 
rapid execution of all assignments.

Sixty years of experience in the 
manufacture of reagent, U.S.P., N.F., 

fine and “special” chemicals stand behind  
all B. & A. products. They are the “accepted 
standard” of many leading college and in­
dustrial laboratories. Have you  tried them?

Ba k e r  ^ A d a m so n
York C .T tA r c J tfsDivision of G E N E R A L  C H E M IC A L  CO M PA N Y, 4 0  Rector St., N ew

Technical Service O ffices: A tlan ta  • B altim ore •  Boston •  B ridgeport (C o n n .)  •  Buffalo •  C harlo tte  (N . C .) 
Chicago • Cleveland • D einer • D etro it • H ouston • K ansas C ity  • M ilw aukee •  M inneapo lis  

New York • Philadelphia • P ittsbu rgh  • Providence (R . I . )  •  S t. Louis •  U tica (N . Y .)
Pacific Coast Technical Service O ffices: San Francisco •  Los Angeles 

Pacific N o rthw est Technical Service O ffices: W enatchee (W ash .) •  Y akim a (W ash .)
In  Canada: T he  Nichols Chemical Com pany, L im ited • M ontreal • T oron to  • Vancouver
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ELEC T R IC  HEAT .TR EA T IN G  FU RN ACES •  •  H EA TIN G  ELEM EN T A LLO YS •  •  TH ERM O CO UPLE AND 

tEAD WIRE •  • PYROMETERS •  • WELDING WIRE •  • HEAT RESISTANT CASTINGS •  •  ENAMELING 

FIXTURES •  •  SPARK PLUG ELECTRODE WIRE • •  SPECIAL ALLOYS OF NICKEL •  •  PROTECTION TUBES

FH-204 Muffle 
Furnace
F or hard  labo ­
ra to ry  service: 
heavy hair-p in  
un its, very  d u r­
able and  easy 
to  renew ; 31 
c o n t r o l  s t e p s  
t h r o u g h  t r a n s ­
form er; 2000° F .; 
useful for light 
h eat-trea ting .

Here is a show ing  of H oskins Electric 
Laboratory Furnaces and Hot P lates, a ll 
of them equipped w ith Chrom el e le­
m ents that h a ve  v e ry  fine d urab ility  and  
e a s y  replacem ent. We h a ve  been m ak­
ing them for 35 y ears , and  they are  
accepted a s  standard  in p ractica lly  
every  laboratory . Write to your dea ler  
or to us.

Hoskins Manufacturing Co., Detroit, Mich.

FH-303-A Combustion Furnace

Helical un it, 7 Ga. 
wire; transfo rm er 
and  rh eo s ta t con­
tro l; 2000° F .; case 
7 ' d ia .; surface tem - 
p e r a tu r e  120° F . 
lower th a n  w ith 6 ' 
c a s e ;  1 8 %  le s s  
pow er; du rab le  and 
econom ical.

FD-204 Muffle Furnace
O pera tes on  line vo ltage; rh eo sta tic  te m p e ra tu re  
con tro l; sm all d ia l p y ro m ete r (o p tio n al) for 
app ro x im ate  te m p e ra tu re  m easurem ent. C hrom el 
u n it is w ound a round  a  grooved muffle. T o p  
tem p e ra tu re  a round  1800° F .

FD-303-A Combustion FurnaceFR-234 Combustion FurnaceHigh Temperature Combustions

H elical coiled 
u n i t  w ra p p e d  
around grooved 
tube ; rheostatic  
contro l a t  line 
voltage: 1800° 
F .; case, 7 'd ia .:  
uses 13 %  less 
p o w e r  t h a n  
w ith  6* case, 
150° F . cooler.

H and les four 
c o m b u s t io n s  ; 
C hrom el rib- 
b  o n u n i t s :  
t r a n s f o r m e r  
con tro l; c ircu­
l a t i n g  w a t e r  
and  wicks keep 
tu b e  ends cool.

FH S-304 carbon 
com bustion  fu r­
nace, equipped 
w ith  N o . 10 Alloy 
coiled u n it; 2300- 
2400° F., con­
tro lled  b y  selec­
tiv e  transfo rm er.

Dual High Temperature CombustionsFD-104 Crucible Furnace FH-104 Crucible Furnace

FHS-232 carbon 
com bustion  fu r­
n a c e  e q u ip p e d  
w ith  No. 10 Alloy 
un its , good for 
2300° F .; selec­
tiv e  transform er 
contro l: tw o com ­
bustions a t one 
tim e.

C ham ber, 4 '  x 4 ':  
rh eo sta t and  tra n s ­
fo rm e r  c o n tr o l ;  
2000° F .; heavy
h e l ic a l  C h ro m e l  
un it; sam e uses as 
furnace a t  left.

H e a t i n g  c h a m b e r ,  
5 '  x 5 ';  line v o ltage ; 
r h e o s t a t i c  c o n t r o l ;  
1800° F .; useful for 
m elting  sm all experi­
m en ta l batches of 
m etal.

Type FA-120 
Fieldner Furnace

Low h ea t 475° F .: m edium  h e a t 600° F .;  high 
h ea t 750° F ., controlled th ro u g h  a  snap  sw itch ; 
uniform  heat d is trib u tio n . F u ll load 1.8 K .W .

D iam eter, 6 inches; sp ira l C hrom el u n it; even 
hea t d is trib u tio n ; 900° F .; has 6 ' cord; draw s 
500 w a tts .

U sed for dete rm in ing  
vo latile  c o n te n t o f coal. 
L ine voltage, rheostatic  
con tro l; C hrom el sling 
for crucib le; open top

HOSKINS PRODUCTS
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B R E N N E IS  
M IC R O  E L E C T R O L Y T IC  O U T F IT

Fo r id e n t if ic a t io n  
under the microscope 
of traces of m etals in 
volum es of liquid as 
sm all as a single  

droplet

Fig. 1.
Show ing view  looking dow n on top  

of B renneis E lec tro ly tic  Slide

w

Fig. 2.
Show ing long itud ina l cross-section 

of B renneis E lec tro ly tic  Slide

4786-F. '

MICRO ELECTROLYTIC OUTFIT, BRENNEIS. For identification under the  microscope of 
traces of m etals in  volum es of liquid as small as a single droplet. Consisting of B renneis Slide in case, 
w ith plane octagonal cover glass, and a self-contained M icro E lectro lytic Pow er U nit, range 0.4 to  7.4 
volts, which can be controlled w ithin 0.1 volt.

The Brenneis Slide is 75 mm long X 25 mm wide, of hard rubber, with raised glass platform 10 mm diameter containing 
three embedded platinum electrodes, each 0.1 mm diameter, arranged in triangular form, approximately 0.1 mm apart, insu­
lated from each other and finished so that they appear as tiny plates in the ground and polished surface of the platform —  see 
Fig. 1 and Fig. 2 above. Each electrode pole has a separate terminal mounted at the edge of the slide. The electrode plat­
form is provided with an adjustable annular collar of hard rubber, top of which can be raised above the level of the platform 
and covered with a cover glass to form a moist chamber.

Electrolysis causes a color change at the electrode, which change is readily observed under the microscope with low power 
magnification. The third terminal is for checking the electrolytic reaction by comparison in accordance with the author’s 
technique. See J. Brenneis, Mikrochemie IX  (19SJ), p. SS5, and Friedrich Emich, “Microchemical Laboratory M anual” 
{translated by Frank Schneider, New York, 1982), p. Ą6.

The Power Unit, which was specially designed for use with the Brenneis Slide, consists of a metal case 5 X 4 X 3  inches 
high, on rubber feet, containing a direct current voltmeter, range 0 to 10 volts in 0.2 volt divisions, a rheostat with adjusting 
knob, a five-cell, 7.5-volt “¿ ’’ battery for power supply, terminals for battery connections and output, switch to reverse 
polarity and "on-off” switch. By changing the leads to the various terminals of the battery, the following voltage ranges be­
come available: 0.4 to 1.4,1 to 2 .9 ,1 .5  to 4.4, 2 to 5.8, and 2.4 to 7.4.

The Brenneis Slide can be used with ordinary storage battery or other source of direct current with suitable resistance and 
voltmeter, but the power unit included herewith is convenient in that it is portable and can be placed alongside the micro­
scope for observation of voltage changes simply by shifting the eyes.

4786-F. M icro E lectro ly tic O utfit, B renneis, com plete, as above described, consisting  of B renneis Slide in p lush-lined  case w ith  cover glass, and  
M icro E lec tro ly tic  Pow er U n it w ith  connecting  leads. W ith  de ta iled  directions for u s e ......................................................................... $53.50

4786-G. E lectrolytic S lide, B renneis, only, w ith  octagonal cover glass, in plush-lined case b u t w ithou t connecting  leads or pow er u n i t ..............$27.00

4786-H . Pow er Unit, M icro E lectrolytic, A. H . T. Co. Specification, only as supplied  w ith 4786-F. R ange 0.4 to  7.4 volts in  0.2 v o lt divisions.
Com plete w ith  b a tte ry  an d  connecting leads 13 inches long for a tta c h m e n t to  B renneis S lide ........................................................................$26.50

ARTHUR H. THOMAS COMPANY
R E T A IL  — W H O LE SA LE  —  E X P O R T

LABORATORY APPARATUS AND REAGENTS
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A Vacuum Sublimation and Molecular 
Distillation Apparatus

BYRON R IEG EL, JOHN BEISW AN G ER , AND GEORGE LANZL, N orth w estern  U niversity , E van ston , 111.

A m olecu lar d istilla tio n  and  vacu u m  su b ­
lim a tio n  apparatus, for laboratory u se , con ­
sists  o f  a m an ifo ld  m a in ta in ed  a t 10“5 m m . 
and an  auxiliary d egassing  lin e . T h e m a n i­
fold  is  equipped  w ith  tw elve ground-glass  
op en in gs o f  various sizes for u se  w ith  d if­
feren t types and  sizes o f  s tills . A descrip­
tion  o f  som e o f  th e  s tills  is in c lud ed .

INVESTIGATIONS with compounds of high molecular 
weight, such as steroids and carcenogenic hydrocarbons, led 

to the construction of a molecular distillation and vacuum 
sublimation apparatus for purposes of purification and 
separation. To minimize the time necessary to accomplish 
these operations, an apparatus was desired which would 
embody the following features: (1) immediate availability 
of a high vacuum to a number of operators; (2) distillation and 
sublimation apparatus useful for macro to micro quantities; 
(3) arrangement of the apparatus so that the distillations 
or sublimations could be started or stopped at will; (4) 
preservation of products in case of mechanical failure of the 
system; (5) continuous operation of the system with a 
minimum of attention; and (6) electrically heated stills 
that would require little or no attention. To fulfill these 
needs the apparatus shown in Figures 1 and 2 was con­
structed.

This apparatus consists primarily of two vacuum lines, the 
manifold which is maintained at a free air pressure of 10-6 mm. 
(McLeod gage), and the exhaust line which is maintained at 
10“3 mm. The exhaust line serves not only to complete the 
degassing of the distilland, but also to effect partial evacuation 
of the still which then may be connected to the manifold without 
allowing an appreciable rise in pressure. The introduction of a 
new distillation unit does not, therefore, impair the efficiency 
of the distillations already in progress. Twelve standard-taper 
ground-glass outlets are placed along the manifold at intervals 
of 20 cm. Between the manifold and each outlet are placed 
wide-bore stopcocks (Eck and Krebs No. 5064), whereas stop­
cocks of narrower bore (Eck and Krebs No. 5096) connect each 
outlet with the exhaust line. These are arranged as shown in 
Figures 3 and 4.

Stopcocks of varying sizes are used. The necessity for this 
arises from the variation in size of the ground-glass outlets which, 
in turn, is determined by the design and size of the stills em­
ployed. The two largest outlets (size 24/40, stopcock 10 mm.)

occupy the center positions on the manifold and thus are nearest 
the source of vacuum. The two outlets on either side of these 
are somewhat smaller (size 19/38, stopcock 8 mm.), whereas the 
smallest outlets (size 14/35, stopcock 6 mm.) occupy the three 
positions at each end (Figure 2). The stopcocks between the 
outlet and exhaust are all of the same size (4 mm.). Each outlet 
is provided with a ground-glass plug which serves to prevent 
exposure to the atmosphere and dust when not in use.

For construction of the manifold, 40-mm. Pyrex tubing is 
employed, whereas the exhaust line is constructed of 10-mm. 
tubing. The assembly of the apparatus is facilitated by con­
structing it in two halves, which are connected after being 
mounted on the rack. In this way the possibility of strain is 
diminished.

The low pressure in the manifold is maintained by an all- 
steel mercury diffusion pump (Cenco Supervac) and a motor- 
driven backing pump (Cenco Pressovac). A dry ice trap be­
tween the pumps and the manifold prevents condensable gases 
from entering the pumps and mercury vapors from entering the 
manifold. A stopcock (Eck and Krebs No. 5044, 15 mm.) 
between the mercury diffusion pump and the backing pump 
allows maintenance of the vacuum, even though the pumps are 
stopped. Para-rubber tape (Cenco) has proved effective for 
metal-to-glass seals on the pumps and stopcock.

At one end of the manifold is a McLeod gage, protected by a 
dry ice trap. This gage has been employed for convenience, and 
does not represent the real pressure of residual vapors in the 
distillation units. It does, however, record air leakage accurately 
and give a valuable indication of vacuum-tightness. The true 
pressure of residual vapors could be measured by the use of a 
Pirani gage attached to the still with a suitable ground-glass 
joint.

An ordinary rotary pump (Cenco Hyvac) has proved adequate 
for the maintenance of the low pressure in the exhaust line. 
This line is likewise provided with a McLeod gage for which 
a trap is unnecessary, since the pressure reading is of secondary 
importance, serving only to indicate when the substance to be 
distilled has been degassed and the still evacuated.

The rack upon which the apparatus is mounted is constructed 
3.75 X 3.75 X 0.3 cm. (1.5 X 1.5 X 0.125 inch) channel iron 
welded at the comers. The uprights, upon which the manifold, 
exhaust line, heaters, stills, McLeod gages, and traps are clamped, 
are 1.25-cm. (0.5-inph) rods mounted 20 cm. apart and bolted 
to the main frame. In order that the traps may be accessible, 
no upright is placed in the center (Figures 1 and 2). The rack 
is mounted 28 cm. from the wall in order to furnish room for a 
shelf upon which the pumps are placed.

H eaters
To provide a constant and easily adjustable source of heat, 

without use of an oil or metal bath, electrically heated air baths 
were constructed. These consist primarily of an asbestos- 
covered can and lid provided with a Nichrome heating element 
and a supporting clamp. The dimensions of each heater are 
determined by the size of the still for which it is to  be used. The 
heating element consists of Nichrome resistance wire (No. 28),
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F ig u r e  1. M o l e c u l a r  D ist il l a t io n  a n d  V a c u u m  S u b l im a t io n  A p p a r a t u s

one half of which is coiled. A length is chosen (3 meters) which 
gives about 300 watts at 110 volts. The coiled end of the wire 
is fastened at A  (Figure 5) and the coil is distributed over the 
bottom of the can. The remainder of the wire is threaded 
through a hole at B. Portion C is insulated with asbestos, 
after which the remainder of the wire is coiled around the out­
side of the can. The outside coils are covered with asbestos, 
whereas the inner coils are covered with a thin layer of alundum 
cement. A porcelain washer at B  serves to insulate the wire. 
The terminals at A  and D consist of a brass bolt and several 
brass nuts insulated with mica washers. Porcelain insulators 
could also have been used. After the asbestos has dried it is 
coated with water glass to retard abrasion.

The heater support consists of two parts: a brass bracket, 
E, riveted to the can, and a brass rod, F, with a vertical hole 
drilled so that E  fitted tightly inside it. A brass or iron rod, G, 
is fastened securely to F with a set screw. The heaters are sup­
ported by clamping G to the uprights with standard clamp 
holders. Figure 4 shows a still and heater in operation.

T em perature C ontrol and M easurem ent
The temperature adjustment of the distillations is accom­

plished by the use of autotransformers (General Radio Co., 
Variac, Type 200-CU). These, provided with switches and 
pilot lights, are mounted on a panel board placed near the dis­
tillation apparatus. A complete wiring diagram is shown in 
Figure 6. Fuses (5 amperes) protect the Variacs from any 
overload resulting from failure of the heaters. The leads from 
the panel board to the heater outlets are placed in the channel 
of the bottom crosspiece of the main rack. The outlets, which 
are standard lamp type, are bolted to the frame, as shown in 
Figure 2. The heaters provided with suitable plug and cord can 
be used interchangeably at any of the twelve outlets.

A Leeds & Northrup potentiometer type temperature in­
dicator (No. 8674-BC) assures temperature measurements 
accurate to 2° C. within a range of 0° to 400° C. Each heater 
cover is provided with an opening into which may be inserted 
an iron-constantan thermocouple encased in a glass tube.

F i g u r e  2 . D ia g r a m  o f  A p p a r a t u s
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pumps, thus preserving the products being distilled arid preventing the pumps 
from suffering any damage.

The maximum current required for the entire apparatus is 45 amperes. To 
prevent overload of the supply circuit, this total load is divided between three 
110-volt circuits having a maximum capacity of 15 amperes each. At a later 
date it is planned to transfer this load to a 220-volt three-phase circuit. The 
current for the entire apparatus passes through a magnetic switch (General Elec­
tric CR 2811 C21 BB Catalog No. 6,938,875 BB2) which is actuated by a push­
button type switch (General Electric CR 2943-A200A start-stop). A normally 
closed relay (General Electric CR 2811-C9A Catalog No. 4,980,696 G2) is con­
nected in series with the holding current of the magnetic switch. When a 
current is allowed to pass through the relay coil, the load circuit of the relay 
and the holding circuit of the magnetic switch are broken; the magnetic switch 
then drops, breaking the current to the heaters and pumps. The safety de­
vices are connected so that in case of failure of the system they allow a cur­
rent to flow in the relay coil.

The safety device which operates in case of vacuum failure consists of a 
mercury manometer with two sealed-in leads. This is placed beside the McLeod

gage, so that the dry ice trap will prevent 
mercury vapor from entering the manifold.

The safety device which operates in case of 
failure of the water through the condenser of 
the mercury diffusion pump consists of a iner- 
cury-filled flowmeter type of apparatus. The 
leads are arranged so that they are not con­
nected as long as sufficient water flows. Should 
this not be the case, however, the two leads 
ure connected by the mercury, thus closing the 
circuit, which again allows the current to flow 
through the relay coil. A simple and con­
venient device of this type was designed by 
Romeo W. Goulcy (.'?).

A switch is provided to break the safety 
circuit whenever it is desired to start the sys­
tem. A pilot light indicates whether or not 
the safety devices are in operation. The mag­
netic switch, the push-button switch, the re­
lay, the safety switch, and pilot lights are 
mounted on the panel board (Figure I).

F R O N T  V I E W Types o f S tills

F ig u r e  3 . A r r a n g e m e n t  o f  Stopcocks a n d  Ou t l e t s

The temperature indicator is placed on the panel with the 
Variacs. The thermocouple leads, from the panel to the heaters., 
are fastened along the length of the 
exhaust line.

S afety  Devices
Since m any of the distilla­

tions and sublim ations are al­
lowed to run a day or more 
w ithout attention , it  seemed 
advisable to provide for the 
preservation of the products in 
case of failure of the system .
Operation of the system  could 
be interrupted in  tw o ways:
(1) distillation of the mercury 
from the diffusion pump into  
the backing pump and into the 
trap, owing to an inadequate 
water supply in the condenser;
(2) breaking of the vacuum  by  
m echanical failure of the back­
ing pum p, by  developm ent of 
cracks in  the glass system  or 
by sudden leakage of one of the 
stopcocks.

T he safety  devices were ar­
ranged so that th ey  would  
interrupt the current to the 
heaters and to the vacuum

The flexibility of the apparatus allows the 
use of various types and sizes of stills and 
sublimation apparatus. Figure 7 shows an  
im proved type of still which uses a  cold- 

finger condenser inserted into the distilling flask by  m eans 
of a T  joint.

F i g u r e  4 . S t i l l  a n d  H e a t e r  A r r a n g e d  f o r  O p e r a t i o n



The cold finger is provided with a drip tip which allows the 
distillate to drop into an internal receiver. Air, water, or steam  
may be circulated through the cold finger, depending upon the 
viscosity and stability of the material being distilled. During 
the process of degassing, the drip tip is turned away from the 
receiver, so that the distilland may reflux and in this way ensure 
complete removal of dissolved or occluded gases, after which the 
condenser can be rotated so that the drip tip is over the receiver 
without breaking the vacuum or interrupting the heating. 
Thus, mild bumping during the degassing process causes no 
trouble. The receiving flasks are also provided with f  joints 
which allow ready interchangeability if fractionation is desired. 
A third f  joint of suitable size serves to connect the still to the 
evacuating apparatus. Stills with capacities varying between 
1 and 15 ml. have been constructed.

A small modified retort (Figure 8, A ) has proved adequate for 
the purification of small amounts of viscous material. This 
still is used together with a Z-tube (Figure 8, B). The Z-tube 
is placed between the still and the vacuum system and prevents 
the escape of any of the distillate w'hich normally collects in 
the small bulb midway between the flask and the joint. It 
also allows the retort to be adjusted to any desired angle from 
the horizontal. Removal of the distillate is accomplished by 
inverting the distillation tube in a small flask filled with a suit­
able solvent. These are then placed in a desiccator and partially 
evacuated; when the desiccator is opened the increase in pressure 
forces the solvent to rise into the bulb containing the distillate. 
This washing may be repeated as often as necessary. A micro 
filter bell may be substituted for the vacuum dcsiccator.

A type of still applicable for sublimation of small quantities 
of material is shown in Figure 9. A small well at the bottom  
of the still concentrates the sublimate at the bottom of the 
cold finger, preventing condensation on the outside walls of the 
still and on the upper part of the condenser.

M any of the stills and sublim ation apparatus described 
in the literature (1 , 2, 4) m ay be adapted for use w ith  this 
apparatus when provided w ith a T  joint of suitable size.

C Q VER

S C R E W /

F ig u r e  5. D e t a il s  op H e a t e r  A ssem b ly
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F ig u r e  8. S t i l l  f o r  S m a l l  A m o u n ts  o f  
V i s c o u s  M a t e r i a l  (.4) a n d  Z -T u b e  (B )

T he apparatus has been in  continuous operation for the 
past year in  th is laboratory. D uring th is period a number 
of compounds of high molecular w eight, such as cholestenone, 
dehydroandrosterone, m ethyl 6-methoxy-6is7ior-i-cholenate, 
3 '-alkyl substituted  cyclopentenophenanthrenes, and /3- 
keto adipic ester, have been purified b y  sublim ation and 
distillation. A  number of separations such as vitam in K t 
from alfalfa leaf m eal oil and testosterone propionate from 
sesame oil, have been made. T he latter was a commercial

preparation from which 92 per cent of the desired compound 
was obtained in a perfectly pure state. D uring this period 
i t  has been found advantageous to clean the traps and re­
grease the stopcocks approxim ately every 2 m onths. The 
mercury in the condensation pumps becom es only slightly  
fouled. T he lines, however, have remained com pletely

F ig u r e  7. Im pr o v e d  T y pe  of M o l e c u l a r  St il l

T he T  joints on the stills described in this paper have 
been attached so th at the d istillates cannot becom e con­
tam inated with the lubricant on the joint. A  heavy vacuum  
grease w ith a rubber base has been used on the ground-glass 
joints which becom e warm and a lighter grease of the sam e 
type has been used on the stopcocks.

F ig u r e  9. S u b lim a t io n  A p p a r a t u s  
U s e f u l  fo r  S m all  A m o u n ts

free of contam ination. B y  reducing the vibration of the 
backing pumps it  has been found th at the para-rubber con­
nections last alm ost indefinitely. The frequent and success­
ful use of this apparatus by a number of operators has justified 
the effort and expense of construction.
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A Viscometric Method for Determining Free 
Menthol in Peppermint Oil

LYLE JAM ES SW IFT AND M . H . THORNTON  
P urdue U n iversity  A gricu ltural E xperim ent S ta tio n , L a fayette , Ind .

SIN C E  the im portation of m enthol from the Far E ast has 
been cut off by the war, it  has becom e necessary to turn 

to  American pepperm int oil as a source. Form erly American 
oil was used only as a flavoring agent and in medicine, and  
so was bought on the basis of odor, taste, and appearance. 
N ow , however, if it  is to be processed for m enthol its purchase 
price should depend on m enthol content and there should  
be a rapid and reasonably accurate m ethod for m enthol 
assay. Since the U nited States Pharmacopoeia m ethod  
(5) requires rather more equipm ent and tim e than are usually  
at the disposal of the buyer, a short viscom etric m ethod  
which is applicable to  fresh or well-preserved oils has been  
developed. Dowzard (8) suggested viscosity measurem ents 
as a m eans of testing the iden tity  and purity of volatile oils, 
but did not use it  as a m eans of determ ining m enthol in 
peppermint oils.

Pepperm int oil is composed principally of m enthol, m enthyl 
esters, m enthone, and hydrocarbons, all of which have ap­
proxim ately the sam e molecular w eight and which, if only  
molecular w eight were considered, m ight be expected to have 
about the sam e effect on the v iscosity  of the oil. H owever, 
since m enthol is an alcohol, its hydroxyl group gives it an  
exalted v iscosity , and consequently th is property of the oil 
should depend to a great extent upon the am ount of m enthol 
present.

T a b l e  I. C o m p a r i s o n  o f  V i s c o s i t i e s  o p  t h e  P r i n c i p a l  
C o n s t i t u e n t s  o f  P e p p e r m i n t  O i l

Seconds

M entho l 1077.2
M en thone  151.8
M en th y l a ce ta te  210 .4

E xperim ental

W hen m enthol, m enthone, and m enthyl acetate were 
allowed to drain from an Ostwald pipet a t 50° C., the results 
shown in  Table I  were obtained. A  sam ple of 3 m l. was used 
for each determ ination.

T hus it  appeared th at the concentration of free m enthol 
m ight govern the v iscosity of pepperm int oils, especially  
since this compound, together w ith m enthone and m enthyl 
esters, constitutes by far the greater part of the whole oil. 
T his was tested  w ith oils whose com positions were adjusted  
b y  additions of the pure substances. T he results, all a t 
30° C., are given  in Table II.

I t  w ill be noted from Table II  th a t oils A, B , and E  had  
approxim ately the sam e com position and did not differ 
markedly in  v iscosity as evidenced b y  tim e of drainage of the 
pipet. Since the densities of pepperm int oils vary but little, 
viscosities were considered as proportional to tim es of drain­
age. T he viscosity of oil H  was m uch lower than th at of oils
A, B , and E , though this oil differed from them  substantially  
only in its free m enthol content. Thus the profound effect 
of a sm all am ount of free m enthol on the total v iscosity  was 
dem onstrated.

Oils B , C, and D  illustrate the influence of varying am ounts 
of m enthone. Substantial changes in the concentration of 
this constituent influenced the v iscosity  only slightly. Since 
the variation in m enthone content of the whole natural oils 
is well w ithin the range represented in  these data, the  
m enthone effect can be neglected.

Oils E , F , and G show the effect of different ester contents. 
T he results indicated that esters have a slightly greater 
effect on the v iscosity  than does m enthone. H ow ever, these  
oils cover a range of ester concentration m uch greater than  
that found in  natural oils. Therefore, the slight effect on the  
viscosity  caused by  the relatively sm all variation in  ester 
content in  natural oils m ay be ignored.

In  order to calibrate the pipet and establish  a basic ref­
erence curve for analytical purposes, a  sam ple of pepperm int

T a b l e  II. E f f e c t  o f  C o m p o s i t i o n  o f  O i l  o n  V i s c o s i t y

-C om position of Oil--------------- - T im e of
F ree D ra inage

Oil m entho l E s te rs M enthone a t  30° C.
% % % Sec.

A 46 .55 4 .9 5 3 2 .0 0 46 9 .2
B 46 .30 4 .9 7 3 2 .12 451 .6
C 46 .70 4 .9 8 2 4 .60 4 6 7 .6
D 46 .35 4 .9 5 4 5 .5 0 49 6 .4
E 46 .06 5 .0 0 3 0 .30 46 0 .2
F 4 6 .1 5 9 .2 2 3 0 .3 0 48 3 .4
G 46 .00 16.22 30 .30 49 1 .0
H 42 .29 4 .7 7 3 2 .9 2 41 7 .2

F i g u r e  1
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T a b l e  I I I .  A n a l y s i s  o f  P e p p e r m i n t  O i l s  b y  V i s c o m e t r i c  
M e t h o u

V iscom etric M ethod Différence
U n­ C hem ical betw een Vis-

V iscosity corrected , T u r­ C orrected , M cthod , com etric and
Oil Tim e free b id ity free F ree C hem ical
N o. a t  30° C. m enthol index m enthol M en tho l M ethods

Sec. % % % %
1 561 .6 5 7 .0 C 5 1 .7 4 9 .7 +  2 .0
2 3 94 .4 4 4 .5 A 4 1 .2 4 1 .1 + 0 .1
3 4 44 .2 4 9 .2 A 4 5 .9 4 6 .2 - 0 . 3
4 4 6 4 .0 5 0 .8 C 4 5 .5 4 7 .9 - 2 . 4
5 5 78 .4 5 8 .0 A 5 4 .7 5 5 .5 - 0 . 8
6 483 .6 52 .4 C 4 7 .1 4 7 .0 +  0 .1
7 583 .2 58 .3 C 5 3 .0 53.1 - 0 . 1
8 391 .0 4 4 .2 A 4 0 .9 4 0 .2 + 0 .7
9 505 .4 5 3 .5 A 50 .2 50 .3 - 0 . 1

10 564 .6 57 .2 C 5 1 .9 50 .3 +  1 .6
11 4 6 8 .0 51.1 A 4 7 .8 4 7 .3 +  0 .5
12 4 37 .6 4 8 .7 A 4 5 .4 4 5 .6 - 0 . 2
13 4 71 .8 5 1 .5 C 4 6 .2 4 4 .3 + 1 .9
14 476 .6 5 1 .8 A 4 8 .5 4 6 .7 +  1 .8
15 5 63 .0 57 .2 A 5 3 .9 5 5 .0 - 1 . 1
16 631 .0 6 0 .5 A 57 .2 5 9 .0 - 1 . 8
17 701 .0 6 3 .5 A 6 0 .2 5 9 .5 + 0 .7
18 681 .0 6 2 .5 A 5 9 .2 6 0 .8 - 1 . 6
19 385 .2 43 .7 C 3 8 .4 3 6 .9 +  1 .5
20 458 .4 50 .4 A 47 .1 4 6 .9 +  0 .2
21 451 .0 4 9 .7 A 4 6 .4 4 6 .1 +  0 .3
22 532 .6 55.1 A 5 1 .8 5 2 .6 - 0 . 8
23 4 2 5 .8 47 .7 A 4 4 .4 4 4 .7 - 0 . 3
24 477 .4 5 1 .8 A 4 8 .5 5 0 .8 - 2 . 3
25 426 .6 4 7 .6 A 4 4 .3 4 5 .6 - 1 . 3
26 385 .6 4 3 .7 A 4 0 .4 4 1 .8 - 1 . 4
27 3 79 .4 4 3 .4 A 40 .1 4 1 .2 - 1 . 1
28 434 .8 4 8 .4 C 43 .1 4 3 .0 +  0 .1
29 489 .6 5 2 .8 A 4 9 .5 51 .4 - 1 . 9
30 495 .0 53 .2 A 4 9 .9 4 9 .5 +  0 .4
31 506 .2 57 .3 A 54 .0 5 4 .0 0 .0

oil was distilled w ith steam . T he first quarter of the dis­
tillate, which was low in free m enthol (27.9 per cent), was 
adjusted b y  adding different am ounts of pure 1-m enthol to  
give a series of m ixtures covering a w ide range in concen­
tration of th is constituent. T he v iscosity  of each oil, ex­
pressed in  seconds, was measured a t 20°, 25°, and 30° C. in  
the sam e Ostwald pipet used in  the above experim ents.

W hen percentage of free m enthol w as p lotted  against v is­
cosity in  seconds, the regular curves shown in Figure 1 were 
obtained. H ow ever, when natural oils of known free m enthol 
content were allowed to drain from the p ipet a t one of the 
tem peratures used in  the calibration and the tim e applied to 
the appropriate curve, it  was found th at the corresponding 
free m enthol percentage obtained was som ew hat higher than  
the chemical value (Table III). T hus it  appeared that 
natural oils contained a varying am ount of som e substance 
other than m enthol which affected the v iscosity substantially. 
D eterm ination of resins showed th at these substances ac­
counted only in  part for the discrepancy.

T he interfering substance w as correlated w ith the insolu­
bility of the oil in a m ixture of equal parts by  volum e of 
m ethanol and 70 per cent ethanol. T he various degrees of 
turbidity produced when the oil was m ixed w ith four volum es 
of the solvent m ixture are very easily distinguished. T hey  
were designated b y  letters and to  each letter was assigned a 
numerical correction factor as follows:

T u rb id ity  D esignation  C orrection  F ac to r
A C lear to  opalescen t 3 .3
B C loudy 4 .5
C V ery  c loudy to  p a rtly  insoluble 5 .3

T he following formula indicates the use of these factors:

Apparent % free menthol from curve —
turbidity correction factor =  true % free menthol

T he m enthol contents of a  number of natural pepperm int 
oils were determ ined by  both  the viscom etric and chemical 
m ethods (Table I I I ) . T hese oils were from the 1941 crop 
but were stored in 4-ounce tins sealed a t the still. T he  
absence of color in these oils indicated th at they  were in

excellent condition. T he sam ples were measured directly  
from the tins into the Ostwald p ipet w ithout preliminary 
treatm ent of any kind.

T he results of the analysis of 31 different oils show reason­
ably good agreem ent betw een the chemical and viscom etric 
m ethods. T he greatest difference is 2.4 per cent free m enthol 
in the case of oil 4. H owever, m ost of the values are in  much 
closer agreem ent and the accuracy of the viscom etric method  
is sufficient to  give it w ide practical application.

D iscu ssion

T he viscom etric m ethod for the determ ination of free 
m enthol in peppermint oils was developed prim arily for use 
in the field. T he equipm ent required is sim ple and in­
expensive and can be used under conditions in which the 
chemical m ethod is im practicable. T he use of th is 
m ethod will effect a  great saving in tim e, since a determi­
nation of free m enthol can be m ade in  less than 20 m inutes. 
T he technique is easily acquired and a knowledge of chemis­
try on the part of the operator is not necessary. T he ac­
curacy of the m ethod is sufficient for field purposes and for 
m any applications in  the laboratory where extrem e accuracy 
is not essential. A  further advantage of the viscom etric 
m ethod is th a t a  free m enthol determ ination can be m ade 
on very sm all sam ples (2 to 3 m l.) of oil. T he sam ple can 
be recovered for other determ inations.

T his m ethod should facilitate work in  the breeding of 
m ints for high m enthol content, since the breeder will be able 
to m ake his ow n analyses. Since only sm all sam ples are 
required, the use of the viscom etric m ethod will m aterially  
lessen the number of plants to be grown before selections are 
m ade. T he rapidity w ith  which results can be obtained by  
the viscom etric m ethod should facilitate the m arketing of 
pepperm int oils on the basis of their free m enthol content.

T he m enthol content of the oil furnishes valuable informa­
tion concerning the proper tim e to harvest m int for m axim um  
m enthol yield  (4). In  the past it  has not been possible to  
analyze sufficient sam ples so that all growers could h ave the 
benefit of th is information. T he viscom etric m ethod, which 
is both  rapid and simple, should be of great help in solving  
th is problem.

T he application of the viscom etric m ethod is lim ited to 
fresh or well-preserved natural oils of normal com position. 
I t  is not applicable to oils of high resin content because the 
resins greatly increase the viscosity of the oil. However, 
the chemical m ethod also gives unreliable results when pre­
formed resin content is high (4) as well as when heating  
during saponification causes resinification to take place 
(.1, 2 ). T he viscom etric m ethod can be used only to deter­
m ine free m enthol. In  order to obtain total m enthol, it  is 
necessary to use the chemical m ethod for the determ ination  
of the ester value, but, in m any cases, a  determ ination of free 
m enthol gives all the information desired.

A ckn ow led gm en t

T he authors are indebted to N . K . E llis, of th e H orticulture 
D epartm ent, Purdue U niversity  Agricultural Experim ent 
Station, for the peppermint oil sam ples used in th is work. I t  
is largely due to his stim ulus th at this work was undertaken.
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Tliixotropic Behavior o f Oils
R UTH  N . W ELTM ANN  

In terch cm icn l C orporation , N ew  Y ork, N . Y.

Various types o f  o ils in  th e  viscosity  range  
o f 1 to  800 poises were m easured  on  a rota­
tion al v iscom eter capable o f  im p artin g  
shearing stresses over a w ide range. From  
th ese  o ils, flow curves were ob ta ined  ex­
tend ing  from  low  to  h igh  rates o f  shear. 
A ll th ese  oils show ed a  defin ite tliixotrop ic  
behavior and exh ib ited  a ll th e  characteris­
tics  o f  tliixotrop ic p lastics above a certain

rate  o f  shear d esignated  as “ th e lim itin g  
rate  o f  sh ear” . B elow  th is  critica l p o in t  
th e  oils behaved lik e  true N ew ton ian  
liq u id s, sh ow in g  no  signs o f  tliixotrop ic  
stru ctu re. T h e lim itin g  rates o f  shear  
were found  to  be related  to  th e  m easured  
true N ew ton ian  v iscosities o f  th e  o ils. T he  
prod uct o f l im it in g  rate  o f  shear and  vis­
cosity  was a co n sta n t for a ll th e  oils tested .

OIL S have been generally assum ed to be true N ewtonian  
liquids, even to  the extent th at industrial laboratories are 

satisfied to determ ine the v iscosity of an oil by  a one-point 
measurement. I t  has been suggested by  som e workers in the  
field that certain oils exhibit a pseudoplastic characteristic.

E xtensive studies in th is laboratory have shown that 
the m any different oils investi­
gated are not pseudoplastics 
but are true N ew tonian liquids 
for a lim ited range of rate of 
shear and behave, beyond the 
lim ited range, a t least for the  
heavier oils, like thixotropic 
plastics.

In  the literature (2, 9) thixot- 
ropy is defined as an isothermal 
gel-sol-gel transformation. Thixo­
tropic behavior does not require a  
com plete transformation; it  is con­
sidered a sufficient condition for 
the presence of thixotropy th at a 
material changes its  p lastic viscosity  
from a higher to a lower value as a 
result o f mechanical agitation and 
regains its original high viscosity  
upon rest. H owever, the thixo­
tropic characteristic of a material 
is also a function of tim e, which 
means th a t the v iscosity of the 
thixotropic material depends not 
only on previous mechanical agita­
tion but also on the tim e period dur­
ing which the material has been  
subjected to such mechanical agita­
tion.

Thixotropy is found in paints (8 ,
1 0 ,1 1 ), where it  often proves to be 
useful, in bentonite suspensions (7), 
in  gelatin sols (S), in  iron oxide 
sols (13), and in printing inks (3).
L ittle or no reference has been made 
to  the thixotropy of oils. This 
thixotropic characteristic of oils 
probably has not been recog­
nized because m ost instruments 
used for v iscosity measurements 
have not perm itted the applica­

tion of sufficiently high rates of shear, or only one-point v is­
cosity determ inations have usually been performed, and  
these are insufficient to show thixotropy. T he rotational 
viscom eter developed in th is laboratory, described by  Green
(3), was well suited for studying the thixotropic behavior 
of oils.

In stru m en t
The viscometer has played an 

important part in obtaining the re­
sults reported below. I t  is built on 
the rotational principle, where the 
cup is rotated at various speeds and 
the bob is stationary, being suspended 
from a helical spring. The torsional 
modulus of this spring is calibrated 
by weights. Various springs are used 
to cover a wider range of viscosity 
measurements. The dimensions of 
the cup and the bob have been 
chosen to minimize the effect of plug 
flow and turbulence. A lid on the 
cup prevents the oils from climbing 
up the shaft of the bob and from 
being thrown out of the cup at higher 
rates of shear. N o “channeling” 
could be evidenced, provided the 
bob was perfectly in center with the 
cup. The end effect introduced by 
the bottom of the bob is about 2 
per cent of the whole shearing effect 
and therefore can be disregarded in 
calculating viscosities and yield values. 
A constant temperature bath keeps 
the temperature of the material to 
be investigated within ± 0 .2 °  C.

Flow  Curves
T he viscosities and the yield  

values of the different m aterials 
are obtained from flow curves, 
found b y  plotting the number of 
revolutions per m inute as a function  
of the resulting torque. In  the  
process of getting such flow curves, 
the speed of the cup is changed 
and the corresponding deflection  
of the bob, a measure of the  
torque, is marked down. I t  is 
understood th at the am ount of de- 
f l e c t i o n  d e p e n d s  u p o n  
the angular velocity  of the cup. 
Since the angular velocities or

F i g u r e  1 . F l o w  C u r v e s

U pper. A .  N on  th ixo trop ic  t ru e  N ew ton ian  
liquid

B . T h ixo trop ic  tru e  N ew ton ian  
C en ter . A .  N on th ixo trop ic  p lastic  

B . T h ixo trop ic  p lastic  
Low er. A .  N on th ixo trop ic  pseudoplastic  

B . T h ixo trop ic  pseudoplastic

424
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the revolutions per m inute are proportional to the rate 
of shear or to the velocity  gradient, in the flow curve diagram, 
the revolutions per m inute of the ordinate m ay be replaced  
b y  a rate of shear ordinate. T he relationship betw een the 
revolutions per m inute (r. p. m.) and velocity  gradient or 
rate of shear (d v /d r ) in sec.-1 for a rotational instrum ent is

1 r. p. m. =  60 rViSdv/dr (1)

where r is any radius between the cup and the bob, h is the 
immersed height of the bob, and S  is an instrumental constant 
equal to

(1 /R ’ -  1 /R l) /4 * h  

where Re is the radius of the cup and lit, is the radius of the bob.

F ig u r e  2. S c h e m a tic  C u r v e  Snowr- 
in g  C h a n g e  in  P l a s t i c  V is c o s i t y  
w i t h  T o p  R. P . M. f o r  T h ix o t r o p ic  

P l a s t i c

T he m ean rate of shear can be calculated for a given r. p. m. 
by substituting a m ean radius in E quation  1. T hen the  
equation for the m ean rate of shear expressed in reciprocal 
seconds is

dv/dr — 4 r. p. m ./60 hS (Rc +  /?*)2 (2)

Though the m easurem ents were m ade w ith cups and bobs 
of various sizes, the reported revolutions per m inute were 
recalculated for a cup of 1.5-cm. radius and a bob of 1.3-cm. 
radius and 5.1-cm . immersed height. Then, the relationship  
betw een th e  revolutions per m inute and the m ean velocity  
gradient or the m ean rate of shear (dv/dr) in sec .-1 is

1 r. p. m. =  1.36 (dv/dr) (3)

T he torque, also called the shearing stress, m ay be ex­
pressed in  dynes-centim eter, a value which can be obtained  
b y  m ultiplying th e deflection by  the torsional constant of 
the helical spring.

Flow curves are obtained b y  increasing the rates of shear 
to  any desired maximum value and then decreasing them  
until the starting value is reached. Following th is pro­
cedure hysteresis loops (3, 6, 8, 10) are obtained for thixo­
tropic materials, while in  nonthixotropic m aterials the up- and 
downcurves coincide. In  Figure 1 six typical flow curves 
are shown. A  (upper) is representative of a  nonthixotropic 
true N ew tonian liquid; the up- and downcurves coincide 
and form a straight line passing through the point of origin. 
B  (upper) is representative of a  thixotropic liquid; its upcurve 
has a continuous curvature, while its downcurve is again a 
straight line passing through the point of origin. A  and B  
(center) are comparable to  A  and B  (upper), but are obtained  
from true plastic m aterials and are representative o f such  
substances. T he downcurve of a true plastic material has a 
large linear portion, bu t a t lower rates of shear show's a de­

velopm ent of som e curvature, explained (1, 4 , 12) as caused  
by plug flow. Experim ental data have been given by Green 
(8). However, the curvature in m ost cases where pigm ent 
suspensions and oils were investigated  shows a greater ex­
tension than would be expected from plug flow. T his ex­
tended curvature a t lower rates of shear is believed to be 
caused m ostly b y  thixotropy. T he plastic viscosities and 
the yield values relating to  the straight portion of the down­
curve m ay be obtained from Reiner’s equation as follows:

U  =  T ~ . TJ  s  (4)
03

f  =  TtC  (5)

where U  is the plastic viscosity in poises and T  is the torsion in 
dynes-centimeter. 1 \  is the torsion corresponding to the inter­
cept which is obtained by extending the straight portion of the 
flow curve to the torsion axis, w is the angular velocity, /  is the 
yield value in dynes per square centimeter, and C is an instru­
mental constant equal to S /ln (R c/Rb).

A  (Figure 1, center) represents a  flow curve obtained from
a nonthixotropic true plastic, and it is characterized by  the
fact that the up- and downcurves coincide. T he criterion  
of any plastic is the presence of an intercept of th e downcurve 
with the torsion axis, indicating the existence of yield  value. 
B  (center) is a  flow curve obtained from a thixotropic true  
plastic, where the upcurve has a curvature throughout all 
rates of shear and does n ot coincide w ith the downcurve.

F inally  (Figure 1, lower) tw o flow curves are shown, ob­
tained from pseudoplastic materials. A  represents a non­
thixotropic and B  a thixotropic material. Such pseudo­
plastic flow curves are characterized by the fact th a t even  
their downcurves have a curvature throughout all speeds.

T hixotropy o f  Oils
A ny thixotropic plastic will show a v iscosity which depends 

upon the highest rate of shear to which the material has been  
subjected before starting on the downcurve. T hese down­
curves are always found to  be straight lines, thus indicating  
a stable condition. T his stable condition has been termed  
thixotropic level by Green (S) and can be identified by its 
top rate of shear or top r. p. m .

F ig u r e  3 . F lo w  C u r v e s
H ysteresis  loops ob ta in ed  for th ixo ­
trop ic  p lastic  m easured  to  top  r. p. m. 

of (A) 100, (B ) 200

T he correlation found betw een the plastic v iscosity  and 
the respective top rate of shear or top r. p. m. is shown in 
Figure 2, drawTi schem atically according to  an equation given  
in  another paper (5 ):

U =  In (K /r . p. m.*)/m (6)

where 2 /m , also designated as M , is the coefficient of thixo­
tropic breakdown and is defined as the loss in  shearing force
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T a b l e  I . L im it in g  R a t e s  o f  S h e a r  f o r  O il s  o f  V a r y in g  V isc o sity
(F ig u r e  4)

(T em peratu re  co n stan t, 30° C.)
L im iting V iscosity X

Viscosity R evolutions L im iting 1 /L im iting L im iting
(T rue per M inu te R a tes  of R ates  of R a tes  of

Oils N ew tonian) (R P M ) Shear Shear Shear
Poises S e c ." ' Sec. D ynes/sq . cm.

M ineral oil° 780 12 9 .0 0 .113 6900
Isobu ty lene  oil 770 12 9 .0 0 .113 6800
Linseed oil (low acid) 3S0 25 18.4 0 .054 7000
Linseed oil 250 38 2 8 .0 0 .036 7000
Isobu ty lene oil 180 52 38 .3 0 .026 6800
Linseed oil 125 75 5 5 .5 0 .018 6800
Linseed oil 115 81 59 .8 0 .017 6800
Esso lu b rican t 3000 103 95 7 0 .0 0.014 7200
M ineral oil and  gum

varn ish 72 135 100 0 .010 7100
Linseed oil 48 205 151 0.007 7200
M ineral oil 31 310 228 0.004 7100
M ineral oil 30 315 231 0 .004 6900
Isobu ty lene  oil 23 405 298 0 .003 6800
M ineral oil 21 455 335 0 .003 7000
M ineral oil° 20 490 360 0.003 7200
M ineral oil 19 500 370 0.003 7000
Linseed oil 16 580 430 0.002 6800
Linseed oil*» 10 725 532
C asto r oili> 4 1450 1070
M ineral oil ̂ 3 1450 1070
Isobu ty lene  oil& 1 1450 1070
M ineral oil (m edical) b 1 1450 1070

a S tan d a rd  v iscosity  oils supplied  by  N a tio n a l B ureau  of S tan d ard s  as refined m ineral oil. 
6 Since, owing to  in s tru m en t lim ita tions, lim iting  ra te s  of shear could n o t be reached, 

m axim um  R P M  and  ra te s  of sh ea r to  w hich oils could be m easured  a re  ta b u la ted . A t 
these  ra te s  of shear, below lim iting  ra te s  of shear, oils s till behave like tru e  N ew tonian  
liquids.

investigated in this laboratory is their ap­
parent normal behavior (true N ew tonian) up 
to  a  certain rate of shear. Only above this 
rate of shear, which will be called the “lim it­
ing rate of shear”, does the thixotropic be­
havior of oils become apparent. T his limiting 
rate of shear is not a fixed value but de­
pends essentially upon the v iscosity  of the oil 
measured in its  true N ew tonian region. These  
lim iting rates of shear, even for h ighly viscous 
oils, are so high th at m ost standard m ethods 
of measuring viscosities of oils did not permit 
using sufficiently high rates of shear to detect 
thixotropy. T hese lim iting rates of shear are 
not very sharply defined, but approxim ate 
values are given in  Table I for various 
oils. Figure 4 shows the reciprocal of the  
lim iting rates of shear p lotted  as a function  
of their true N ew tonian viscosities. T his rela­
tionship is linear, indicated by  the straight 
line.

T his indicates th at only at extrem ely large 
finite values of the v iscosity  will the lim iting  
rate of shear approach zero. On the other 
hand, oils of extrem ely low viscosity, below 1 

_  poise, m ay have a very high value of lim iting
rate of shear— indeed, a value so high th at it 
m ay approach infinity. Though it has not 

been possible to  determ ine the lim iting rate of shear value  
for oils of low N ew tonian viscosities because of lim itations 
imposed b y  the viscom eter, it m ay very  well be th at all 
oils are thixotropic.

T he force (torque) acting between two adjacent layers of 
the oil is equal to  the product of v iscosity  and rate of shear. 
T his product for the lim iting rate of shear was found to be  
approxim ately constant for all oils (Table I) if the measure­
m ents were performed by  increasing the rates of shear (or 
r. p. m.) very fast and by im m ediately decreasing them  w ithout 
waiting a t the top r. p. m. T he shearing force acting between

C u r v e  S h o w in g  
w it h  C h a n g e  i n

F ig u r e  5. E x p e r im e n t a l  
C h a n g e  o f  P l a s t i c  V is c o s i t y  

T o p  R. P. M.

tru e

F ig u r e  4 . C h a n g e  o f  R ec ipr o c a l s  of L im itin g  
R ate  o f  S h e a r  w it h  T r u e  N e w t o n ia n  V isc o sit ie s  

o f  O ils

per unit area per unit increase in velocity  gradient, and K  is 
an integration constant and is constant for each material.

W hen flow properties of thixotropic m aterials are in­
vestigated, a relationship is found between the intercept on 
the torque axis and the respective top rate of shear. In m ost 
cases the intercept increases w ith an increase in top rate of 
shear or top r. p. m ., which is shown in Figure 3 schem atically. 
T his subject will be treated in more detail b y  H . Green and 
the author in a subsequent paper.

T he flow curves obtained from the oils seem  to  be a com­
bination between A  (Figure 1, upper) and B  (Figure 1, center). 
T he outstanding fact concerning the oils which have been
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T a b l e  I I .  V i s c o s i t i e s  o f  H e a v y  M i n e r a l  O il

T op  R ates  
of Shear 
Sec. _1

T op  R. P . M.
Plastic

Viscosity
Poises

T orque 
In te rc ep t 

D ynes cm.

A. P las tic  viscosities and  in te rcep ts  a t  various th ixo trop ic  levels, 
p e ra tu re  co n stan t, 30° C.

T em -

83
150
222
290
365
440
515

112
205
302
393
495
595
700

665
538
402
316
250
197
150

1 .0  X 105 
6 .7

14 .5
2 0 .5
2 4 .0
28 .0  
3 1 .0

T rue  N ew tonian  viscosities a t  various tem p era tu res. T op r. p. m. below 
‘‘lim iting  R P M ”

T em p era tu re
T ru e  N ew tonian  

V iscosity
0 C. Poises
25 1130
30 780
40 290
50 130
60 GO
80 15
90 10

tw o adjacent layers of the oil calculated from the 
value of the product of v iscosity  and lim iting rate 
was found to  be about 7000 dynes per 
square centim eter. T his minimum shear­
ing force of 7000 dynes per square 
centimeter m ay be required to  overcome 
an energy barrier before the alignm ent 
of the m icelles in the direction of rate of 
shear can start.

L ittle has y e t been said about the flow  
curves of oils above the lim iting rates of 
shear. In  th is region these flow curves 
are very m uch like flow curves obtained  
from true plastic materials; in  fact, an  
intercept can be found for the down- 
curves of the hysteresis loops of oils.
These downcurves contain fairly large 
straight-line portions very similar to the 
straight-line portions of downcurves of true 
plastics.

M easurem ents furthermore indicate that 
thixotropic .levels exist which control the 
plastic v iscosity of the oil as a  function  
of the top rate of shear or top r. p. m.
Figure 5 and Table II, A, show the rela­
tionship of the plastic v iscosity of a typ i­
cal oil to the respective top r. p. m . A ny  
doubt regarding the p lasticity  of oils above 
the lim iting rates of shear is rem oved by  
the sim ilarity of Figures 2 and 5.

B u t there is further indication that 
oils can be identified as true plastics above 
the lim iting rates of shear, since in ac­
cordance with expectation the intercept 
increases w ith an increase in top rate of 
shear, or top r. p . m ., as shown in Figure 6 
and Table II , A . M easurem ents also 
show that a com plete recovery of structure 
takes place if the oils are left a t rest for 
a period of tim e following shear agitation.
Since th is is one of the m ost im portant 
characteristics of thixotropy, it  bears out 
the statem ent that oils show thixotropic 
behavior above their lim iting rates of 
shear.

average 
of shear

F i g u r e  6 . E x p e r i m e n t a l  C u r v e  S h o w ­
i n g  C h a n g e  o f  I n t e r c e p t  w i t h  C h a n g e  

i n  T o p  R. P .  M .

T a b l e  III. H e a v y  M i n e r a l  O i l  F l o w  C u r v e s  M e a s u r e d  t o  V a r i o u s  
T o p  R. P .  M . ( F i g u r e  7)

(T em peratu re  constan t, 30° C.)

U pcurve D ow ncurve T orque  X 10 “s for V arious T h ixo trop ic  Levels
T orque 112 205 302 393 405 595 700
X 10-4 r. p. m. r. p. m. r. p. m. r. p. m. r. p. m. r. p. rn r. p. m.

Dynes Dynes
R. p. rn. cm. cm.

14.5 4 .6 4 .2 5 3 .55 3 .3 6 3 .0 2 .4 8 2 .3
22 6 .5 6 .0 5 .7 4 .9 5 4 .6 3 .9 3 .5
36 lo ie 11 10.6 9 .7 9 .0 8 .1 7 .2 6 .5
6 3 .5 18.4 18.8 18.0 16.6
76 18*.6 iè !  6 13^4

85 2 5 .8 2 5 .8 2 4 .8 23 .3 17 .4
112 34 3 1 .9 29 .9 2 Ï À 24'.9
130 3 9 .9 3 6 .6 3 6 .4 27^2 2 Ï .2
145 36 ! i 3 2 ’.9
158 46*0 44 ! 2 4 i

180 52 .3 50 47 4 3 .9 3 9 .7 3 5 .9
192 33^9
205 . 5 6 .0 5 Ü 9
218 52 4 o ! o
234 60! 9 56 ! 7 43^5

252 64 61 57 5 3 .0 4 2 .4
278 6 7 .5 6 4 .9 5 2 ' ’
289 62^ 5 5 Ï .0
302 70*
312 66* ' 5 i  15

325 73 61 57
349 7 4 .8
360 65*
370 76* 7 4 '.Ô ei* ' 56^5
393 7 7 .8 6 9 h

414 6 5 .2
420 8o !2
423 72^8 5<j] 8
445 80*2
454 7 5 .5 69* '

467 80 .7
474 64 !3
495 8 i ' 73
520 8 2 .3 6 7 .5
523 75.*9

544 8 1 .9
568 8 1 .7
569 7 9 ’ ’ 7 i ’
595 8 i'.5
621 8 1 .5 73 *8

648 81
668 7 6 .3
676 80*. 5
700 7 9 .3
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T a b l e  I V .  H e a v y  M i n e r a l  O i l  T o r q u e - T i m e  C u r v e s  a t  V a r i o u s  C o n s t a n t  It. P. M . ( F i g u r e  8)
(T em peraturo  constan t, 30° C.)

T orque  X 10“« for V arious Thixotropio  Levels T o rque  X 10"« for V arious T h ixo trop io  Levels
Tim o
Stc .

73 r. p . m. 140 r. p. m. 200 r. p. in. 300 r. p. m. 400 r. p. m. Tim o
See.

73 r. p . m. 140 r .  p . in. 200 r. p. m. 300 r. p. m. 400 r. p.

0 2 .67 4 .55 6 .0 9 8.23 10.6 130 2 .4 3 3 .3 7 3 .8 4 5 .7 8 0 .43
3 4.54 5.12 7 .09 140 2.41 3 .3 5 3 .8 5 .72 0 .3 3
4 2 ! oi sis 150 2 .4 3 .34 3 .77 5 .7 6 .2 8
7 2.G i .  35 ■4*81 160 2 .39 3 .3 3 .7 5 5 .61 6.19
S 6 .9 s !  14 170 2 .3 8 3.71 5 .0 6 .12

10 4 .67 ISO 2 .37 3^20 3.67 5 .5 6 6.0S
II 2 ! 59 3 ! 92 190 2 .3 6 3 .0 5 5 .5 6 .01
13 0 Ü 3 7 .0 200 2 .3 5 3 .0 3 5 .48 5.97
14 4156 210 2 .3 5 3 ! is 3.01 5 .41 5.91
15 2]68 3^83 220 2 .3 4 3 .5 7 5 .4 5 .88
IS 6*77 7 .S 230 2 .33 3 .5 4 5 .3 8 5 .83
19 3 .8 4! 49 240 2 .3 2 3 ! is 3 .5 2 5 .33 5 .8
20 2^58 270 2 .3 3 .0 8 3 .4 5 5 .27 5 .7
23 3 [77 0 :72 300 2 .2 8 3 .0 5 3 .4 5 .2 5.61
24 4 '3 9 330 2 .2 6 3 .01 3 .3 5 5 .13 5,54
25 2^57 7:ÖS 360 2 .2S 2 .9S 3 .34 5.11 5 .49
28 3l 75 390 2 .24 2 ,9 4 3 .3 5 .08 5 .40
29 4*39 420 2.21 2.91 3 .2 8 5.05 5 .4
30 2 ! 56 o!07 7 !ö3 450 2 2 2 .9 3 .2 6 5.02 5 .3 8
34 4^35 4S0 2 .2 2 .8 7 3 .23 5 .0 5 .33
35 2l5G 3 " 71 öl 58 7]i>$ 510 2 .2 2 .8 5 3 .2 4 .9 8 5 .32
40 2 .5 5 3.6S 4! 32 6 .5 3 7.51 510 2 .84 3 .1 9 4 .9 8 5 .3
50 2.51 3 .6 5 4 .2 2 6 .4 4 7 .3 8 570 2 .8 1 3 .1 5 4 .9 5 5 .3
60 2.51 3.61 4 .1 6 6 .3 3 7 .21 600 2 .S 3 .1 4 4 .9 5 5 .2 8
70 2 .5 3 .57 4 .1 6 .2 3 7 .1 630 2 .8 3.11 4 .9 4 5 .2 8
80 2 .4 9 3 .54 4 .0 4 0 .1 2 6 .9 5 660 2 .7S 3 .1 4 .02 5 .2 8
90 2 .4 8 3 .5 4 6 .0 1 6.81 690 2 .76 3 .0S 4 .92 5 .27

100 2 .4 7 3 .47 3 .9 5 5 .9 8 6.71 720 2 .7 3 3 .0 6 4 .9 2 5 .27
110 2 .4 5 3 .43 3 .91 5.01 6 .61 750 2 .7 3 3 .0 5 4 .9 2 5 .27
120 2 .41 3 .4 3 .8 9 5 .8 2 6.51 780 2.71 3 .0 5 4 .9 2 5 .27

E xperim ental Curves
A  hirge number of oils have been measured a t various top  

r. p. m . Since all are of a similar nature, only one representa­
tive  flow curve is shown in  Figure 7 and T able III.

Figure S and Table IV  show the decrease in torque as a 
function of tim e for constant rates of shear or 1*. p. m. This 
decrease is typical for thixotropio plastics.

F i g u r e  7. E x p e r i m e n t a l  F l o w  C u r v e s  O b t a i n e d  
f r o m  V a r i o u s  T o p  R. P. M.

T em perature, T urbu len ce, and Slippage

I t  is evident that the type of flow' curves obtained from  
oils is not caused b y  factors like change of tem perature, 
turbulence, or slippage.

Slippage can be im m ediately discarded as a  result of ex­
perim ents m ade w ith a grooved bob and cup (S).

Turbulence can be elim inated as cause for the particular 
structure of the oil flow curves, since turbulence would have  
tended to increase rather than decrease the forces (torques) 
at higher rates of shear.

Finally  there remains the question of tem perature. In ­
crease of tem perature undoubtedly decreases v iscosity. The  
point then is, how much rise in tem perature is required to  
decrease the oil v iscosity  to  the sam e plastic v iscosity  ob­
tained by  increasing the rate of shear. T o determ ine this, 
a heavy mineral oil was chosen and its v iscosity  below the  
lim iting rate of shear was measured a t various tem peratures. 
Though the decrease in  v iscosity  is substantial, it  is  not large 
enough to  account for the rapid decrease in v iscosity  w ith  an 
increase in top rate of shear. In  T able I I  the true N ew tonian  
viscosities are given  for various tem peratures and the plastic  
viscosities are given for various thixotropic levels and are 
designated b y  their respective top rates of shear and top  
r. p. m.

Table I I  m akes it  obvious th at the decrease in plastic v is­
cosity resulting from an increase in  top rate of shear is too  
great to  be entirely caused b y  an increase in tem perature.

T his point is more clearly shown b y  p lotting th e  plastic  
viscosities a t various top r. p . m. against the true N ew tonian  
viscosities obtained a t various tem peratures (Figure 9 and 
Table V ). For exam ple, an increase from 100 to  700 top  
r. p. m . decreases the plastic v iscosity  from 710 to  150 poises, 
which in turn requires a  tem perature increase from 31° to  
48° C., if the tem perature is responsible for the entire increase 
in  viscosity. H ow ever, no appreciable tem perature increase 
could be observed if the tem perature was taken before and  
im m ediately after the measurement. Therefore tem pera­
ture can also be ruled out as a  determ ining factor for the par­
ticular shape of the oil flow curves.
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C onclusions
A  full theoretical treatm ent of the phenomenon of the 

thixotropic behavior of oils has n ot y e t been developed, but 
a few suggestions m ay elucidate the results so far presented.

A t rest all m olecules are distributed at random, taking on a 
statistic average position. A pplying a rate of shear beyond  
the lim iting rate of shear, which is equivalent to  developing 
a m inim um  directional force, th e m olecules m ay start an 
alignm ent in the direction of shear; hence the original random  
structure of the oil breaks down, as indicated b y  a decrease 
in p lastic v iscosity . U pon rest the m olecules w ill slow ly  
return to  their original random position.

D iscu ssion
According to the literature, oils are often recommended for 

use in  calibrating viscom eters, b u t th is m ay lead to a serious 
error (S). T he present paper shows th at unreliable results 
m ay be obtained if oils are used above their lim iting rates of 
shear, since m ost oils behave like true N ew tonians only below  
th is critical point. T he danger of an unreliable calibration  
w ith oils is particularly great if h ighly viscous oils are used, 
since their lim iting rates of shear are very low.

How ever, any such oil can be used for calibration if the  
applied rates of shear are kept below the lim iting rate of 
shear of the oil, in the range where it  behaves like a true 
N ew tonian liquid.

A lthough the oils tested showed no evidence of impurities, 
som e oils contain waxes and other contam inants; therefore, 
the question of a possible separation a t high rates of shear 
remains to  be discussed. Separation would probably have a  
decreasing effect on the torque and therefore would show

phenomena like those due to a thixotropic breakdown of 
the oil structure. However, the effects described above 
are n ot due to  any detectable separation, since repeated  
m easurem ents after short periods of tim e yield identical 
results, and the elapsed tim e intervals, of a  few m inutes, 
are long enough to allow a thixotropic recovery, bu t not a 
redistribution of any separated m aterials. I t  is highly  
im probable th at a redistribution or redispersion could take 
place while the material is a t com plete rest, even if .a longer 
tim e for recover}' were allowed.
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V iscosity T op  R . P . M . T em p era tu re
Poises ° C.

6G0 110 31
600 155 32
500 225 34
400 305 3 6 .5
300 415 3 9 .5
200 580 4 4 .5
150 700 48

T E M P E R A T U R E  (*C)

F i g u r e  9 . C u r v e  C o n s t r u c t e d  
t o  S h o w  I n c r e a s e  i n  T e m p e r a ­
t u r e  R e q u i r e d  t o  O b t a i n  S a m e  
V i s c o s i t t  a s  O b t a i n e d  b y  I n ­

c r e a s e  k  T o p  R .  P. M.



Rapid Determination o f Water in By-Product 
Sulfur

LOUIS SHNIDM AN, R ochester G as an d  E lectr ic  C orp., R och ester , N . Y .

B y-product su lfur , so m etim es know n as 
su lfur p aste, recovered during th e  purifica­
tio n  o f  m an u factu red , n atu ra l, or refinery  
gases u sin g  liq u id  purification  and su lfur  
recovery processes, is  b ein g  used  extensively  
as a fu n g ic id e . T he texture and con sisten cy  
o f th e  specially  m illed  and cream ed su lfur  
are controlled  by its  w ater co n te n t during  
its  p rod u ction . A rapid d en sity  m eth od  for 
th e  d eterm in a tio n  o f  w ater in  th e  b y­
product su lfur requires no w eigh in g , b u t  
m erely  com prises liq u efy in g  th e  su lfur

p aste , deaerating  th e  sam p le by su ction  
w ith  co n sta n t stirr in g  in  a sp ecia l m eta l 
con ta in er, cou n terbalan cin g  a given w e ig h t, 
and reading th e  m o istu re  con tent d irectly  
from  a calibrated  flask.

I ts  accuracy h as been estab lish ed  by  
com parison  w ith  a d istilla tio n  procedure  
previously developed. T he rapid d en sity  
m eth o d  w ill give resu lts  w ith in  0.5 per cent 
o f th e  true w ater co n te n t o f  b y-p rod uct 
su lfu r . T he t im e  required for a d eterm i­
n ation  is 10 m in u tes .

BY -P R O D U C T  sulfur, som etim es known as sulfur paste, 
is recovered during the purification of manufactured, 

natural, or refinery gases w hich utilize liquid purification and  
sulfur recovery processes (5, 6, 9 , 10). A t Rochester, N . Y ., 
an "am m onia-Thylox” liquid purification system  is in opera­
tion. T he details of the process have been described by  
Bowm an (1). T he chem istry of the process as studied by  
Gollmar (5 ) and in the author’s laboratory can be briefly sum ­
marized as follows:

Certain tliioarsenates are capable of absorbing oxygen from 
the air, replacing part of the sulfur in the thioarsenate molecule, 
and precipitating it as elemental sulfur. This lower sulfur thio­
arsenate molecule can absorb hydrogen sulfide, forming the origi­
nal thioarsenate, and the cycle can be repeated continuously. 
In practice theoretical quantities of arsenic trioxide and soda ash 
are dissolved in boiling water and added to the system as required 
to maintain an arsenic trioxide concentration of 6.0 grams per 
liter. The gas containing some 25.9 grams (400 grains) of hy­
drogen sulfide per 2.S3 cubic meters (100 cubic feet) is scrubbed 
by the Thylox (arsenic) liquor containing the thioarsenates as 
indicated in the reactions that follow:

A. Preliminary reactions:

As20 3 +  2Na2CO, +  PIjO — >  2Na,HAsO, +  2C 02 (1)

2N ajH As03 +  5H2S — >  N a4As2Ss +  6H20  (2)

NaiAs2S6 -f- 0 2 — N a<As2Si0 2 (3)

B. In the hydrogen sulfide absorber the following reactions 
take place in the ammonia-Thylox process:

(NH«)«As,S,0 2 +  H2S — >- (NH<)4As2S80  +  H20  (4)

(N H ^A sjS .0  +  I i2S — >- (NHOiAstS, +  H 20  (5)

Reaction 4 is faster than 5 and represents the main reaction in 
the absorber.

C. In the thionizer the Thylox liquor is treated with air under 
pressure, where oxygen is absorbed and sulfur liberated as follows:

(N H ^ A sjSt +  VaOt — >  (NH<)4As2S80  +  S (6)

(NH4)4As2S ,0  +  Va02 — =- (NH<)<As2S60 2 +  S (7)

Reaction 7 is faster than 6 and is believed to be the main reac­
tion taking place in the pressure thionizer.

W hen the pH  of a solution of (N H ()4As2S60  drops below  
7.3, arsenic trisulfide and free sulfur precipitate out, indicating  
som e reduction of pentavalent A s+++++ to trivalent A s+++.

Figure 1 presents a view of the hydrogen sulfide removal 
system  w ith the tw o absorbers a t the left, the pressure th io­
nizer on the right, and the operating building in the center. 
T he p lant is capable of handling som e 566,300 cubic meters 
(20,000,000 cubic feet) of gas per day. T he sulfur slurry 
released at the top of the thionizer flows to a supply tank, 
thence to a continuous vacuum  filter where the by-product 
sulfur is separated and washed.

The nature and general properties of by-product sulfur 
have been described previously (2 , 3, 4, 7, 8). By-product 
sulfur consists essentially of water, free sulfur, less than 1 per 
cent of iron oxide, and less than 1 per cent of water-soluble 
salts. T he by-product sulfur as it  comes from the filters 
consists of a  yellow-gray sticky paste containing about 45 
per cent of water. T o prepare this m aterial for market, the 
sulfur is m illed and creamed in special equipm ent and the  
moisture content is raised to 52 to 60 per cent, depending upon  
the type of product desired. In  this condition, it  is being  
used extensively today  as a fungicide not only for apple 
orchards but for other fruits as well.

In  preparing the final m illed sulfur at the plant, it  is 
necessary to  keep the water content w ithin definite lim its. 
T his requires a  rapid and reliable m ethod for determ ination of 
the water in the sulfur paste. T he author (8 ) previously de­
scribed a distillation m ethod for determ ination of water in 
by-product sulfur, which was based upon the separation of 
water from the sulfur by  the use of a m ixture of light oil 
and gas oil which aided in distilling over of the water into a  
calibrated trap using a reflux condenser. T his method proved  
to  be accurate and convenient. However, the 2 to  3 hours 
required for the determ ination b y  the distillation procedure 
were too long when the by-product sulfur was being processed  
a t the plant, and the water content was required w ithin a 
short tim e in order not to hold up production.

E xperim ental Work
A t the outset the operating engineers requested that a 

m ethod be developed which would be simple, accurate, and  
reliable, and have the result available w ithin 10 m inutes or 
less. If such a m ethod could be developed, p lant operation  
and production could proceed norm ally and w ithout delay.

T o  m eet these requirements a  number of procedures were 
studied and som e preliminary work was performed. Some

4 3 0



of the procedures con­
sidered were as follows:
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1. An attempt was 
made to measure the time 
required for a rod to sink 
into the sulfur paste a 
given distance. A modifi­
cation of this procedure 
was also tried which con­
sisted in measuring the 
depth to which a rod 
would sink into the sulfur 
paste. These procedures 
did not prove practical, 
since the reading was af­
fected by the amount of 
entrapped air, which 
varied from batch to 
batch as prepared at the 
plant.

2. Another procedure 
tried was to add a known 
amount of standard acid 
or alkaline solution and 
determine the change in 
concentration caused by 
dilution with the water 
present in the sulfur cake.
This procedure gave un­
certain results and ap­
peared to have too many 
difficulties to develop 
further.

3. The next procedure 
attempted was similar to 
No. 2, except that the 
change in concentration 
was determined by meas­
uring the refractive index.
This likewise proved im- F i g t t r e  1.
practical.

4. A t t e m p t s  w e r e  
made to separate the 
water present in the
sulfur paste by centrifuging, with and without addition of other 
substances to aid in such separation. Further work showed that 
the addition of a small quantity of carbon disulfude in sulfur 
paste gave a fair separation, but the results obtained were erratic. 
Further work showed that this procedure was impractical and 
was abandoned.

5. The determination of the density of the sulfur paste was 
tried. The density method was given further consideration be­
cause it showed from the start that results could be obtained that 
were within 1 to 2 per cent of the true moisture content when 
using sulfur from the same batch. However, when sulfur paste 
from other batches was employed, results were erratic. It was 
found that the density of sulfur in the by-product material was 
close to that of sulfur reported in the literature.

From previous work carried out in th is laboratory on the  
properties and behavior of by-product sulfur, it  was found 
that various dispersing agents possessed the property of 
liquefying the sulfur paste, thereby converting it  into a 
cream y solution th at could be readily handled. One of the 
dispersing agents found best for this purpose was Bindarene 
flour, m ade b y  the International Paper C om pany. T he  
analysis of th is Bindarene flour dispersing agent was as follows:

T o ta l solids 96 .90
Ash 8 .52
Silica an d  insoluble 0 .0 4
Oxides of iron  an d  alum ina 0.11
C alcium  oxide 4 .6 0
M agnesium  oxide 1.70
Sulfu r trioxide 0 .3 6
Sulfu r dioxide 4 .1 0
T o ta l su lfur 3 .0 6
p H  (of 10%  solution) 5 .7
O rganic m a tte r  (100%  w a ter ash) 88 .39

One procedure em ployed early in  this stu d y  was to liquefy  
th e  sulfur paste w ith  the Bindarene flour dispersing agent and 
measure th e  volum e of a  know n w eight of sample. I t  was 
observed th at th e  liquefied sulfur paste contained large quan-

H y d r o g e n  S u l f i d e  R e m o v a l  S y s t e m

tities of sm all air bubbles which were held in  suspension. 
W hen these air bubbles were removed, consistent results 
were obtained.

T he procedure finally adopted consisted in  general in  
liquefying th e sam ple of sulfur paste w ith the dispersing  
agent, deaerating the sam ple by suction with constant stirring  
in a special m etal container, and then weighing the sam ple  
to  determ ine its moisture content. T he detailed procedure 
is described below.

A pparatus
Figure 2 shows the apparatus partly disassembled. This ap­

paratus consists o f:
1. A metal container or deaerating cylinder 31 cm. (12.189 

inches) high, 10 cm. (4 inches) in outside diameter, and 0.5 cm. 
(0.189-inch) in wall thickness.

2. A No. 15 rubber stopper through which the stirrer and 
paddles pass is used to close the deaerating cylinder, and to sup­
port the stirrer and packing gland, and an outlet to the vacuum  
pump.

3. A proper type of stirrer is required as indicated in Figure
2, where the arrangement and distribution of the paddles are 
shown, a total of six being used. More paddles are present in the  
top of the cylinder in order to provide better agitation for deaerat­
ing the froth or foam that may be present at the top of the sulfur 
paste.

4. A heavy-duty, completely enclosed, */« horsepower motor, 
1750 r. p. m., is connected to the stirrer by a flexible coupling as 
shown in the photograph. The motor, stirrer, and cylinder are 
mounted on a suitable support as indicated. The flexible cou­
pling affords an easy means for removing and inserting the stirrer 
in the cylinder.

5. A calibrated 500-cc. Florence Pyrex flask.
6. A trap (shown in the right-hand comer) consists of a bottle 

with rubber stopper in which are two connections, one to the de­
aerating cylinder, the other to the water suction pump not shown, 
and a two-way stopcock used to break the suction at the end of 
the deaeration period.
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7. Heavy-walled rubber pressure tubing for connections.
8. A suitable torsion or dispersing balance and weights not 

shown in the photograph are required, and an 800-ml. Pyrex 
beaker.

9. A 45-cm. (18-inch) wooden spatula has been found most 
satisfactory for transferring the sulfur paste from the sample can 
to the metal cylinder. One-gallon enamel milk pails are satis­
factory for holding the sample taken from each batch.

Procedure
The procedure as finally adopted consists in placing approxi­

mately 800 grams of sulfur paste in the metal cylinder (about half 
full). This need not be weighed, as a little experience will soon 
tell how much is right. Next, 4 or 5 grams (a heaping teaspoon­
ful) of Bindarene flour dispersing agent are added. The Binda­
rene flour is distributed through the paste by mixing with the 
wooden spatula for about 10 seconds. The metal cylinder with 
the sulfur paste is then connected to the apparatus, the water 
suction is started, and the stopcock in the trap is closed. Finally, 
the motor is started to operate the stirrer. The sulfur paste 
sample is deaerated under suction with constant stirring for 5 
minutes. The motor is then cut off, stopping the stirrer, the stop­
cock in the trap is opened, and the water suction is turned off. 
The metal cylinder is disconnected from the apparatus, and the 
liquefied sulfur paste is poured into a 800-ml. beaker. The cali­
brated Florence flask is placed on the balance, tared, and 703 
grams of the liquefied and deaerated sulfur paste are weighed into 
the flask. The author has found it simpler to make a special 
weight weighing exactly 703 grams. The neck of the flask is then 
washed down with 1 ml.- of methyl alcohol to which a small 
quantity of methyl orange indicator has been added. The water 
content of the sulfur paste in per cent is then read directly from 
the calibration on the flask at the level where the top of the 
meniscus reaches in the neck.

An occasional sample is received with a moisture content below 
54 per cent, which is the lowest amount that can be read directly 
from the flask calibrations. In such a case the procedure is the 
same, except that after the 703 grams of liquefied and deaerated

sulfur paste have been weighed into the calibrated flask, distilled 
water is added to bring the level up to the 54 per cent mark. The 
flask is reweighed and the weight of added water is obtained by 
the difference. This difference divided by 4 and the result sub­
tracted from 54 will give the true moisture content, since, as indi­
cated below, 4 grams of water are equivalent to 1 per cent of 
moisture in the sulfur paste.

T he calibration of the 500-ml. Pyrex Florence flask is car­
ried out as follows:

A Florence flask is selected so that the 54 per cent mark comes 
up into the lower part of the neck. The 54 per cent mark was 
found to be the height of 537 grams of distilled water at 25° C. 
The calibration marks were then determined empirically, using 
sulfur paste whose moisture content had been determined by the 
distillation method mentioned above (S). Each additional 2 per 
cent mark, up to and including the 60 per cent mark on the flask, 
was found to be equivalent to the height of an additional 8.1 grams 
of distilled water at 25° C.

Table I presents the water content of by-product sulfur 
paste as determined b y  the rapid density m ethod, compared  
to  the distillation m ethod (8). Som e forty-one sam ples 
were analyzed. These represent results th at have been  
accum ulated over a period of 4  years by  at least eight dif­
ferent analysts. T he author has on his records over 2200  
tests m ade on sulfur paste by  th is rapid density  m ethod. 
E xam ination of these data indicates close agreem ent betw een  
the distillation method and the rapid density  m ethod. T he  
average difference betw een the tw o m ethods is 0.1 per cent. 
T he maximum difference, one sam ple only, is 1.0 per cent. 
T he data further show th at results w ithin 0.5 per cent of the  
true moisture can be obtained b y  the rapid density  m ethod. 
T he rapid density m ethod for moisture in by-product sulfur 
paste has a number of advantages: N o weighing of the 
original sam ple is required. I t  is easily and readily liquefied 
and deaerated. There is no weighing or m easuring to obtain
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T a b l e  I. W a t e r  C o n t e n t  o f  By-PuoDUCT S u l f u r  P a s t e

D istilla tion R ap id  D ensity Difference
T e s t No. M ethod M ethod betw een M ethods

% % %

1 5 7 .0 5 6 .5 - 0 . 5
2 5 7 .5 5 7 .0 - 0 . 5
3 5 7 .5 5 8 .0 + 0 .5
4 5 8 .0 5 7 .5 - 0 . 5
5 5 6 .5 5 6 .5 0 .0
0 5 7 .0 5 6 .5 - 0 . 5
7 5 8 .5 5 8 .0 - 0 . 5
8 56 .5 5 6 .0 - 0 . 5
9 58 .7 5 8 .5 - 0 . 2

10 56 .7 5 6 .5 - 0 . 2
11 5 5 .5 5 5 .0 - 0 . 5
12 57 .5 5 8 .0 - 0 . 5
13 5 9 .0 5 9 .5 + 0 .5
14 5 9 .0 5 8 .5 - 0 . 5
15 5 8 .0 5 8 .5 + 0 . 5
16 5 9 .5 59 .5 0 .0
17 6 0 .5 60 .5 0 .0
18 5 7 .0 5 7 .5 +  0 .5
19 57 .5 57 .5 0 .0
20 5 9 .0 59 .0 0 .0
21 5 8 .5 58 .5 0 .0
22 5 9 .0 5 9 .0 0 .0
23 60 .0 5 9 .5 - 0 . 5
24 59 .5 59 .5 0 .0
25 59 .0 5 9 .0 0 .0
26 57 .5 58 .5 +  1.0
27 57 .0 5 7 .0 0 .0
28 5 9 .0 5 9 .5 +  0 .5
29 5 7 .0 5 7 .0 0 .0
30 58 .0 57 .5 - 0 . 5
31 59 .0 5 9 .5 +  0 .5
32 5 6 .0 5 6 .0 0 .0
33 56 .5 5 6 .5 0 .0
34 5 3 .0 5 3 .5 +  0 .5
35 56 .0 5 5 .5 - 0 . 5
36 5 7 .5 5 7 .0 - 0 . 5
37 5 7 .0 5 6 .5 - 0 . 5
38 5 9 .0 5 9 .5 + 0 .5
39 5 1 .0 5 0 .5 - 0 . 5
40 5 5 .0 54 .5 - 0 . 5
41 6 1 .0 6 1 .0 0 .0

Av. 5 7 .6 5 7 .5 - 0 . 1
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the final results, b u t merely a balancing. T he moisture 
content is read directly, no further calculations being re­
quired.

A fter the analyst has acquired experience, a moisture 
determ ination can be m ade within 10 m inutes. To speed  
up the results further, the author has em ployed tw o m etal 
containers, so that while one sam ple is being deaerated, the 
sam ple in the other container is being cleaned and made 
ready for the new determ ination. Thus by rotating, the  
tim e for the determ ination can be further reduced.

Certain precautions m ust be taken in  the use of this m ethod:

1. Sufficient dispersing agent must be added to liquefy the 
sample.

2. The entrapped air must be completely removed; otherwise 
the results will be high. A good test for the completeness of air 
removal is to tap on the bottom of the beaker or flask containing 
the liquefied sulfur paste with the finger. If the sound has a ring, 
the air has not been completely removed. A little experience soon 
accustoms the analyst to the difference in sound.

3. The distillation method should be used as a periodic check 
until the analyst has assured himself that the results are correct 
and that the samples are uniform. An occasional sample has been 
received from which it was impossible to remove the entrapped 
air. The samples are generally from sulfur recently made from 
the sulfur by-product recovery system.

N o  difficulty has been encountered in the use of the rapid  
density moisture m ethod, even though used by  various m em ­
bers (at least eight) of the laboratory staff. T his m ethod  
is in constant use a t this laboratory, especially during the  
spring when the sulfur paste is being prepared for m arket.
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Qualitative Test for Methoxy and Other 
Alkoxy Groups

Compounds Encountered in Pharmacology and Toxicology

W ALTER C. T O B IE , D iv ision  o f  C h em istry  and  P h ysics , A rm y M cdical S ch oo l, W ash in g ton , D. C.

ALTH O U G H  numerous modifications of the Zeisel m ethod  
l  (5) for the quantitative determ ination of m ethoxy and  

other alkoxy groups have been described, and m uch elaborate 
apparatus has been designed for the determ ination, a 
sim ple and reliable qualitative test for such groups has 
hitherto been lacking. Beckm ann (2) and F eist (8) detected  
m ethoxy groups in  a few com pounds by  splitting off the 
m ethyl radical in  such a w ay as to m ethylate known com­
pounds, then determ ining the m elting point of the resulting 
m ethylated  derivative. Such a procedure is slow and incon­
venient. N eave and Heilbron (4) merely described a very  
crude qualitative Zeisel procedure, heating com pounds to 
140° C. w ith hydriodic acid and passing the evolved m ethyl 
or ethyl iodide into silver nitrate, w ithout provision for re­
m oving interfering substances which m ight distill over.

The present paper gives a satisfactory qualitative m ethod  
for the detection of lower alkoxy groups in soluble compounds 
of relatively low  molecular w eight. I t  is based on the Zeisel 
m ethod, but requires only a test tube for apparatus, together 
with a porous plug, im pregnated to rem ove interfering sub­
stances. T he alkyl iodides produced in positive tests are de­
tected  b y  m eans of the verm ilion color (mercuric iodide) which  
they  give w ith mercuric nitrate.

M ethod
P r e p a r a t i o n  o f  P o r o u s  P l u g s .  Cut double-thickness cheese­

cloth (gauze) from a roll 18 inches (45 cm.) wide into strips 2 
inches (5 cm.) wide and 18 inches long. Fold each strip once, to 
get a strip 2 by 9 inches. Place the strips on a sheet of glass. 
Thoroughly moisten each strip by pipetting 5 ml. of the impreg­
nating solution onto it, taking care that the strips do not curl.

Dry the strips on the glass, either by standing overnight or by 
leaving it in a warm place for 2 or 3 hours.

I m p r e g n a t i n g  S o l u t i o n .  Dissolve 1 gram of lead acetate 
in about 10 ml. of water and pour it into 60 ml. of 1 N  sodium  
hydroxide in a 100-ml. cylinder. The heavy precipitate which 
appears soon redissolves. Add a solution of 5.0 grams of sodium 
thiosulfate in about 10 ml. of water, and 1 ml. of glycerol. D ilute  
the mixture to 100 ml. with water. The glycerol prevents any of 
the dried salt mixture from flying off as dust when the strips are 
rolled before insertion in the test tubes.

C o n d u c t  o f  t h e  T e s t .  Place about 0.1 gram of the substance 
to be tested (preferably well powdered if a solid), in a 16 by 150 
mm. test tube. Carefully pipet 1 ml. of glacial acetic acid and 
1 ml. of hydriodic acid (57 per cent, sp. gr. 1.7) onto it. I t  is de­
sirable, but not essential, to add a small (1 to 2 mm.) granule of 
unglazed porcelain to promote ebullition. Roll one of the im­
pregnated gauze strips rather loosely into a cylindrical shape 
and insert it in the mouth of the test tube with a rotary motion. 
When most of the plug has been inserted into the tube, twist it in 
the opposite direction to expand it in the bore to a fairly tight 
fit. There must be no obvious channels by which vapors can by­
pass the plug. Push the plug down until its top is about 1.5 
inches (4 cm.) below the mouth of the test tube. Put a small 
piece of nonabsorbent cotton (cotton batting) over the plug and 
press it down into a disk about 2 to 3 mm. thick. Give a strip of 
filter paper about 2 cm. wide and 10 cm. long a slight longitudi­
nal fold, moisten about a third of its length with a saturated 
solution of mercuric nitrate in 2 per cent by volume nitric acid, 
and rest the paper upon the cotton wad.

Place the test tube in a glycerol bath about 4 to 5 cm. deep, 
maintained at 120° to 130° C. The bath may be heated ini­
tially above 130° C., if several tubes are to be immersed in it. 
Condensed vapors will gradually work up the tube walls into 
the impregnated plug, which will show a gray discoloration.

W ith a  positive test, a  yellow  color will spread upward from  
the bottom  edge of the test paper, while changing to a bright
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T a b l e  I .  D e t e c t i o n  o f  A l k o x y  G r o u p s

C om pound

Anisole
P heneto le
G uaiacol
P o tassium  guaiacol sulfon­

a te  
V anillin  
Vanillin a ce ta te  
Eugenol
A cetophenetid ine 
M ethy l sa licy la te

n -B u ty l e th e r

n-H exyl e th e r

a -M e th y l glucoside
A n tipy rine
Piperine
D im eth o x y te trae th y len e

glycol
Plasm ochin
A teb rin  d ihydroch lo ride  
N uper caine hydroch loride  
D i b u t y l a m i n o p r o p y l -  p -  

am inobenzoate  su lfa te  
(B utyn)

A zochloram ide (D ichloro- 
azodicarbonam idine) 

Picro lonic acid 
Codeine (alkaloid)
Codeine sulfate^
B rucine (alkaloid)
Q uinidine (alkaloid) 
Q uinidine su lfa te  
Q uinine (alkaloid)
Q uinine hydrochloride 
Q uinine su lfa te  
N arco tine
C o ta rn ine  hydrochloride  
T halline  su lfa te  
E th y lm o rp h in e  hydroch lo­

ride  (D ionine)
Cocaine hydrochloride

H y d ra stin e  (alkaloid) 
H y d rastin e  hydrochloride  
M orph ine su lfa te  
S trychn ine  su lfa te  
A trop ine  su lfa te

V => verm ilion , O *=* orange, Y  =  yellow  
+  +  - f  +  ■“  s tro n g  positive , +  +  +  83 m odera te  positive, 
(— ) *= false negative, —  =  negative

Alkoxy
G roups

C olor on 
T e s t P ap er

T im e in 
M inu tes R esu lt

1 M eO— V 7 4- 4 -4- 4-
1 E tO — V 5 4-4 - +  +
1 MeO— V 8 +  +  +  +
1 M eO— V s +  +  +  +

1 M eO — V 0 +  +  +  +
1 M eO— V 7 +  +  +  +
1 MeO— V 4 +  +  +  +
1 E tO — V 8 +  +  +  +
1 M eO— V +  O 4 +  +  +  +

2 BuO — Y +  O 10 +

2 H cxO— V +  lig h t green 10 (— )

1 M eO — V 2 +  +  +  +
None F a in t buff 10 —
N one Y (very  strong) 10 —

2 M eO— O (strong) 3 +  +  +
1 MeO— Y  +  o  4- V 10 +  +  +
1 M eO— O +  V 10 +  +  +
1 B uO — O 5 +  +

N one F a in t g ray 10 —

N one G ray 10 __
N one Y +  pale  g ray 10 —
1 M eO— O (strong) 3 +  +  +
1 M eO— Y +  g ray 10 (— )
2 M eO— V 7 +  +  +  +
1 M eO— Y +  V 10 +  +  +
1 M eO— Y  +  V 10 +  +  +
1 M eO— Y +  V 4- O 10 +  +
1 M eO— Y +  V 4- gray 10 +  +
1 M eO — Y +  g ray 10 (— )
3 M eO— V 4- O 5 +  +  +  +
1 M eO— Y +  O 4- gray 4 +  +  +
1 MeO— B lack 4- g ray 10 ( - )

1 E tO — V 4- O 5 +  +  +  +
1 M eO— O 5 +  +  +

2 M eO— V 3 +  +  +  +
2 M eO— O 3 +  +  +
N one Y (fain t) 10
None Y  (strong) 6 —
N one G ray 10 —

E xplana tion

S does n o t in te rfere  in this 
case

M eO H  h ydro lyzed  off form s 
M el

B. p. of B u i is 131° C.
E th e r  resists H I 

B. p . of hexyl iodide is 
180° C.

Y ellow  unaccoun ted  for

B. p. of B u i is 131° C.

D iscolorations p r o b a b ly  
due  to  reduc tion  b y  de­
com position  p roducts

D iscoloration  du e  to  S

N o in te rference  b y  S 
Only sm all spo ts  of V and  0  
S ligh t in te rference  b y  HC1 
S in te rferes  strong ly

S ligh t in te rference  by  HC1 
S in te rferes v e ry  strong ly

M eO H  hydrolyzed off form s 
M el

No in te rference  b y  HC1 
N o in te rference  by  S 
No in te rference  by  S 
S obscures negative  reac ­

tio n

+  +  =* w eak positive, +  =* dou b tfu l positive

orange or verm ilion. Less frequently, the orange or vermilion 
color will appear rather suddenly over all the m oist portion of 
the test paper. T he verm ilion m ay appear as a solid band of 
color, or as spots against a  background of yellow  or yellow- 
orange. A  permanent yellow  color indicates a negative or a 
doubtful positive test. T he faint yellowish color obtained  
when the mercuric nitrate solution dries on the test paper is 
w ithout significance.

T he test should be continued until a d istinct positive reac­
tion is evident, or until 10 m inutes have elapsed. In  certain 
cases, particularly in  tests which have been heated for 10 min­
utes w ith negative results, a  slight gray discoloration m ay  
appear on the test paper, probably ow ing to the action of vola­
tile substances which slightly reduce the mercuric nitrate w ith  
the production of finely divided mercury. T his discoloration  
usually fades in an hour or so. Perm anent dark gray discolor­
ations due to sulfur com pounds are discussed under “ R e­
sults” .

L im its o f  S en sitiv ity

T he test w as applied to 5-, 10-, and 25-m g. portions of 
vanillin and codeine (alkaloid). T he colors were fairly strong 
w ith the 25-mg. portions. W ith vanillin the test was still 
positive, although weak, w ith 5 m g. W ith codeine, the test 
was still positive (moderate orange color) w ith  10 m g. but 
5 m g. gave only a lem on-yellow color. Accordingly, the lim its 
of sensitiv ity  are about 5 m g. for vanillin and 10 m g. for 
codeine.

For the detection of 
m ethoxy and ethoxy  
groups in smaller am ounts 
of m aterial (1 to 10 m g.), 
the A. O. A. C. m ethod  
(1) is undoubtedly su­
perior ; sulfur is autom ati­
cally taken care of, but 
special equipm ent and a 
longer tim e are required 
to run the test.

R esu lts
Table I shows th at m eth­

oxy  and ethoxy groups 
are rather readily de­
tected. W ith solids, 100 
m g. were used; w ith liq­
uids, 0.10 m l. T he “ time 
in m inutes” show s when  
each test was discontinued. 
In  m ost cases a  d istinct 
positive test was obtained  
in a shorter tim e. Sulfur 
often interferes rather seri­
ously w ith the test, ap­
parently by  reduction to  
volatile m ercaptans which  
are n ot held back b y  the 
im pregnated plug. Since 
the test is invariably  
satisfactory with free alka­
loids, it  is desirable to  
convert m ost alkaloid sul­
fatéis to the free alkaloid  
before testing. T he slight 
gray discoloration pro­
duced b y  hydrochlorides 
does not seriously inter­
fere.

A lthough the butoxy group in  nupercaine is readily de­
tected, the test is weak w ith « -bu ty l ether. H exyl ether does 
n ot react a t all. T h is is undoubtedly due to the h igh boiling  
point of the higher iodides, although lower solubility in  water 
and resistance of the sim ple ethers to the action of hydriodic 
acid m ay be a factor.

T he “false negative” reactions given in  Table I refer to  
cases in which an alkoxy group is present in  the compound, but 
in  which a negative test is obtained, because of either the low  
vo la tility  of the alkyl iodide or the action of sulfur in  obscuring  
the verm ilion color of a positive test.
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Delivery of Liquids at Low and Constant Rates
E. C. PA G E, JR .1, AND J . C. W IIITW ELL, P r in ceton  U n iversity , P r in ce to n , N . J .

T he design  o f  an  apparatus for th e  delivery  
o f  sm a ll b a tch es o f  flu id  a t  low  and co n sta n t  
rates is p resented . M in im u m  delivery  
rates are easily  and  accurately  regu lated  at 
flows o f  fraction s o f cu b ic  cen tim eters per 
m in u te .

F u ll range con trol o f  flow rates is  possib le. 
There are n o  m ovin g  parts in  th e  en tire  
u n it . Ind iv idual parts are ob ta in ab le  'svith- 
o u t d ifficu lty  or conflict w ith  stra teg ic  m a ­
teria ls. O nly th e  s im p le st g lass-b low in g  
tech n iq u es are involved. C on stru ction  and  
calibration  are rapid.

S ta tics o f  th e  apparatus are analyzed  to  
produce an  eq u ation  u se fu l in  design  o f  a 
u n it  o f  proper size  for an y  particu lar in ­
sta lla tio n  desired.

TH E  apparatus herein presented was suggested b y  an 
experim ent in  which absolutely constant rates of addition  
of a reagent were required. M oreover, these rates were to be 

relatively low, in  the range of a  few  cubic centim eters per 
m inute (4 to 5 m axim um ). D evices w hich have previously  
been used w ith success in  other experim ents in  th is laboratory  
include constant-head tank-m eter devices and sm all pumps 
of centrifugal or piston design. T he m ain difficulty w ith  the 
former lies in their lack of adaptability  to  operation w ith  
sm all batches. Pum ps of either design require m aterials 
high on priority lists. Centrifugals require auxiliary m etering  
devices, while all pis­
ton types, either re­
ciprocating or continu­
ously advancing types, 
require com plicated  
gearing. In  the latter  
case, full range con­
trol is im possible. T he 
present design involves 
no m oving parts, no 
head tanks, and no 
m eters, and provides 
full range control.

T he design selected  
relies upon controlled 
rate of vaporization as 
the m ethod of regula­
tion. H ow ever, the ap­
paratus described is 
n ot lim ited to a pure 
liquid, since the fluid 
being vaporized m ay  
be com pletely dissim i­
lar to  th at whose flow  
is being regulated.
T hus, water m ay be 
the m aterial vaporized  
while a solution m ay be 
fed to the final receiver.

* P resen t affiliation, U. S.
N aval Reserve.

T he m axim um  capacity of the unit illustrated, w ith  60 cm. 
(2 feet) of 32-gage Nichrom e wire in  the heater, is 4  to 5 cc. 
per m inute, the requirem ent noted above. Increase of this 
m axim um  m ay be obtained b y  increase of electrical input 
(lim ited in the illustrated unit only by  heater design).

D escrip tion  o f  A pparatus
As shown in Figure 1, two main units are involved: a still and 

condenser combination, and a U-tube feeding device. The ma­
terial to be fed is discharged from the left-hand arm of this latter 
tube, 11, into any desired receiver. Into the right-hand arm, 9, 
is fed water, or other suitable liquid, condensed from vapor as de­
livered by the still. These two liquids are separated by a denser 
fluid in the bottom of the U-tube, carbon tetrachloride in the 
illustrated unit. Liquid delivered to the top of the right-hand 
arm will raise the level of the carbon tetrachloride in the left-hand 
arm; thereby causing the discharge from the top of a volume of 
liquid equivalent to the rise in level multiplied by the cross section 
of the tube.

D e t a i l s .  The still, 1, is an 
ordinary Dewar flask, so that 
radiation is minimized and rates 
of vaporization depend solely 
upon electrical input. Flask ca­
pacity should be that of the 
amount of water which must 
be vaporized, plus an amount 
to keep the heater covered, plus 
a suitable disengaging area above

F i g u r e  1 .  D i a g r a m  o p  A s s e m b l e d  A p p a r a t u s

In su la ted  flask 7.
T herm om eter 8.
W ater level gage 9.
S afe ty  tu b e  10.
H eatin g  u n it • 11.
E lec tric  leads 12.

Slide-wire resistance  
C ondenser 
R eceiver tu b e  
D ra in
D elivery  tu b e  
G lass lip
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the liquid surface to prevent entrainment. The amount of liquid 
to be vaporized, which may be calculated from the equations pre­
sented at the end of the paper, will vary with density of the three 
fluids involved, and with the cross sections of the two arms of the 
U-tube. The still is equipped with any type of electrical sub­
mergence heater. Because of the present shortage of equipment,
the heater used consisted of a length of fine resistance wire
wound on a glass tube, 5, one lead emerging from the inside of the 
tube. An ordinary knife heater would be suitable, although 
occupying more space. The level indicator, 3, consists of a piece 
of cork into which a straight length of wire of moderately heavy 
gage is fastened. The top of 
the wire projects above the top 
of the flask and is enclosed in 
a glass tube with a sealed top.
A long open tube, 4, acts as a 
pressure safety valve. Figure 1 
also indicates a thermometer, 2, 
extending through a cork into
the liquid in the still. Its pur­
pose is only convenience in the 
prediction of the imminence of

Control of the heat supplied 
to the still may be regulated by 
any combination of resistances 
or, preferably, by some instru­
ment similar to a Variac trans­
former which contains a gradu­
ated scale. If resistances are 
used, a scale should be mounted 
to indicate position of the slides.
Ordinary 110-volt alternating 
current circuits have been found 
to be a suitable energy source.
The small variations in power 
factor and voltage did riot pro­
duce a measurable effect in 
vaporization rates.

Two features of the U-tube 
are, first, the drain, 10, at the 
bottom of the U to facilitate re­
charging and cleaning, and, sec­
ond, the lip and wick combina­
tion, 12, on the discharge from the 
left-hand arm. The lip serves to 
direct the flow into the receiver.
The wick lies on the bottom of the outlet tube and eliminates 
fluctuations in flow by preventing periodic accumulation and 
discharge which would otherwise be occasioned by surface tension.

As shown in  Figure 2, it  is possible to vary the cross sections 
of the tw o arms of the U -tube. Such variation w ill result in a 
marked change in the ratio of volum e of the condensate de­
livered from the still to  th at of liquid discharged from tube 11. 
The desirability of such variation can readily be determined  
b y  consideration of the discharge equations presented below. 
All interfaces m ust travel a t all tim es in  a uniform cross sec­
tion to  provide uniform discharge. Thus, in  Figure 2, water 
is shown, prior to operation, standing on top of the heavy  
liquid to  position x, th is position to be located in the con­
stricted but uniform top portion of the tube w ith the heavy  
liquid interface a t g.

C alibration
A few determ inations of discharge rate vs. rheostat (or 

Variac) position will serve as a calibration. W ith a uni­
formly wound series resistance the calibration p lot m ay be 
m ade a straight line if the reciprocal of discharge is p lotted vs. 
linear position on the rheostat. Calibration of the instru­
m ent illustrated is shown in Figure 3.

R eproducibility of discharge rate a t the sam e resistance 
reading is excellent, as Table I  indicates. Prior to  each de­
term ination of discharge rate, the contact of the rheostat 
was m oved from and returned to the given setting.

O peration
The U-tube is filled with a heavy liquid and the left-hand side 

charged with the material to be fed. Since the first few seconds

T a b l e  I. R e p r o d u c i b i l i t y  o f  D i s c h a r g e  R a t e

F i g u r e  2 .  S p e c i a l  F o r m  
T u b e  B

Slider Volume Tim e Volume M axim um
Setting Collected R equired R ato V aria tion

Cc. Sec. C c./v iin . %
(1) 0 5 .0 420 .3 0 .714

0 5 .0 417 .0 0 .720 0 .8
0 5 .0 417 .9 0 .718

(2) 5 5 .0 33 5 .8 0 ,895 1.1
5 5 .0 339 .7 0 .885

(3) 10 5 .0 250 .0 1.200
10 5 .0 250 .0 1.200 0 .8
10 5 .0 248 .0 1.210

(4) 14 10 .0 308 .5 1.945
14 10 .0 308 .5 1.945 0 .4
14 10 .0 307 .5 1.953

of operation usually give irregular results, this last fluid should be 
charged in sufficient quantity to bring the level nearly, but not 
exactly, to the point of discharge. The short time thereby al­
lowed after vaporization commences in the still before fluid flows 
from the left arm of the U-tube will be sufficient to prevent these 
initial irregularities from influencing the otherwise constant de­
livery rate.

The still is also charged with the requisite amount of fluid, pre­
sumably water, and current is passed to the heater. As the 
temperature of the fluid in the still nears the boiling point, current 
is regulated to the point which, by previous calibration, is shown 
to correspond to the desired delivery rate.

E qu ation  for V olu m e R ate o f  D ischarge

An equation, derived below, relates the dim ensions of the 
apparatus, properties of fluids involved, and the rate of feed 
at B , to the desired delivery rate at A  (see Figure 1). L im ita­
tions placed on the equations are:

1. The diameter of the main body of tube B  equals the 
diameter of tube A.

2. The top interface of the heavy liquid on side B  (see Figure 
1) never goes below the point of constriction h.

3. When the special design of tube B  (Figure 2) is used, the 
liquid interface is never below point of constriction /  nor above 
that at g.

O /  & 4- 6 7 8 9 / 0 / /  /A/3/4-/JT
/?£-j/s 7>\/YC£: '- e  rr//v&
F ig u r e  3 . C a l ib r a t io n  C u r v e
R ate  of d ischarge vs. resistance  position

Lim itations 2 and 3 m ust be m aintained for constant de­
livery rates. L im itation 1 is not required b ut is convenient 
in  obtaining a sim ple equation.

If the surface of the heavy liquid m oves down a distance 
A X  in  side B, the general equation for static  displacem ent, as 
calculated b y  hydrostatics, is
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or

(6  +  A X )p b  =  (o  — A X ) p a  +  2 p c A X

dP A +  AX(2 PC — PA — pe) 
Pb (1)

b, a, and A X  are dim ensions shown in  Figure 1, and pB 
are the densities of the liquids in sides A  and B , and pc is the 
density of heavy  liquid.

L et Li be the volum e rate a t  which light liquid is introduced  
a t B  and let tube B  be designed as shown in Figure 2. Then, 
since A X  is the displacem ent of the heavy liquid a t C, the  
Volume of light liquid entering tube B  is A  A X , where A  is the 
cross section of tube B  where its diam eter is D .

Of the liquid charged, Li — A h X  remains to increase head b 
and this increase, A6, m ay be written

A b =
-  A AX

where a  is the cross section of tube B  where diam eter is d. 
From  Equation 1

A b
- o

2 Pc — Pa — Pb^
Pb

,  Li =  (

, AZ

2p°  - pa. -  pb\  a A X  +  A a X  
Pb  )

and

A AX =  L-i, since D a =  D B 

D ivid ing L i  by L 2

T T (2pc — Pa — P s)a  +  A pb
Ll ~ U --------------- S I ---------------

or

t =  (2pc — Pa  — Pb) ( d / D ) 1 +  Pb  
Pb

(2)

If the design is th at shown in  Figure 1, w ith  tubes A  and B  
of equal and uniform diam eter, E quation 2 simplifies to

Ll =  12 ( 2PCpfl PA -  l )  +  £»

In  th is case, the capacity of the still m ust be increased for a 
given delivery rate, ¿ 2.

Methylene Chloride
In the Extraction and Determination of Vitamin A and Oil in Soupfin Shark Livers

PAUL C. TO M PK INS AND R EN E A. BOLOM EY  
D ep artm en t o f  C h em istry , S tan ford  U n iversity , C alif.

PE R O X ID E -free d iethyl ether is generally em ployed  
in the extraction of vitam in A -contain ing oils derived  
from fish livers. T his solvent interferes w ith  the Carr- 

Price (.if) and the R osenthal-Erdelyi (6 , 7) colorimetric re­
actions used to  determ ine the potency of the oil, and m ust be 
removed. Furthermore, to prevent an appreciable destruc­
tion  of the v itam in  it  has been found necessary to  evaporate 
the so lvent in  an oxygen-free atm osphere (S).

T he present investigation shows th at if d iethyl ether is 
replaced by  m ethylene chloride in  the extraction process, 
several advantages are realized. T he tim e required for rou­
tine colorimetric determ inations is considerably reduced, since 
the so lvent containing the oil m ay be directly added to  the  
chloroform solution of antim ony trichloride. T he possibilities 
of vitam in A  destruction are reduced b y  elim inating the  
necessity of rem oving the solvent and, therefore, better agree­
m ent betw een duplicate results can be obtained w ith m ethyl­
ene chloride than w ith ether extraction. In  addition, 
“refrigeration grade” m ethylene chloride m ay be used w ithout 
further purification.

E xperim ental
The potency of pooled oils and of oils obtained from individual 

soupfin shark liver samples was determined by the Carr-Price 
reaction, its Rosenthal-Erdelyi modification, and ultraviolet 
absorption. In each case the dilution principle advocated by 
Norris and Church (5) was employed. The color intensity 
of the Carr-Price reaction was measured at 620 m^ with a Coleman 
10-S spectrophotometer (5 in/i slit width), while that of the 
Rosenthal-Erdelyi reaction was evaluated with a Klett-Sum- 
merson photoelectric colorimeter equipped with a green (No. 54)

filter. The ultraviolet absorption was determined at 328 m î with 
a Beckman quartz prism spectrophotometer, using isopropanol 
as the solvent.

Each instrument was standardized against the same natural 
vitamin A  ester concentrate. The potency of the concentrate 
was established spectrographically by Distillation Products, 
Inc., and was confirmed in this laboratory using the Beckman 
spectrophotometer. The Beckman and the Coleman spectro­
photometers were calibrated with potassium chromate solutions 
as recommended by Wilkie (10).

M e t h y l e n e  C h lo r id e  a n d  C h lo r o f o r m  in  t h e  C a r r - P r ic e  
a n d  R o s e n t h a l - E h d e l y i  R e a c t io n s .  A  sample of extracted 
soupfin shark liver oil (about 0.25 gram) was weighed in a tared 
25-ml. volumetric flask. The experimental sample was dissolved 
in methylene chloride and the control in chloroform. Both  
samples were further diluted as required and were treated with 
a chloroform solution of antimony trichloride prepared according 
to the method of Koehn and Sherman (4). The resulting con­
centration of methylene chloride in the experimental series

T a b l e  I. C o m p a r iso n  o f  C h lo r o f o r m  a n d  C h lo r o f o r m -  
M e t h y l e n e  C h lo r id e  a s  S o l v e n t s  in  t h e  C o lo r im e t r ic  

A s s a y  o f  V ita m in  A
C olorim etric  D e term ina tions

R eaction

R osen tha l-E rde ly i

C arr-P rice

Oil
C h lo ro fo rm -

m ethyleno
Pool C hloroform chloride

J .  U./ff. I. U./o.
3 42,900 42,500
4 386,000 388,000
X 5,350 5,400
3 41,800 39,300
4 370,000 369,000
5 166,000 166,100
X 6,100 6,200
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amounted to 10 per cent by volume. The same conversion 
factor was used to calculate the potency of both series shown 
in Table I.

M e t h y l e n e  C h l o r i d e  E x t r a c t i o n  o f  O i l  a n d  V i t a m i n  A . 
Methylene chloride was compared with ether in the extraction 
of oil and vitamin A from shark livers. Liver samples previously 
frozen in dry ice were homogenized in a Waring Blendor and 2- to 
3-gram aliquots were extracted by the short method of Stansby 
and Lemon (5). A 5- or 10-ml. aliquot of the supernatant solu­
tion was evaporated to dryness in a tared 50-ml. beaker and the 
percentage of oil in the liver was calculated from Formula 3.

When methylene chloride was used as the extracting agent, 
a 1-ml. aliquot of the extract was diluted with chloroform for the 
colorimetric procedures, or with isopropanol for direct absorption. 
Ether, when used as the extractant, was removed from the 
aliquot by immersing the flask in a 40° to 50° C. water bath and 
blowing a stream of an inert gas (methane) over the solution. 
The ether-free oil was then diluted to 25 ml. with the appropriate 
solvent and the weight of oil in each aliquot was calculated from 
Formula 2. Typical results are shown in Table II.

C a l c u l a t i o n  o f  R e s u l t s .  [The procedure of relative 
aliquots for the sim ultaneous evaluation of oil and vitam in  A  
in  a determ ination is that used in  the Technical Fisheries 
Laboratory, U . S. D epartm ent of Interior, Seattle, W ash. 
(*)•]

If the aliquot m ethod outlined above is used, one m ust 
bear in m ind that the volum es of solvent and oil are nearly 
additive. T he volum e of so lvent in  any given aliquot is 
then calculated from the approxim ate formula:

v, = ya -  ^  (i)

where V . is the volum e of solvent, V* is the aliquot volum e, 
T70 is the w eight of oil, and D  is the average density  of the  
oil.

U sing the value for V . as determ ined in  Formula 1, the oil 
extracted by  100 m l. of solvent m ay be found from :

Wo X 100
V. {Z)

and the percentage of oil in the original sam ple becomes:

Wo X 100 100
V. X W l w

where W l  is the w eight of the liver sample.
T he percentage of oil determ ined and calculated in  this 

manner was in  agreem ent w ith  values obtained by  Soxhlet 
extraction, and vitam in  A  potencies were in  agreem ent w ith  
determ inations m ade on weighed sam ples of the extracted  
oil.

D iscu ssion

W okes and W illim ott (11) studied the antim ony trichloride- 
vitam in A  reaction in  solvents other than chloroform. T hey
dissolved n ot only the oil, but also the antim ony trichloride
in these solvents. In  all cases the sensitiv ity  of the reaction  
was dim inished, m aking the substitution  inadvisable for m any  
investigations. I t  w as found in  th is laboratory th at anti­
m ony trichloride was more readily soluble in  m ethylene  
chloride than in  chloroform. T ins advantage was offset 
by the fact that the resulting color in tensity  w as 30 per cent 
less; however, partial substitution of m ethylene chloride 
for chloroform had no effect on the sensitiv ity  of the re­
action, as shown in Table I.

According to the results shown in  Table II , m ethylene chlo­
ride is as efficient as ether in the extraction of oil and vitam in  
A. Although no benefit is gained in  the subsequent ultra­
vio let m ethod of assay, a  d istinct advantage is realized in  
colorimetric procedures. M oreover, better agreem ent can 
be obtained betw een duplicate determ inations when m ethyl­

ene chloride is used in  place of ether. T he essential valid ity  
of th is substitution is indicated in  the agreem ent between  
the results obtained b y  the physical and chemical m ethods of 
analysis.

A ttem pts to use m ethylene chloride to extract th e un- 
saponifiable fraction proved unsatisfactory, since persistent 
em ulsions were encountered. Oils of potency less than 10,000
I . U . per gram are seldom  received in  this laboratory and, 
therefore, saponification is required in  bu t very few cases.

E ven  though m ethylene chloride is less volatile than diethyl 
ether, great care in  handling th is so lvent is required to  prevent 
loss b y  evaporation. M oreover, because of the toxicity of 
th is solvent all operations should be conducted in  a well- 
ventilated  place. A ttem pts are being m ade by  others in 
th is laboratory to find solvents w hich will reduce these dis­
advantages.

Confirmation of the value of m ethylene chloride in  ex­
tracting oils containing vitam ins is afforded in  the proposed 
m ethod of the U . S. Pharmacopoeia (9 ) for the assay of cap­
sules of halibut liver oil.

T a b l e  II. C o m p a r i s o n  o f  E t h e r  a n d  M e t h y l e n e  C h l o r i d e  
i n  t h e  E x t r a c t i o n  o f  O i l  a n d  V i t a m i n  A

Oil in L iver V itam in  Aa
M ethy lene Assay M ethy lene

Sam ple E th e r chloride M ethod E th e r chloride
% I. U ./g. I. U ./g.

2 5 6 .0 55 .2
C -P l • • •
R -E  c 127,400 134,500
U-V<¡ 132,000 134,800

4 61.1 6 1 .5
C -P 112,600 106,000
R -E 115,200 113,000
U-V 109,800 108,200

5 60 .3 59 .7
C -P 104,000 104,000
R -E 104,000 101,000
U-V 105,500 104,700

118 7 9 .6 7 9 .3
C -P 234,000 236,000
R -E 232,000 233,000
U-V

120 6 8 .2 6 8 .5
C -P 27,000 27,200
R -E 27,000 26,900
U-V

122 7 0 .4 7 0 .6
C -P 32,950 33,100
R -E 33,400 33,000
U-V • • •

126 5 3 .0 53 .3
C -P 184,700 185,000
R -E 183,500 183,000
U-V

a Assays for a  given sam ple w ere ru n  on a liquo ts  of sam e ex trac t.
C arr-P rice . 

c R osen tha l-E rde ly i. #
U ltrav io le t absorp tion .

Sum m ary

M ethylene chloride is comparable to ether for the extraction  
of oil in soupfin shark livers, b u t n ot for the separation of the  
unsaponifiable fraction. V itam in A m ay be determ ined  
directly on an aliquot of the m ethylene chloride extract. 
Through the use of m ethylene chloride it  is possible further 
to sim plify an already rapid routine m ethod for the sim ul­
taneous determ ination of oil and vitam in A  in these livers.
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T h i s  investigation  is incidental to  a  su rv ey  on th e  v itam in  A po ten cy  of soup- 
fin shark  livers. T h e  survey  is p a r t  of a  p rog ram  investigating  th e  en tire  
C alifornia soupfin sh ark  fishery and  is conducted  by  th e  C alifo rn ia  D ivision 
of F ish  and  Game.

Rapid Determination of Sodium Chloride in the 
Presence of Protein

Application to Salt-Cured Food Products

W . J . D Y E R , A tla n tic  F ish eries E xp erim en ta l S ta t io n , H alifax, N . S ., C anada

S odiu m  chloride in  p ro te in -co n ta in in g  m a ­
teria l and so lu tio n s is  d eterm in ed  by d irect 
titra tion  w ith  0.0856 N  silver n itra te , u sin g  
dichlorofluorescein  as an  adsorption  in d i­
cator (40 to  100 m g . o f  sod iu m  ch loride in  
a vo lu m e o f  400 m l.). A 0.2 N  sod iu m  
a ce ta te -a ce tic  acid  buffer o f  pH 4.5 is  added  
to  th e  so lu tio n  or m in ced  sam p le and

PR O T E IN  interferes in all the usual m ethods for th e  de­
term ination of chloride, and m ust be removed by  som e 
w et- or dry-ashing procedure. T his requires considerable 

tim e and inconvenience when large numbers of routine de­
term inations are to be carried out. A ttem pts to rem ove pro­
tein by various précipitants have not been satisfactory (2).

R ecently, adsorption indicators have come into common 
use for the direct titration of halide ions, and in  relatively  
sim ple solutions the m ethod is very  m uch more rapid and 
equally as accurate a s  the common Volhard procedure in  
which the chloride is precipitated b y  addition, of silver ni­
trate, and the excess silver ion titrated w ith thiocyanate 
C1, S, 12).

Dichlorofluorescein seem s to be the m ost suitable adsorp­
tion indicator for the chloride ion in dilute solution (6, 7, 9, 
10). Here also, low results are obtained in the presence of 
protein, apparently because of an adsorption of silver on the 
protein (6, 11).

In  fish m uscle the principal proteins have isoelectric points 
a t about pH  5 and 6 (5), and it  was reasoned th at th is adsorp­
tion should be a t a  minimum, and negligible in am ount, a t a 
hydrogen-ion concentration near the isoelectric point of the 
protein micelles. M uscle suspensions and extracts were 
titrated  in  sodium  acetate and phosphate buffer solutions over 
the range pH  3 to 9. Theoretical results were obtained between  
about pH  4 and 4.8 in the presence of protein, while in  pure 
salt solution the indicator was satisfactory betw een p H  4 and
7. R esults have been checked on sa lt fish, canned fish, fish 
m eals, bacon, etc., and on pickles and brines. T he optim um

allow ed to  sta n d  or boiled  and cooled . 
T h e sa lt is  com plete ly  extracted from  th e  
sam p le  and  i t  is  show n th a t  silver is  n o t  
adsorbed by th e  p rotein  p resent a t th is  
h yd rogen -ion  con cen tration . R esu lts  ob ­
ta in ed  agree closely w ith  th e  com m on  
V olhard m eth o d  o f  d igestion  -with n itr ic  
acid  in  th e  presence o f  silver n itra te .

pH  range was from 4.3 to 4.8 in each case, and the m ethod as 
finally developed was found to be entirely satisfactory from  
an analytical standpoint. In  the author’s experience, th e use 
of organic solvents as som etim es recommended did n ot result 
in  any im provem ent over the above m ethod.

R eagents
Dichlorofluorescein indicator, 0.1 per cent in 50 per cent 

ethanol.
Acetate buffer, equal volumes of 0.2 N  sodium acetate and

0.2 N  acetic acid, adjusted to pH 4.5 (± 0 .2 ) if necessary.
Silver nitrate, 14.52 grams in 1000 ml. of solution standardized 

against pure dry sodium chloride, 1 ml. =  5 mg. of NaCl.

Procedure
P i c k l e s  a n d  S o l u t i o n s .  T o an aliquot of solution con­

taining about 40 to 100 mg. of sodium chloride, add approxi­
mately 20 ml. of acetate buffer solution, and dilute to about 400 
ml. with distilled water. Add 10 drops of indicator and titrate 
with the silver nitrate solution, while slowly swirling the flask, 
until a pinkish red coloration appears throughout the solution. 
Titration must be fairly rapid, since the adsorption of the dye 
considerably increases the light-sensitivity of the colloidal silver 
chloride, thereby rapidly increasing the rate of aging and de­
creasing the sharpness of the end point. If the pickle contains 
much protein, a much sharper end point will be obtained if the 
solution is boiled for a minute or more after addition of the 
buffer and cooled to 20° C. before dilution and titration.

S a l t  F i s h  a n d  O t h e r  C u r e d  F o o d  P r o d u c t s .  A well- 
comminuted sample is mixed with 25 ml. of buffer, and diluted 
to about 75 ml. with water. The mixture is boiled for a few 
minutes, and cooled. The whole may then be diluted to 400 
ml. and titrated as before, or the solution may be made to 100 
ml. and an aliquot of the supernatant liquid used for the titra­
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tion. The weight of sample used will depend on the salt content 
and degree of subdivision of the sample. If it is desirable to 
use a large sample for the sake of uniformity in sampling, the 
titration of an aliquot containing 40 to 100 mg. is the preferable 
procedure. Either fresh or dried samples may be used, so that 
moisture and salt analyses are often conveniently made on the 
same sample. If a 0.5-gram sample is used, as is convenient with 
salt fish, the percentage salt content is read directly on the 
buret, 1 ml. being equivalent to 1 per cent of sodium chloride 
in the original material.

T a b l e  I. R e c o v e r y  o f  A d d e d  S o d iu m  C h l o r i d e

Sam ple N aC l A dded N aC l Found
R ecovery  of 
A dded N aC l

Mg. M g. %
Fresh  cod, 0.5 gram 0 0 .5 °

25 2 5 .3 iö i
50 51 .0 101

L ig h t s a lt  cod, 0.5 gram 0 6 0 .0
25 8 5 .2 iöi
50 109.5 99
75 135;0 100

H ard  s a l t  cod, 0.5 g ram 0 9 7 .5
25 122 .0 '9 8
75 170.3 97

a V olhard m ethod.

R esu lts  and  D iscu ssion

A  series of titrations was conducted on pure sodium  chlo­
ride solutions and on extracts of sa lt fish and of fish m eal w ith  
sodium chloride added, over a range of pH  3 to  8 in sodium  
acetate and phosphate buffers. T he results are shown in  
Figure 1.

A .
B .

C.

F i g u r e  1 . I n f l u e n c e  o f  p H  o n  T i t r a t i o n  E n d  P o i n t
1 ml. of A gN O i soln. *=* 5 mg. of N aC l

S tan d ard  so lu tion  of sodium  chloride. T ite r  — 11.60 ml.
S tan d a rd  so lu tion  of sodium  chloride +  1 g ram  of fresh  cod muscle.

T i te r  *= 11.80 ml.
S tan d ard  so lu tion  of sodium  chloride -f- e x tra c t of 1 g ram  of fish 

meal. T i te r  17.60 ml.
D o tted  lines show  indefin ite  end po in ts— approx im ate  lim its  shown.

A t acidities below pH  4 the indicator showed no color 
change, and above pH  7,5 the change becam e indefinite, 
an orange-yellow or yellow color being obtained. In  the  
presence of protein the end point becom es indefinite above  
approxim ately pH  6, a t an acid ity just below the point where 
an increased adsorption of silver occurs. T he am ount of 
silver and dye ions adsorbed b y  the protein increases as the 
solution is m ade more alkaline, and thus no definite end  
point is obtained in th is range.

It  is indeed shown th at betw een pH  4 and 5 a range prob­
ably slightly more acid than the isoelectric point of the known  
proteins present, little or no adsorption of silver or of chloride 
occurs. In  solutions containing considerable soluble protein, 
such as those from fish m eal where the sa lt content is low and  
consequently a high dilution cannot be used, a pH  of 4 .2  to
4.8 gives results agreeing w ith the Volhard m ethod. A buffer 
of pH  4.5 was accordingly selected for routine use.

This indicates th at cod and haddock muscle has an apparent 
isoelectric point near pH  4.5. Other work on the salting of 
cod m uscle (4) has also shown an apparent isoelectric point 
between pH  4.0 and 4.5. Further study of the proteins pres­
ent is needed, although the isoelectric point does not neces­
sarily coincide w ith  the point of m inim al acid and base-bind­
ing capacity (5).

R ecoveries of added sodium chloride are shown in T able I 
and agreement of results w ith those of the standard Volhard 
m ethod in Table II , on sam ples of salt cod, fish meal, and  
bacon. T he fish m eal sam ples were analyzed b y  boiling a 
suspension of 5 grams of m eal in 100 ml. of buffer and water, 
then adding 50 m g. of sodium  chloride (standard solution), 
to  a 20-ml. aliquot of the suspension. Otherwise the salt con­
tent was too low, and insufficient colloidal silver chloride was 
formed to  allow easy observation of the end point.

T a b l e  I I .  C o m p a r is o n o f  A d s o r p t io n I n d i c a t o r  a n d
V o l h a r d  M e t h o d s

Sodium  C hloride F o u n d
Sam ple A dsorption in d ica to r V olhard

% %
H a rd  s a lt cod, 0.5 gram 1 9 .S (± 0 .2 )« 19 .9  ( ± 0 .3 )°
L igh t sa lt cod, 0.5 gram 11.3  ( ± 0 .2 ) » 11 .2  (± 0 .2 )0
Bacon, 5 gram s 1 .30  (* 0 .0 3 ) “ 1.31 (± 0 .0 3 )°
Fish meal, cod 3 .0 0 , 2 .9 5 2 .9 3 , 2 .91
F ish  m eal, herring 0 .7 5 , 0 .7 0 0 .72 , 0 .7 3

a A verage of 4 de te rm inations. *

R ecovery of added salt is very satisfactory, and the results 
agree w ith  the standard m ethod.

Com plete extraction of salt from a m inced sam ple b y  the  
buffer solution was obtained. Boiling for 2 to  5 minutes, 
followed by cooling to  room tem perature, gave the sam e re­
sults as extracting for approxim ately 3 hours at room tem pera­
ture, and the end point was considerably more satisfactory. 
Decreasing the extraction tim e to  less than 3 hours at room  
temperature resulted in incom plete extraction, as found by  
comparison w ith the wet-digestion m ethods.

T he presence of fat or oil in fish m eal or m eats had no in­
fluence on the results. T he m ethod has been in  continuous 
use for more than a year in the research and routine analyses 
of salt fish and other fishery products.
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Spectrophotometric and Biological Assay 
o f Vitamin A in Oils

N . H . COY, H . L. SA SSAM A N, a n d  ARCHIE BLACK  
E. R . Squibb  & S on s, N ew  B ru n sw ick , N . J .

IN  A N  earlier publication (2) comparisons were m ade be­
tw een the biological and spectrophotom etric m ethods of 

assay of vitam in  A  in a series of fish liver oils. Since that 
publication a new U . S. P . reference cod liver oil for biological 
assay of vitam in A  has been introduced. Spectrophotom etric 
tests on the stab ility  of th is reference have been performed 
and new comparisons betw een the tw o m ethods of assay have  
been made.

E xperim ental Procedure
P h y s ic a l .  The instrument used was a Judd Lewis ultra­

violet photometer with the different photometer units, including 
the source, rigidly mounted to the frame of a medium Bausch & 
Lomb ultraviolet spectrograph. The light source was a tungsten- 
steel spark. The density scale of the lower sector of the photom­
eter was calibrated over a range of density values of 0.60 to 1.00 
against three different concentrations of potassium chromate 
solution for each sample tested. Isopropanol was used as a sol­
vent for all the oils. Two weighings and two dilutions of each 
weighing were made for each sample. Match points were read 
from the image (magnification factor 6) of the plate projected on 
a white screen by a modified Bausch & Lomb projector.

The assays of the oils of lower potency were made on the un- 
saponifiable fractions and in some cases also on the whole oils. 
Two methods of saponification (2) were used for each oil.

B i o l o g i c a l .  The U. S. P. X I procedure was followed in all 
cases and the oils were handled in the manner previously reported 
(2).

T a b l e  I. U. S. P. R e f e r e n c e  C o d  L iv e r  O i l  2

No.
1
2
3
4
56
7
8 
9

10
11
12
13
14

£ 1%
1 cm.

(U nsaponifiable
F raction)

0 .7 8
0 .8 3
0 .7 5
0 .7 5
0 .81
0 .6 9
0 .7 0
0 .7 0
0 .71
0 .6 9
0 .7 3
0 .7 4
0 .7 7
0 .7 6

No.
1
2
3
4
5
6
7
8 
9

10
11

£ 1%  
cm.

1 cm.
(W hole)

0.8C
0.86
0.86
0.86
0.88
0 .8 5
0 .8 5
0 .8 2
0 .79
0.86
0 .8 5

= 0 .8 5  (coefficient of 
v a ria tio n  2 .86 )

e }%1 cm. 0 .7 4  (coefficient of v a ria tio n  5.95) 
C onversion  fac to r (unsaponifiable frac tion), 2300
C onversion  fa c to r (whole), 2000 
B ased  on value  of 1700 U. S. P . p e r g ram .

T a b l e  II. S t a b i l i t y  o f  U. S . P. R e f e r e n c e  C od  L iv e r  O i l  2
B ottle

Ño. D a te
1 1 1 /1 /4 0

1 2 /1 /4 0

2 4 /4 /4 1

4 /6 /4 2

3 4 /7 /4 1

11 /7 /41

4 /1 5 /4 2

E ]%
1 cm.

(unsaponifiable
(whole)
(unsaponifiable 
(whole)

(whole) 
(unsaponifiable 
(whole)
(unsaponifiable
(whole)
(unsaponifiab le
(whole)
(unsaponifiable
(whole)

frac tion)

fraction)

fraction)

frac tio n )

fraction)

frac tion)

fraction)

No. of 
M easu rem en ts

1
1
1
1
3
3
3
3
1
1
1
1
3
3

R esu lts
In  T able I  are listed  values obtained b y  spectrophotom etric 

assay of U . S. P . reference oil 2. T hese m easurem ents were 
m ade over a period of 2 years on freshly opened sam ples of 
the reference oil and each sam ple w as tested  w ithin the date 
labeled as safe. N o  significant variation of m easurem ent was 
obtained among the sam ples tested.

T able I I  includes data on the stab ility  of standard reference 
2 as indicated b y  assays carried out on three bottles. T he 
assays were m ade when the bottles were first opened and also 
after intervals varying from one m onth to  a year. After  
each measurement the bottles were flushed w ith carbon di­
oxide, stoppered, and stored in the refrigerator. A  loss in 
vitam in A  potency after several m onths w as indicated.

T a b l e  III. P is h  L iv e r  O i l s
A verage Coefficient

Sourco of No. of Po tency  R anąe , C onversion of
V itam in Sam ples Biological U nits F ac to rs V aria tio n 0

C od live r oil 32 1,000-4,850 2170 0 .5 4
(unsaponifiable
trac tion)

Cod liver oil 12 1,000-4,850 2070 9 .3 2
(whole)

H igher P o tency  Oils
Capsules
T ab le ts

4 1,330-9,700 1900 3.23
8 2,070-11,800 2030 7 .5 8

S hark  liver oil 12 4,500-98,000 1910 6 .54
T u n a  liver oil 9 12,500-85,000 1910 7 .2 7
H a lib u t liver oil 10 38,000-201,000 1960 8 .0 8
V itam in  A ester 7 202,000-520,000 1970 4 .8 2

concen trates
V itam in  A con­ 7 205,000-1,200,000 1850 6 .0 0

cen tra tes
M iscellaneous 4 7.800-9,200 2050 3 .9 3

W eighted  average conversion fac to r for h igher po tency  oils, 1940.
s tan d a rd  d ev ia tion  X  100a Coefficient of v a ria tio n  * average conversion fac to r

T able I I I  lists values obtained w ith 93 sam ples o f fish 
liver oils varying from cods of biological potency of 1000 
units to concentrates of over 1,000,000 units per gram. These 
are segregated into groups. T he number of sam ples tested, 
potency range in biological units, average conversion factors, 
and coefficients of variation are listed. T he conversion factors 
for the oils of higher potency are in good agreement, but the  
average factor of 1940 for th is group is smaller than th at of 
2170 for the unsaponifiable fraction of the cods. T he 93 
samples represent all the sam ples tested  over a definite period, 
w ith the exception of tw o m ultiple vitam in  capsules. A b­
sorption curves for these tw o atypical sam ples, along with that 
of a sample giving a typical vitam in A curve, are shown in  
Figure 1.

Table IV  compares the conversion factors of the tw o refer­
ence oils based on the claimed unit contents and also the  
conversion factors of the test oils which are com puted from  
the biological assay results obtained w ith the tw o reference 
sam ples.

D iscu ssion  o f R esu lls
T he data in T able IV  show that the average conversion  

factors for the test oils have undergone a significant decrease

4 4 1
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T a b l e  IV. C o n v e r s i o n  F a c t o r s

U. S. P . reference 1 (unsa­
ponifiable fraction)

U . S. P . reference 2 (unsa­
ponifiable fraction)

C od liver oil (unsaponifi- 
ab le  frac tion), Series I«*

Cod liver oil (unsaponifi­
able fraction), Series I I  

H igher po tency  oils, Series 
Id

H igher po tency  oils, Series 
II
a M easurem ents m ade on four fresh ly  opened bo ttles  of U. S. P . reference 

1, averages given in (5). 1-gram  sam ples used. 
b B ased on biological va lue  of 3000 U. S. P . 
c B ased on biological va lue  of 1700 U. S. P . 
d See (£).

No. of 
isurem ents

C onversion
F a c to r

Coefficient 
of V aria tion

14° 21804 2 .4 0

14 2300 c 5 .9 5

22 2700 6 10.30

32 2170 c 6 .54

31 22006 9 .6 0

61 1940 c 7 .01

Wave Length, mu

F i g u r e  1 . A b s o r p t i o n  C u r v e s  i n  
I s o p r o p a n o l  S o l u t i o n

1, 2. E xperim en ta l m ultip le  v itam in  capsules 
giving a ty p ica l v ita m in  A ab so rp tion  curves 

3. E xperim en ta l m u ltip le  v ita m in  capsule giv­
ing  a  norm al v itam in  A curve

w ith the advent of U . S. P . reference cod liver oil 2. Since 
there has been no change in the spectrophotom etric technique, 
it  is probable that this change is associated w ith the biological 
test. Such a lowering of the conversion factor could result 
from differences in the size of the unit of vitam in A  in the two  
reference sam ples, b u t such an explanation is not consistent 
w ith all the facts. T he conversion factors of reference samples
1 and 2 com puted on the basis of the claimed unit content are 
in fair agreem ent; in fact, th at of the former is slightly lower 
than the latter. I t  would appear more probable that such a 
lowering of the conversion factors is due to differences in  the  
stabilities of the tw o reference oils. A  relatively short tim e 
elapses between the opening of a fresh b ottle of reference and  
the completion of a spectrophotom etric test, whereas there 
is  considerable opportunity for loss of a ctiv ity  to occur before 
and after the feeding of the diluted reference to the test rats. 
Thus, if reference 2 were more stable than reference 1, it  would 
produce the sam e effect in the biological test as would a refer­
ence containing larger units.

Spectrophotometric data listed in  T able II on reference 
oil 2 and data  previously published (2) on reference oil 1 indi­
cate that neither of these oils as received from the U . S. P. 
com m ittee has shown any loss in potency; however, spectro­
photom etric measurements on reference 1 suggest a rapid loss

of vitam in A  potency in sam ples which had been opened and  
allowed to stand in the refrigerator, as evidenced by a drop in  
the value of about 14 per cent. Similar measure­
m ents on the new reference also suggest a  loss of vitam in A  
potency with tim e as indicated in Table II , b u t the deteriora­
tion appears to be less rapid than th at for reference 1, a  drop 
of 14 per cent occurring after several m onths rather than  
weeks.

I t  would thus seem  that im provem ents could be m ade on 
the stab ility  of the reference oil, possibly by  the use of anti­
oxidants. I t  was pointed out by  D yer et al. in 1934 (3) that 
the biological activ ity  of carotene or cod liver oils was af­
fected b y  the oil which was used as a  diluent for feeding. 
R ecently Hickm an (5) and Quackenbush (6 ) have shown that  
vitam in E  possesses antioxidant properties for vitam in A or 
carotene in v ivo as well as in vitro. T hese studies suggest 
that som e of the variations in biological assays m ay be due to  
differences in the content of vitam in E or other antioxidants 
in different sam ples. Studies of the problem are now in 
progress in this laboratory.

A survey of the data listed in Table II I  indicates a high  
degree of correlation betw een the spectrophotom etric and 
biological assays of vitam in A. T he average conversion factor 
of 1940 for the higher potency fish liver oils is lower than the  
value of 2000 recently proposed as a working value for com­
parisons between m easurem ents m ade in different labora­
tories. T his factor is lower than th at of 2170 found for the 
unsaponifiable extract of cods. All these factors are lower 
than that of 2460 reported by  Baxter and R obeson (1) for 
crystalline vitam in A .

There were only tw o sam ples in this survey Which did not 
give comparable results by  the spectrophotom etric and b io­
logical m ethods. Absorption curves of these sam ples are 
given in Figure 1. Curve 1 is the absorption curve of an ex­
perim ental m ultiple vitam in capsule, in  which the biological 
assay gave a lower value than did the spectrophotom etric 
assay. T he absorption curve is resolved into three distinct 
"flats” in the regions of 340 m/a, 365 m̂ u, and 390 -m/i and  
resembles the absorption curve of a  m ixture of vitam in A and  
cyclized vitam in A as reported b y  Em bree (4). T he inter­
pretation was th at the vitam in in the capsule had been par­
tia lly  cyclized and hence a measure of the absorption a t 328 
m u  did not g ive a true measure of the vitam in  A  potency.

The second case was that of another experim ental m ultiple 
vitam in capsule, the absorption curve of which is p lotted as 
curve 2 in Figure 1. In  this case the absorption peak was 
shifted to 318 mju; in addition there was a rather high flat at 
300 m / i  and the ratio of biological assay to  E \^ m_ was low. 
T his seem s to compare w ith a case of destruction due to  
oxidation as reported by  R obinson (7). In  neither case could  
the spectrophotom etric m ethod give an accurate value of the 
vitam in A potency of the sample, and the inaccuracy of the 
assays was indicated b y  the absorption curves.

Sum m ary
Spectrophotom etric m easurem ents on fresh sam ples of 

U . S. P . reference sam ple 2 over a period of 2 years are re­
corded. T he average conversion factor, com puted on the 
basis of claimed content of 1700 U . S. P . per gram, is 2280 for 
the unsaponifiable fraction and 2000 for the whole oil.

The conversion factors com puted from biological and spec­
trophotom etric measurements on 32 cods and 61 oils of higher 
vitam in A potency show a decrease of from 20 to 14 per cent 
from those com puted when the older standard reference oil 1 
was used in  biological assays. T he new conversion factors 
are 2170 for the unsaponifiable fraction of the cods and 1940 
for the higher potency oils. T he suggestion is m ade th at  
such a decrease in the conversion factors is due to a difference 
in the stability  of the tw o references.
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There was good agreem ent between the results of the bio­
logical and spectrophotom etric tests of all bu t two samples. 
T he absorption curves of these were not typical for vitam in  
A  and thus served as an indication th at the spectrophotometric 
m ethod could not give an accurate assay in such cases.
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Laboratory Cooking, Mashing, and Fermentation 
Procedures

W . H . STAR K , S. L. ADAM S, R . E. SC ALF, AND PAUL KOLACHOV, Josep h  E. Seagram  & Sons, In c ., L ou isv ille , Ky.

A procedure is  p resented  for con d u ctin g  
te s t  laboratory ferm en ta tio n s for th e  pro­
d u ctio n  o f  a lcoh ol from  corn, w h ea t, or rye. 
T h e an a ly tica l procedures and m eth o d s o f  
ca lcu la tin g  resu lts  are described. T h e pro­
cedure is su ffic ien tly  flexible to  b e u sed  for 
te stin g  a variety o f ferm en ta tio n  con d i­
tio n s or ferm en ta tio n  raw m ateria ls .

TH E R E  has been no generally accepted m ethod for 
laboratory studies of the grain alcohol ferm entation  
process. D uring the course of numerous studies involving  

the ferm entation of corn, wheat, and rye m ashes, it  was 
necessary to develop an accurate procedure yielding re­
producible results. T he objective was a m ethod which would  
yield experim ental results closely comparable w ith production  
data. T hus a standard control by  this technique should  
yield  as m uch alcohol as could be expected in  an efficiently  
operated distillery when the sam e grains are processed. 
Furthermore, since it  w as necessary to  evaluate the results 
obtained when varying one processing condition such as a 
conversion, cooking conditions, or type of grain, the m ethod  
had to encom pass a high degree of accuracy. A s a result 
of the continued im provem ent and extensive use of this 
procedure, the authors are now  convinced of the accuracy  
of the m ethod and feel th at the experim ental error is les3 
than 1 per cent. Only ordinary laboratory equipm ent is 
required.

T his paper presents detailed procedures for the preparation 
of the m ash and the analytical m ethods em ployed to obtain  
essential data. Since distillery nom enclature is often con­
fusing, the term s are defined and all calculations are ex­
plained and shown by exam ple. T ypical laboratory fer­
m entation data are presented. Below  is the procedure for 
preparing 1.5 liters o f m ash at a  concentration of 38 gallons 
of m ash per bushel of grain (gallons of m ash per bushel, the  
to ta l volum e in  gallons which contains 1 bushel of grain).

C ooking and  C onversion Procedures
P r e s s u r e  C o o k i n g .  Grain Bill, 92 per cent corn or wheat, 

8 per cent distillers’ barley malt (Lintner value—minimum 175° 
dry basis).

M e a l  A n a l y s i s .  These grinds (Table I) can be obtained by 
grinding through the medium screen of the Wiley mill. Other 
mills may be substituted, provided comparable grinds are ob­
tained.

Moisture. At the time of mashing weigh a 10-gram sample 
of each of the ground grains employed into a tared dish, dry this 
sample at 110° C. for 3 hours, and reweigh.

Starch Content. Starch analysis is made by the A. 0 .  A. C 
diastase-hydrochloric acid method (1).

C o o k i n g .  Place 883 cc. of tap water in a 2-liter beaker. 
Clamp the beaker in a water bath (any suitable vessel), so that 
the beaker is at least half submerged. The water in the beaker 
should be mechanically agitated with a propeller driven by 
a variable-speed laboratory motor.

Heat to 100° F. (temperature of water in beaker) and add 2.33 
grams of distillers’ barley malt. (Fahrenheit temperatures are 
used in conformity with industrial practice.)

Heat to 130° F. and add 241.2 grams of corn or wheat.
Remove source of heat.
Check pH, taking care to keep the entire procedure as quanti­

tative as possible.
Adjust pH to 5.6 with N  sulfuric acid.
Heat to 170° F. (at such a rate that this temperature is at­

tained in about 20 minutes), measure, and record the volume 
by dry inches (the number of inches from the surface of the mash 
to the top of the container).

Increase the temperature to approximately 200 ° F. as rapidly 
as possible and hold at this temperature for 1 hour. However, 
start timing when the temperature reaches 185° F.

At the end of 1 hour make up the volume to equal that at 
170° F.

Autoclave at 22 pounds for 1 hour. (The mash should be 
mechanically agitated at all times except when checking dry 
inches and when the cook is autoclaved.)

T a b l e  I
Corn, W heat, B arley  M alt,

G rind M esh % % %
On 12 0 .0 0 .0 0 .0
On 16 0 .5 0 .0 0 .5
On 20 2 .0 6 .0 1 .5
On 30 25 .5 55 .5 11.0
On 40 3 2 .0 2 2 .0 3 0 .5
On 60 3 7 .5 8 .0 2 0 .5
T hrough 60 12.0 14 .5 2 3 .5

C o n v e r s i o n .  After removing the cook from the autoclave 
place it in a water bath and agitate mechanically. It is important 
to have the temperature of the water bath between 160 0 and 170 ° F. 
at the time the cook is added. Cool the water bath to 145° F. 
and add the conversion slurry, consisting of 140 cc. of water and 
20.95 grams of distillers’ barley malt, when the temperature of 
the cook reaches 152° F. Make the malt slurry 30 minutes 
before using and heat to 130° F. immediately before adding 
it to the cook; warm the slurry in a water bath with occasional 
stirring.

Flash Conversion Method. As soon as the malt slurry is added 
to the cook, stir until there are no lumps (manual as well as 
mechanical stirring is frequently required) and then cool as 
rapidly as possible to 72° F. The conversion pH should be 
5.4 to 5.5 (this need not be checked, since the adjustment of the 
pH for cooking will place the conversion pH in this range).
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F i g u r e  1 . L a b o r a t o r y  F e r m e n t a t i o n  F l a s k  
E q u i p p e d  w i t h  C a r b o n  D i o x i d e  S c r u b b e r

Sixty-M inute Conversion Method. Flash conversion is a 
superior production method which is gaining favor in the industry 
and normally results in increased alcohol yields. However, this 
method occasions more difficulty in the laboratory if efficiency 
data, based on sugar analysis, are desired (see method B, section 
on calculation). As an alternate, the 60-minute conversion 
method (comparable with the old standard plant procedures) 
may be employed. In this case, the mash is mechanically 
agitated after addition of the malt slurry for 60 minutes while 
held at 145° F., then cooled rapidly to 72° F.

I n f u s i o n  P r o c e s s  ( A t m o s p h e r i c  M a s h i n g ) .  T he pro­
cedures described above are used frequently in  research and 
control work in  connection w ith  m odem  grain alcohol plants. 
H ow ever, it  is occasionally desirable to em ploy the infusion  
process when testing the ferm entation of w heat, rye, or 
m alt m ashes. T hese grains do not require pressure-cooking 
for efficient gelatinization of the starch.

Wheat. H eat 883 cc. of tap water to 100° F. as above, add 
241.2 grams of wheat slowly, raise the temperature to 155° F. 
in 45 minutes, and hold for 60 minutes; then cool to 152° F. 
and add the malt slurry containing 23.3 grams of malt prepared 
as described above. Hold the mash another 30 minutes at 
145 ° F. and then cool to 72 ° F. The mash must be mechani­
cally agitated at all times.

Rye. Heat 883 cc. of tap water to 100° F., add 23.3 grams of 
malt slowly, agitate the slurry 5 minutes, then add 241.2_grams 
of rye slowly. Raise the temperature to 130° F . in 30 minutes, 
hold 15 minutes, raise to 145° F . in 15 minutes, and hold at 
145° F. for 60 minutes. At the end of this period cool the mash 
rapidly to 72° F. The mash is to be mechanically agitated at 
all times.

F erm en ta tio n  C onditions
P r e p a r a t i o n  o f  Y e a s t  f o r  I n o c u l u m .  Transfer one loop 

of yeast from slant to test tube containing 10 cc. of 16° Balling 
m alt extract. Transfer every 24 hours for 2 days through the 
same medium, transfer contents of the last tube to 200 cc. of 
the same medium, incubate for 20 hours at 86 ° F ., and then use 
for inoculum.

P r o c e d u r e  f o r  S e t t i n g  F e r m e n t e r s .  T his is a critical 
step  in  the procedure. Failure to observe reasonably aseptic

conditions will result in contaminated fermentations and 
nullify the final data. Lack of observance of quantitative 
technique has the same result.

Pour cooled converted cook into clean, sterile 2-liter graduated 
cylinder.

Add 300 cc. of sterile thin stillage (whole residue from distilla­
tion of alcohol from fermented mashes. Thin stillage is screened.) 
Water may be used when stillage is unavailable.

Mix thoroughly with propeller.
Adjust pH to 4.8 with N  sulfuric acid if necessary.
Make volume up to 1500 cc. with tap water.
Mix well by pouring back and forth from graduate to beaker 

once or twice.
Check pH; if above 4.85 set back to 4.8 with a few drops of 

4 N  sulfuric acid.
Add 7 cc. of yeast (2 per cent of total mash volume) to each 

sterile, tared fermenter.
Measure mash into fermenters as follows: Rinse dry sterile 

500-cc. graduate w ith 50 cc. of mash. Measure out 350 cc. of 
mash and pour into fermenter (Figure 1), allowing to drain 
until there is only 1 drop every 2 seconds.

Fill three fermenters from each cook as described above. 
Use a different graduate for each cook. Mix mash in beaker 
well each time before pouring into cylinder.

Attach trap to fermenter as follows (see Figure 1): Place 2 cc. 
of mercury, glass beads to a depth of about 1.25 cm. (0.5 inch) 
and 50 cc. of distilled water in a 25 X 200 mm. test tube. A 
glass tube extends to the bottom of this trap and is connected 
with a one-hole rubber stopper in the fermenter by a short piece 
of rubber tubing. The connection between trap and fermenter 
should be sterile.

I n c u b a t io n . I t  has been the practice to incubate mash 
fermentations in a constant-temperature water bath (Figure 
2). Air incubation may be used, but it is believed that baths 
are more satisfactory.

Incubate at 72 ° F. for the first 20 hours.
Incubate at 86° F . for the next 30 hours.
Incubate at 90° F. for the final 16 hours.
At least twice during fermentation, at 20 and 50 hours, shake 

the fermenter thoroughly by swirling until all mash adhering 
to the bottom of the flask is in suspension.

Fermentation Analysis
The majority of the work in these laboratories has neces­

sitated only initial final analyses. Periodic analyses may be 
made, but when maximum accuracy is desired only final 
analyses should be determined. The individual will vary 
these procedures to fit his own requirements. These again 
are critical, since work of this type frequently involves slight 
differences in yield, which are significant and must be so 
established. The analyses to be made will depend on the 
data desired, which can be selected after reading the section 
on calculations.

I n i t i a l  D a t a .  Sample. The initial data are obtained by 
the analysis of the mash remaining after the fermenters are set. 
All analyses are run on the supernatant obtained by centrifuging 
the mash, with the exception of initial total sugar analyses of 
flash converted mashes, which are treated as described below. 
The mash is centrifuged at 2000 r. p. m. for 10 minutes. Filtration 
through coarse paper may be substituted.

a. pH. Take pH using potentiometer and glass electrode.
b. Titratable acidity. Titrate 10 cc. of centrifuged sample 

to the phenolphtbalein end point with 0.1 N  sodium hydroxide. 
Record as cc. of 0.1 N  sodium hydroxide per 10 cc. of sample.

c. Sugar concentration.
1. Maltose. Determine reducing sugar in centrifuged 

sample of mash by the method of Stiles, Peterson, and Fred (2), 
(20 minutes’ oxidation and employ correction factor determined 
for reagent on maltose).

2. Total sugar, flash converted mashes. As soon as fer­
menters are set, weigh 100 cc. of excess mash into small Erlen- 
meyer flask. Adjust pH to 5.4 to 5.5 with a drop of concentrated 
sodium hydroxide and complete conversion by holding in the 
water bath to 145 ° to 150 0 F. for 1 hour. Shake every 5 minutes, 
being careful not to splash mash high on the side of the flask. 
Adjust to initial weight with water and centrifuge sample. 
Hydrolyze exactly 5-cc. sample with 5 cc. of 1.38 N  hydrochloric
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F ig u r e  2 . L a bo r ato r y  W a t e r  B a t h s

Equipped with agitators, thermoregulatora, heating units, and cooling ooils for accurate temperature control

acid by boiling for 2.5 hours, then run sugar by method of 
Stiles, Peterson, and Fred.

3. Total sugar, 60-minute converted mashes. Centrifuge or 
filter sample of excess fermenter mash. Hydrolyze with hydro­
chloric acid as above and run sugar.

d. Balling. Determine on the undiluted supernatant with 
an 8° to 16° Balling hydrometer.

F i n a l  D a t a .  Preparation of Sample. Mix the fermented 
mash thoroughly, weigh the fermenter, and calculate the weight 
of mash. Weigh exactly one half of the mash into a 1-liter 
distillation flask and add 50 per cent of the water in the trap to 
this sample, which is used for whole mash alcohol analyses for 
proof gallon per bushel yield calculations as follows (proof gallon 
per bushel is a term used to denote gallons of 100° proof alcohol 
yield from 1 bushel of grain. In distilling practice corn, rye, 
wheat, and malt are measured in 56-pound bushels. The bushel 
is measured on an air-dry basis unless otherwise stated.)

a. Distill into a 100-cc. volumetric flask with 5 cc. of water 
in the bottom. The condenser should be provided with a tip so 
that all vapors pass through the water in the receiver. (Receiver 
should be immersed in an ice bath.) D istill up to neck of volu­
metric receiving flask.

b. Warm distillate to room temperature, make up to volume, 
and determine alcohol with the immersion refractometer (usually 
used at 17.5° C.).

Centrifuge the remainder of the mash at 2000 r. p. m. for 10 
minutes and analyze the supernatant as follows:

a. pH, as initial.
b. Titratable acidity, as initial.
c. Balling. Final Ballings should be determined with a 

Balling hydrometer, range —2.0° to + 2 .0 ° , of such size that 
it may be used in a 50-cc. graduate for convenience.

d. Final sugar. Place a 5-cc. sample in a 25 X 200 mm. 
Pyrex test tube, add 5 cc. of 1.38 N  hydrochloric acid, and 
hydrolyze the sample in a boiling water bath for 2.5 hours. 
Determine the sugar content, calculated as glucose, by the 
method of Stiles, Peterson, and Fred (2 ).

e. Alcohol for efficiency calculation by Method B. Pipet 
50 cc. (volumetric pipet) into distillation flask, add enough 0.5 N  
sodium hydroxide calculated from titratable acidity to neutralize 
beer, and add 1 cc. of mineral oil to prevent foaming. Distill 
over 50 per cent of total volume into 50-cc. volumetric flask,

make to volume, and determine alcohol as in proof gallon per 
bushel analysis.

C alcu lations
1. C a l c u l a t i o n  o f  P r o o f  G a l l o n  p e r  B u s h e l .  Proof 

gallons per bushel =  (per cent by volume of alcohol as read 
in 100 cc. of distillate) — (initial sugar concentration of yeast 
mash as grams of maltose per 100 cc. X 0 .0 2 0 8 ) X

100 (cc. of distillate) , f
175 (cc. of mash distilled) X “ ntrat.on of

2
mash (gallons of mash per bushel) X  Jqq

For calculation of proof gallons per bushel from fermentations 
made by the process described above, in which the mash con­
centration is 38  gallons per bushel, the factor is as follows: Proof 
gallons per bushel =  (per cent by volume of alcohol as read) — 
(initial sugar concentration of yeast mash as grams of maltose 
per 100 cc. X  0 .0 2 0 8 ) X 0 .4343 .

The proof gallons per bushel yield should be expressed on a 
dry basis for comparison. This is determined by dividing the 
above figure by the per cent of dry grain mashed.

2 . D e r iv a t io n  o f  C o r r ected  F actor  fo r  Y e a s t  M a sh  
i n  P r o o f  G a l lo n s  p e r  B u s h e l  A lcohol  A n a l y s is .

y  =  sugar concentration of yeast mash (grams per 100 cc.).
0 .5112/ =  grams of absolute alcohol from 100 cc. of yeast mash.
0 .511i/ X 0 .035  =  grams of absolute alcohol from 3 .5  cc. of 

yeast mash.
(0.511?/ X 0 .035) 0 .9 2  =  grams of absolute alcohol from 3 .5  

cc. of yeast mash, assuming 92 per cent efficiency.
0.5112/ X 0 .0 3 5  X 0 .9 2  ,  ,  , , , . t------- „ -------------- =  per cent of alcohol in 100 cc. of

0 .791
distillate due to yeast mash.
.•. Correction factor =  0.02082/.

3 . C a l c u l a t io n s  o f  E f f i c i e n c y .  Method A  (based on 
starch analysis). The composite starch content of the grain 
bill is calculated in pounds per dry bushel of grain by weighted 
averages.
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T a b l e  II. I n i t i a l  D a t a
Composite moisture (by weighted average) =  11.18 per cent. 
Composite starch content of grain bill in pounds per dry

Cook B all­ T itra tio n In itia l C onver­ M oistu re
N o. pH ing of Acid Sugar M altose sion of C orn

Cc. 1 N
N aO H  / a . / 100 G ./100

10 cc. cc. cc. % %
1 4 .8 3 1 1 .6 1 .82 12.08 8 .4 4 7 0 .0 13.41
2 4 .8 6 11 .9 1 .88 12.03 8 .7 5 7 3 .5 13.41

bushel = (92 X 0.885) +  (8 X
51.5\
0 .9 3 /

100 =  67.91 (dry basis)

T a b l e  III. E f f i c i e n c y  o f F e r m e n t e r

Cook
N o.

F erm en ­
ta tio n

No. p H
T itra tio n  
of Acid

B all­
ing

F ina l
Sugar W et D ry Alcohol

P la n t
Effi­

ciency

F erm en­
ta tio n

Effi­
ciency

1 4 4 .1 8

Cc. 1 N  
N aO H /  

10 cc.
4 .8 0 - 0 . 5

O./lOO
cc.

0 .6 0

P roof gal./bu. 
5 .4 8  6 .3 2

%  by vol. 
7 .1 9

%
9 2 .2

%
'9 7 .0

12 4 .1 6 4 . SI - 0 . 5 0 .6 0 5 .4 7 6.31 7 .1 6 9 1 .7 9 6 .5
131 4 .1 6 4 .7 0 - 0 . 6 0 .5 9 5 .4 6 6 .30 7 .1 7 9 1 .8 96 .7

2 10 4 .3 4 3 .9 5 - 0 . 5 0 .6 8 5 .5 4 6 .3 8 7 .2 3 9 2 .9 9 8 .0
27 4 .3 2 3 .8 2 - 0 . 4 0 .6 8 5 .54 6 .3 8 7 .2 4 93.1 9 8 .2

111 4 .3 6 4 .2 2 - 0 . 5 0 .6 8 5.51 6 .3 5 7 .2 2 9 2 .8 9 7 .9

Actual alcohol yield, 5.33 proof gallons per bushel (wet basis) 
and 6.00 proof gallons per bushel (dry 
basis). 67.91 X 56 X 0.1725 =  6.56 
theoretical proof gallons per bushel.

Per cent efficiency =  X
b.5o.

100 =  91.4

D iscu ssion

E ither the com plete m ethod or one 
of the three alternates listed  below  
m ay be used, dependent on the factor 
under investigation.

Pounds of starch X 0.1725 =  theoretical proof gallons per 
bushel (0.1725 is the factor for conversion of pounds of starch 
to proof gallons of alcohol).

Actual yield (dry basis) m  =  nteffici
theoretical (dry basis)

Method B  (based on sugar analysis).
а. Fermentation efficiency (based on sugar fermented)
Actual grams of absolute alcohol obtained ^  _

(initial total sugar — final sugar) 0.511
per cent fermentation efficiency

б. Plant efficiency (based on total sugar present)
Actual grams of absolute alcohol obtained

initial total sugar X 0.511
per cent plant efficiency

c. Grams of absolute alcohol per 100 cc. =
per cent of alcohol X  0.791

S a m p l e  C a l c u l a t i o n s .  The calculation of the results of 
experiments presented in Tables II and III is shown in de­
tail in the following examples: 

jExample I. Method B was used for calculating efficiencies,
1. Calculation of proof gallons per bushel yield from fer­

menter No. 4 (Table II).
Initial sugar on yeast mash =  15.60 grams per 100 cc.
Alcohol as read in 100 cc. of distillate distilled from 0.5 volume 

of mash in fermenter =  12.93 per cent.
12.93 -  (15.60 X 0.0208) X 0.4343 =

5.48 proof gallons per bushel (wet basis)
5 48

S659 ^  =  Pr00  ̂Salons per bushel (dry basis)

2. Method B. Calculation of efficiency of fermenter No. 4 
(Table III).

a. Fermentation efficiency. Per cent of alcohol by volume =  
7.19.

7.19 X 0.791 =  5.69 grams of absolute alcohol per 100 cc.

5.69
(12.08 X 0.60) 0.511 X 100 =  97.0 per Cent

b. Plant efficiency.
5.69

12.08 X 0.511

fermentation efficiency 

X 100 =  92.2 per cent plant efficiency

Example II. Calculation of Efficiency by Method A. In 
this case only starch, moisture, and proof gallons per bushel 
alcohol (whole mash alcohol) data are obtained.

Grain bill, 92.0 per cent corn, 8.0 per cent barley malt 
Starch content of corn =  61 per cent (wet basis). Moisture 

of corn =  11.5 per cent.
Starch content of malt =  51.5 per cent (wet basis). Moisture 

of malt =  7.0 per cent.

Starch analysis of grain with deter­
mination of proof gallons per bushel
alcohols, no micro sugars or alcohols.

Efficiency is calculated by Method A.
N o starch analysis, proof gallons per bushel alcohols deter­

mined as well as efficiency alcohols and micro sugars. Efficiency 
is calculated by Method B.

No proof gallons per bushel alcohols, no starch analysis, and 
results evaluated only by efficiency as calculated by Method B.

T his represents the standard or control procedure. I t  is
used when evaluating grains, yeast strains, or yeast propaga­
tion and is run as a comparison if some condition w ithin the 
procedure itself is under investigation.

In terp reta tion  o f R esu lts

As w ith all new laboratory procedure, the analyst should  
run a sufficient number of control tests to  determ ine his 
ability  to  secure good ferm entations and reproducible results 
before attem pting to introduce any variables. T h e criteria 
of a  good ferm entation are as follows:

C o r n  M a s h .  Initial Sugar, about 12 grams per 100 cc. Low 
sugar indicates poor cooking or poor grain.

Per Cent Conversion, about 70. Low per cent conversion may 
indicate poor cooking or poor grade of malt.

Final pH, above 4.0. A low final pH is the result of bacterial 
contamination.

Titralable Acidity, 3.5 to 4.5. High acidity, like low pH, indi­
cates bacterial contamination.

Final Balling, 0.3 to 0.7. A high final balling indicates in­
complete fermentation.

Proof Gallons per Bushel Yield, 5.2 or above.
Plant Efficiency, 92 per cent to 94 per cent.
W h e a t  M a s h .  The above limits also hold good for wheat 

mashes, except that final Ballings are often somewhat higher 
and the final yield is usually lower (5.0 to 5.1 proof gallons per 
bushel).

R y e  M a s h .  Because of the viscosity of rye mash, the final 
Balling is unreliable as an index to the completeness of fermenta­
tion. The yield from a rye fermentation should be 4.8 proof 
gallons per bushel or above.
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Analysis of Butane-Isobutane Mixture
A L F R E D  W . F R A N C IS , S o c o n y - V a c u u m  O il C o ., I n c . ,  P a u l s b o r o ,  N . J .

M IX T U R E S  of n-butane and isobutane, such as m ight 
result from isom erization processes or from a prelimi­

nary fractional d istillation of natural or casinghead gas, are 
com m only analyzed b y  low-tem perature fractional distilla­
tion, as w ith  a Podbielniak still. For accurate results this re­
quires a trained technique, a t least 3 hours’ tim e, and at  
least 10 grams of sam ple. For control purposes the tim e  
factor especially is a detrim ent.

A lternative m ethods proposed are the percentage of a gas­
eous m ixture condensed at dry ice tem peratures (¡5), the shape 
of the pressure-volum e isothermal curve (7), th e index of 
refraction at —25° C. (4), and R am an spectra (8). T he first 
tw o seem  crude and inaccurate, the third requires special 
technique, and the last requires expensive apparatus. Another 
m ethod tried is the tem perature of disappearance of the inter­
face betw een the liquefied butanes and water (19° C. for n- 
butane, 3 °  C. for isobutane, 1), but it  was found difficult to  
observe th is tem perature w ith sufficient precision.

T he m ethod here proposed (2) is the observation of the  
critical solution tem perature of the butane mixture with  
pure o-nitrotoluene.

T a b l e  I. C o m p o s i t i o n  o p  B u t a n e s

C ritica l Solution 
T em p era tu re

Iaobu tane
P resen t Found

° <?. % %
12 .5 0 0
13.3 4 4 .0
20 .5 3 9 .8 3 9 .4
2 7 .0 7 1 .4 7 1 .4
3 2 .8 100 100

A pparatus and Procedure
The apparatus consists of glass tubes or ampoules, 10 to 20 cm. 

long and 5 to 8 mm. in diameter, sealed at one end and drawn 
down to a narrow neck at the other, about 1 to 2 mm. in diameter. 
These are filled about 30 per cent full with o-nitrotoluene through 
a capillary funnel, and immersed in a cold bath of dry ice and 
acetone (which freezes the o-nitrotoluene). A sample of butanes 
to be analyzed is condensed into a tube through a capillary 
funnel, filling the tube to about 1.7 times the depth of the solid o- 
nitrotoluene— i. e., the tube is about 75 per cent filled.

The tube is then sealed at the neck with the fine flame of a 
blast lamp while the tube is still immersed in the cold bath. 
The tube is attached by rubber bands to a thermometer reading 

referably in fractions of a degree, and immersed in a water 
ath such as a large glass test tube. By frequent tipping of the 

tube with gradually rising temperature or twirling with falling 
temperature, the point of disappearance or reappearance of 
cloudiness can be observed within 0.1° or 0.2° C., corresponding 
to less than 1 per cent error in percentage of isobutane. The 
test requires 10 to 15 minutes.

T he com position of the butanes is a linear function of the  
critical solution tem perature, as illustrated in T able I and  
Figure 1.

Other solvents could be used in place of o-nitrotoluene, as 
shown in T able II.

T he high freezing point of acetophenone, 19.7° C. m akes it  
less convenient, since it  som etim es crystallizes out during a 
determ ination; and the higher critical solution tem perature 
w ith isobutane in  th e  case of the other solvents m eans a 
higher pressure and greater risk of breaking the tubes, as well 
as less precise tem perature reading. M oreover, cresol and  
eugenol are less readily available in pure form.

T a b l e  II. C r i t i c a l  S o l u t i o n  T e m p e r a t u r e
Solvent n -B u tan e Isobu tane

° C. ° C.
A cetophenone 10.6 24 .5
o-C hloroaniline 2 9 .8 5 0 .5
Cresol (technical) 
Eugenol

14.2
2 3 .0

4 5 .5
4 3 .0

N itrobenzene 4 0 .0 6 1 .0
A niline (tf) 84 .1 109.0

T a b l e  III. C r i t ic a l  S o l u t i o n T e m p e r a t u r e s W ITH
A r o m a t ic  S o l v e n t s

Paraffin o-N itro to luene N itrobenzene A niline
° C. ° C. ° C.

P ropane 65 N one N one
Isobu tane 3 2 .8 01 109
n-B utane 12.5 40 84 .1
N eopen tane 30° 54° 102°
Isopen tane 9 32 78 .4
n -P en tan e 2 24 71 .5
Neohexane 11° 33° 81
n-H exane - 1 21 G9.1

1 E s tim a ted .

F i g u r e  2

4 4 7
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F ig u r e  3

Effects o f  C on tam in an ts
T he m ethod is intended for analysis of a  w holly butane 

mixture. Olefins m ust be absent, since a sm all percentage 
would lower the critical solution tem perature considerably. 
T his condition is m et readily as isomerization catalysts de­
stroy any olefin gas present. Presence of water in the sam ­
ple is objectionable— it freezes and plugs up the capillary 
funnel, but it does not affect the critical solution tem pera­
ture, probably because it is so slightly miscible w ith  either 
the nitrotoluene or the butane. I t  can be removed w ith a cal­
cium chloride drying tube in the gas line before condensation.

The presence of other paraffins affects the determ ination to  
som e extent, as illustrated in Table II I  and Figure 2.

Thus the presence of 1 per cent propane in the “butane  
m ixture” would cause an error of about 2.6 per cent isobutane 
too high. One per cent of isopentane would make the per­
centage of isobutane only 0.2 per cent too low, and a similar 
am ount of n-pentane about 0.5 per cent too low. If the  
am ounts of these paraffin im purities are sufficient to inter­
fere w ith the determ ination, it is probably necessary to run a 
distillation analysis. Table II I  and Figure 2 include the 
other tw o solvents to show the remarkable parallelism  for 
different aromatic solvents. Propane is om itted in  those  
cases because its critical tem perature is reached w ithout mix­
ing w ith aniline (1) or nitrobenzene. T he aniline critical solu­
tion tem perature of neopentane was estim ated in a previous 
paper (1), and the other estim ates were m ade b y  paralleling  
those w ith aniline.

T he effect of ratio of solvent to hydrocarbon is shown in  
Figure 3, observed with a sam ple of butane containing 7  per 
cent of isobutane. If the percentage of o-nitrotoluene is be­
tween 45 and 55 per cent (30 to 40 per cent by  volum e) 'the 
solution tem perature is not over 0 .1° below the critical solu­
tion tem perature. A  mixture outside these lim its in com po­
sition would be noticed readily, since the final position of the 
interface would be far from the middle of the system .
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P r e s e n t e d  before  th e  D ivision of Pe tro leum  C hem istry  a t  th e  105th M ee t­
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Vacuum Sublimation
M A X  I I .  H U B A C IIE I l,  R e s e a r c h  L a b o r a to r y ,  E x -L a x , I n c . ,  B r o o k ly n ,  N . Y .

A P PA R A T U S for sublim ation on a macro scale is seldom  
_ / i_  encountered in  chem ical laboratories. A lm ost all 
sublim ation apparatus described in  the literature is designed  
for micro work (2 , 3). Sublim ation in vacuo is an excellent 
m ethod for purifying com pounds and is w orthy of greater 
consideration. T he advantage of th is m ethod over crystal­
lization is th at the loss of m aterial is negligible, the sublim ed  
com pound is dry and free from solvents, and the actual 
labor involved is sm all. In  m any cases, one com pound can 
be separated from a complex m ixture b y  sublim ation much 
more quickly than b y  the conventional m ethod of extraction. 
N aturally, the m ethod has its lim itations— e. g., com pounds 
having the sam e rate of sublim ation cannot be separated, 
and some substances, when heated to their sublim ation tem ­
peratures, undergo decom position.

W hen sublim ation is applied to routine analysis and  
research in  the laboratory, under controlled conditions, a 
pennanent setup is desirable. A s a h eat source, a  resistance 
wire wound around the sublim ation tube (4) or a sm all 
copper heating block w ith a hole for the glass tube (1) has 
been recommended, b u t such devices do n ot m aintain con­
stant temperatures w ithout a therm ostat. M ost im portant 
in sublim ation experim ents is m eans for heating the tubes 
to  a définit« and constant tem perature. T he author does 
not claim originality, but describes a un it consisting of a 
heating block and sublim ation tubes which have given good 
service in  this laboratory. F i g u r e  1 . H e a t i n g  B l o c k
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Originally, a  heating block to  ac­
com m odate but one size of tube was 
used, but later an im proved block  
was constructed for a range from room  
tem perature to  275° C. T o enhance 
the u tility  of th is block, three h o le s ' 
were drilled for three different sizes 
of tubes, and an auxiliary top was 
provided, so that 25-m l. and 50-ml.
Erlenm eyer flasks could be heated to 
specified tem peratures. I t  can also 
be used as a  constant heat source 
for laboratory apparatus.

Two tables show the application of 
vacuum  sublim ation. In  Table I, the 
rate of sublim ation of various com­
pounds under definite conditions is 
given. A m ong the sam ples are a dye, 
several “sulfa” com pounds, an amino 
acid, and vitam in C. T he quantitative  
determ ination of active ingredients in 
tablets has been found to be feasible.
T he analytical data are compiled in 
Table II.

T h e A pparatus
The heating block (Figure 1) was 

made from a cast cylinder of 85 per 
cent copper and 15 per cent tin, 100 mm. 
in diameter and 150 mm. high. Three 
holes drilled on top for three different 
sizes of test tubes are of the following 
dimensions: E  =  23 X 90 mm., G =
14 X 80 mm., and D  =  11 X  62 mm. Thermometer well
F, 8 X 82 mm., is inclined towards the center. A hole with 
an extension tube, H , 19 mm. in inside diameter, is likewise in­
clined towards the back, leaving the front free for working. 
II is threaded on the main block and takes the thermostat, C. 
Hole K ,  20 X 70 mm., is for the heating unit.

To enable one to heat 25-ml. and 50-ml. Erlenmeyers, an 
auxiliary top was added, 100 mm. in diameter and 55 mm. 
high. This top is recessed to fit over the main block and by 
means of two wooden knobs, A, can be removed easily. Con­
ical hole B  has a top diameter of 25 mm. and a bottom diameter
of 52 mm.

The block is lagged on the bottom and on the sides by a 30- 
mm. layer of magnesia, 7. The side of the auxiliary block is 
protected by a layer of asbestos paper.

T a b l e  I. R a t e  o f  S u b l i m a t i o n
S ublim ate

T em p era ­ M elting
C om pound (0 .200  G ram ) tu re Pressu re Tim e W eigh t p o in t0

° C. M icrons Hours Gram ° C.
Salol 35 9 6 0 .192 4 1 .7 -  4 2 .2
A zobenzene 40 9 2 0.155 6 7 .5 -  68 .5
8-H ydroxyquino line 40 8 1 0.154 7 3 .5 -  7 4 .2
2 -M e th y l-l ,4 -naph thoquinone 60 7 2 0 .184 1 0 5 .4 -1 0 6 .3

80 8 0 .5 0 .189
2-H ydroxy -3 -m ethy l-l,4 -naph thoqu inone 80 11 3 0.191 1 7 2 .6 -1 7 2 .9
N ico tinam ide 80 6 5 0.183 1 2 8 .2 -1 2 9 .9
Pyram idon 90 15 1 .5 0 .200 1 0 6 .0 -1 0 6 .5
A cetylsalicylic acid 100 10 1 0 .198 1 3 0 .4 -1 3 1 .5 b
Phen ace tin 100 13 1 .5 0 .167 1 3 4 .1 -1 3 4 .8
Caffeine 120 8 1 0.167 2 3 6 .2 -2 3 6 .8
1-H ydroxyan thraqu inone 130 9 0 .3 3 0 .165 1 9 4 .4 -1 9 5 .2
2 -H y droxyan th raqu inone  
1 ,8 -D ihydroxyan tn raqu inone  o r Is tin

130
130

7
10

24
1 .5

0.063
0.171

3 1 0 .5 -3 1 1 .1
1 9 3 .6 -194 .1

Saccharin 130 10 2 0 .195 2 2 5 .2 -2 2 7 .8
P h én o b a rb ita l or 5-ethy l-o -pheny l-bar-

b itu r ic  acid 140 9 1 .5 0 .199 1 7 5 .7 -1 7 6 .3
P e n ta c ry th rite 150 10 3 0 .193 2 5 6 .4 -2 6 0 .6
F luo ran 150 12 1 .5 0 .181 1 8 3 .8 -1 8 4 .3
V itam in  C or ascorbic acid c 150 8 24 0.052 186 -1 8 7 d
Z-Leucinc 150 8 10 0 .139 2 8 7 .0 -2 8 8 .2
D . C. Yellow  No. 11 or 2-(2-quinolyl)-

1,3-indandione 150 5 20 0 .189 2 4 2 .3 -2 4 2 .8
Sulfanilam ide* 120 4 24 0 .170 1 6 4 .6 -1 6 5 ,2

150 5 2 0 .199
S u lfag u an id in c / 150 8 24 0.001 1 8 3 .6 -1 8 5 .0
Sulfapyrid inc 150 6 10 0 .1 0 8 1 9 0 .3 -1 9 1 .1
Sulfath iazole? 150 7 24 0 .0 1 5 1 9 2 .1 -1 9 8 .7
Sulfadiazine h 150 6 24 0 .038 2 5 2 .2 -2 5 2 .8
P h eno lph tha le in 180 7 24 0 .072 2 6 0 .6 -2 6 1 .5
Q uercetin 200 7 16 0.042 3 1 7 .4 -3 1 7 .9

B

F i g u r e  2 . S u b l i m a t io n  T u b e s

a All m elting  p o in ts  a re  corrected  and  were dete rm ined  in  a  H ershberg  precision  m elting  p o in t a p ­
p a ra tu s.

b Sam e m. p. as th a t  ob ta ined  in  sam e b a th  on a  sam ple  of p u re  acety lsalicy lic  acid. 
c V itam in  C courtesy  of C has. Pfizer & Co., Inc.
d Sam e m. p. a s  th a t  ob ta ined  in sam e b a th  on a  sam ple  of p u re  ascorbic acid . N onsub lim ed  p a r t  

h ad  becom e brow nish  and  m elted  1° lower.
* Sulfa  com pounds and  ta b le ts  courtesy  of M aurice  E . A very , L ederle  L abora to ries , P e a r l R ive r,

N . Y .
/  Sulfaguan id inc charged  m elted a t  1 8 7 .6 -1 8 8 .7 ° , nonsublim cd p a r t  a t  1 8 9 .0 -1 9 0 .5 ° . 
o S u lfath iazo le  charged  m elted a t  2 0 0 .0 -2 0 0 .7 ° , nonsublim ed p a r t  a t  1 9 9 .9 -2 0 1 .0 ° . 
h Su lfad iazine chargcd m elted  a t  2 5 4 .5 -2 5 4 .8 ° , nonsublim cd p a r t  a t  2 5 3 .9 -2 5 4 .5 ° .

The electrical parts consist of a G-E cartridge-type heater, 
200-watt, 115-volt, No. 151-H, 1.88 cm. (0.75 inch) in diameter 
and 5.9 cm. (2.375 inches) long, fitting into K ;  a Quick-Set bi­
metal thermoregulator, C, range 25° to 275° C. (No. 4-239, 
American Instrument Co., Silver Springs, M d.) fits into tube II , 
which is 205 mm. deep; a relay, 115-volt (No. ABYT 8, Struthers, 
Dunn, Inc., Philadelphia, Penna.), is placed in a wooden box and 
provided with the necessary electrical connections to the heating 
unit and the thermoregulator.

Table I I I  shows the performance of the heating block.
T he sublim ation tubes are shown in  Figure 2. Tube B  

is air-cooled; A  and C  have an inner water-cooled con­
denser on which the sublim ate collects. T he tubes fit into  

hole E  (Figure 1).

M e t h o d
T he air-cooled sublim ation tube, B , is used  

m ainly in cases where tw o sublim ates are 
expected.

For example, when a mixture of benzoic acid 
and o-benzoyl-benzoic acid is sublimed, two 
crystalline sublimates are obtained, each form­
ing a separate band on the cooler or the part 
of the tube which extends out of the heating 
block. Each ring is then scraped out separately. 
In order to determine whether the sublimation 
is at an end, the entire tube is pulled out about 
1 cm. without interrupting the sublimation. 
If incomplete, a new band of sublimate m il 
form farther inside the old ring.

Sublim ation tube A  Is preferred when only  
one sublim ate is expected. T his tube will ac­
com m odate up to 2 grams. I t  is also possible 
to  conduct fractional sublim ations by  using 
either th is tube or tube C.

For example, a mixture of 1- and 2-hydroxy- 
anthraquinone can be separated more easily 
and with practically no loss of material by first 
keeping the tube at 100° C. and 10 microns.
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T a b l e  II. A n a l y t i c a l  D a t a
-S u b lim a te -

Percen tage

C om position  of Sam ple0

50 .00%  salol, m . p . 41 .7 -42 .2°, and  50.00%  
phenace tin , m. p . 134.0-134.5°

2.22%  2 -m eth y l-l,4 -n ap h th o q u in o n e , m . p.
104 .6 -106 .1° (also lactose , calcium  gluco­
na te , s ta rch , sucrose, and  sm all q u a n titie s  of 
ta lcum  and  m agnesium  s tea ra te )

84.29%  acety lsalicylic  acid and  s ta rch  
33.31%  n ico tinam ide , m . p. 128.8-129.4° (also 

lactose , s ta rch , sucrose, an d  sm all q u a n titie s  
of ta lcum  an d  m agnesium  s tea ra te )

75.00%  phenace tin , m. p . 134.2-134.8° (also 
sucrose, s ta rch , an d  sm all q u an titie s  of ta l ­
cum  a nd  m agnesium  s tea ra te )

46.29%  p h en o b arb itu ric  acid, m . p . 175.4- 
176.4°, and  1.46%  stea ric  acid and  s ta rch  

81.20%  sulfanilam ide, m. p. 164.4-164.8° (also 
sta rch , sucrose, and  sm all q u an titie s  of ta l­
cum  a n d  m agnesium  s tea ra te )
° All m elting  p o in ts  a re  corrected.
b Sam e m. p. as th a t  ob ta ined  in sam e b a th  on a  sam ple of p u re  acety lsalicy lic  acid .

W eight --------------- S u b liraation - average  of A verage and
of T em pera- (15 d e te r­ M elting m ean

Sam ple tu re  Tim e Pressu re m inations) P o in t“ M in. M ax. d ev ia tio n
Gram ° C. Hours M icrons Grams ° C.

0 .0500 35 2 11 0 .0248 4 1 .1 -  4 1 .8 4 8 .0 5 0 .8 4 9 .6 0  ±  0 .5 6
120 0 .2 5 13 0 .0252 1 3 2 .2 -1 3 4 .2 5 0 .0 5 2 .0 50 .41  =*. 0 .2 8

0 .5000 80 0 .5 14 0 .0107 1 0 4 .8 -1 0 5 .8 2 .0 4 2 .2 6 2 .1 4 ±  0 .0 5
0 .0500 110 0 .3 3 13 0 .0422 132 -1334 8 3 .8 8 5 .2 8 4 .40 *  0 .3 4
0 .0500 110 0 .3 3 11 0 .0169 1 2 8 .5 -1 2 9 .0 3 3 .0 3 4 .2 3 3 .7 7 *  0 .3 0

0 .0500 120 0 .5 10 0 .0376 1 3 3 .9 -1 3 4 .6 7 4 .6 7 6 .0 75 .2 5 0 .4 0

0 .1000 150 0 .6 7 11 0 .0482 1 7 3 .6 -1 7 5 .1 4 6 .8 4 9 .5 48 .1 7 *  0 .5 7

0 .1000 155 3 10 0 .0815 1 6 4 .3 -1 6 4 .8 8 0 .7 8 2 .2 8 1 .5 6 *  0 .3 1

The sublimate will be the more volatile 1-hydroxyantliraquinone. 
The experiment is now interrupted and the first sublimate is 
collected. The temperature of the heating block is then raised 
to 180°, or a second heating block previously heated to this 
temperature is used, and the sublimation is continued. The sub­
limate which now forms is the 2-isomer. The separation of the 
two isomers by this method is much sharper than by fractional 
crystallization.

Another example of fractional sublimation, the mixture of 
salol and phenacetin, will be found in Table II. Salol was first 
sublimed from the mixture at 35° C. and then the phenacetin 
was sublimed at 120°.

T he second water-cooled tube, C, is used for sm aller 
sam ples and m ainly for quantitative determ inations.

It has a flat bottom, so that the substance is exposed in a thin 
layer. The distance between the bottom and the condenser 
tip is but 10 m m .; therefore, the vapors have but a small distance 
to travel. The inside condenser weighs 23 grams and is small 
enough to be hung up on a balance arm by means of a wire 
attached to the constriction. The sublimate will collect on 
the tip of the condenser and will adhere firmly, as was observed 
by Kempf (3). There need be no fear that the sublimate will 
fall off when handling the condenser. When the clean ground 
joints are lubricated with Cenco' Vacu-Seal, they will never 
stick.

To illustrate the variation in  the rates of sublim ation, data  
on tw enty-seven organic compounds are shown in Table I.

The figures were obtained as follows: 0.200 gram of the 
compound (purest grade available) was placed on the bottom  
of tube A  and then connected with the vacuum pump. As soon 
as the necessary low pressure was reached, the tube was placed 
in hole E  of the heating block. The pressure was measured 
every hour or more on a McLeod gage. The average reading is 
shown in Tables I and II. The melting points of each com­
pound before sublimation, of the sublimate, and of the part not 
sublimed, were determined. There was no decomposition ob­
served except in the cases mentioned. Substances which did 
not sublime at 150° C. and 10 microns were: starch, sucrose, 
lactose, talcum, magnesium stearate, 1-cystine, and d-glutamic 
acid.

Sublim ation is used in  this laboratory for the quantitative  
determ ination of active ingredients in pharm aceutical 
tablets. T he m ethod m ay not be so accurate as som e others, 
b u t it  is tim e-saving in m any instances, and the compound  
is obtained in dry and pure form suitable for id en tity  tests 
such as m ixed m elting point determ inations, etc. The 
results are slightly high, but no explanation for th is can 
be advanced now. T he estim ation of 2-m ethyl-l,4-naphtho­
quinone, acetylsalicylic acid, phenacetin, phenobarbital, 
nicotinam ide, salol, and sulfanilam ide in tablets has been  
found to  be practical. T he sam e m ethod could not be 
applied to sulfapyridine, sulfaguanidine, sulfathiazole, and

sulfadiazine tablets, because these four sulfa com pounds do 
n ot sublim e to any extent below 160° C. a t 10 microns pressure; 
and above th at tem perature, som e of the other tab let con­
stituents decompose slowly. T he data in T able I I  were 
obtained as follows:

A mixture containing the same percentage of ingredients as in 
commercial tablets was prepared on an analytical balance. 
A weighed sample of from 0.05 to 0.50 gram was placed on the 
flat bottom of tube C  and was spread evenly by tapping. The 
temperature of the cooling water varied from 9° to 17° C. The 
time required for complete sublimation of the compound in ques­
tion from the mixture had previously been determined, and in 
the actual quantitative determination, the time was lengthened 
by one third to assure complete sublimation. At the end of the pro­
cedure, the condenser was removed, most of the water was 
blown out of the condenser, the two inlet tubes were stoppered, 
and the sealing wax was wiped from the ground surface. The 
condenser with the adhering sublimate was weighed, the sub­
limate then scraped off, the tube tip wiped clean with a solvent, 
and the condenser minus the sublimate weighed again.

T he phenobarbital tablets contain 1.46 per cent of stearic 
acid; therefore the sublim ate w ill be a m ixture of 97 per 
cent phenobarbital and 3 per cent of stearic acid. In  this 
m ixture the phenobarbital m ay be estim ated b y  one of the 
standard m ethods. Other comm on tab let ingredients like 
sucrose, lactose, starch, talcum , and m agnesium  stearate 
do n ot sublim e under the conditions indicated in  T able II. 
E qually good results were obtained when finished tablets, 
first reduced to a powder, were analyzed by  th is sublim ation  
m ethod.

T a b l e  III. P e r f o r m a n c e  o f  H e a t i n g  B l o c k

T em p era tu re F lu c tu a tio n s
R eached of Pow er

T em p era tu re w ith in : T em p era tu re C onsum ption
° C. M in . ° C. Watts
100 28 ± 0 .3 23
150 49 =*=0.3 46
200 72 ± 0 .4 09
275 132 ± 0 .5 114
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Estimation o f Water in Alcohol with Aid o f  
Dicyclohexyl

G . R O S S  R O B E R T S O N  
U n iv e r s i ty  o f  C a l i f o r n ia ,  L o s  A n g e le s ,  C a li f .

W ater co n ten t in  oth erw ise pure e th y l a l­
cohol o f nearly  ab so lu te  grade m ay  be de­
term in ed  by  m ea su rem en t o f critica l so lu ­
tio n  tem p eratu re in  th e  sy stem  a lco lio l-  
w ater-d icyclohexyl. T h e  “ d ic y c lo h e x y l  
p o in t” , easily  ob ta in ed  in  a few  m in u tes  
w ith o u t n ecessity  o f  standard  so lu tio n s or 
special apparatus, is referred to  a graph  
for p ercentage value.

T H E  critical solution tem perature of a kerosene-alcohol 
m ixture serves as a remarkably precise index of water 

content, as reported by  Crismer (S), Andrews (2), and the  
Bureau of Standards (5). E ach lo t of kerosene, however, 
m ust be calibrated by  a laborious process. T he m ethod  
is, therefore, of little  use to the m ajority of laboratory workers 
requiring only occasional determ inations of water in alcohol. 
A single substance, similar in  physical properties to  kerosene 
but which could be calibrated once for all, would be a desirable 
substitute. For th is purpose a paraffin hydrocarbon w ith  
molecular w eight of about 170 would be ideal— for example, 
a dodecane. U nfortunately, pure open-chain paraffins of 
such h igh m olecular w eight are available only as costly  
academ ic curiosities.

A  new solution of th is problem has becom e possible through  
the commercial appearance of dicyclohexyl (bicyclohexyl, 
dodecahydrodiphenyl). T he system  ethanol-dicyclohexyl 
has the convenient critical solution tem perature of 23.4° C., 
w ith an elevation of 18° for the first 1 per cent of water added  
to the alcohol so tested . Provided any given alcohol prepa­
ration and the dicyclohexyl are m ixed in or near the ratio of

critical com position during calibration, no great precision 
in  m easurem ent of volum es is required in subsequent deter­
m inations, as shown in  Figure 1. Since the m ain aim  of this 
work is to test alcohol th at is nearly absolute, the simple 
volum e ratio o f 1 to 2 was chosen for the final graph of 
Figure 2.

Sources o f  Error
T he shift of peak of the m iscib ility  curve toward the 

dicyclohexyl axis w ith  increase of water content calls for 
increasing care in m easurem ent o f volum e, and the probable 
error grows. Since the precise determ ination of water in 
alcohol over the range 96 to 99 per cent (by w eight) seem s to 
be an unim portant problem, no attem pt is m ade here to com­
plicate m atters b y  reporting data a t other volum e ratios 
than the uniform 1 to 2 value adopted. D eterm inations 
below 99 per cent are thus only approxim ate.

Unfortunately, m ixtures of dicyclohexyl and alcohol, either 
of the critical com position or nearly th at ratio, m arkedly  
display the phenomenon of critical opalescence (5) a t tem ­
peratures just above the m axim um  tem perature of genuine 
turbidity. T his cuts down slightly the extrem e precision 
characteristic of the Crismer technique using kerosene. 
W ith dicyclohexyl and a good therm om eter it  is nevertheless 
easy to distinguish alcohol preparations as close to  each  
other, for example, as 99.90 and 99.91 per cent; b y  the 
Crismer m ethod, 99.900 and 99.903 per cent.

M ore im portant is the problem of purity of the dicyclohexyl. 
Fortunately, the present industrial product is a synthetic  
individual of high grade, derived b y  hydrogenation of di­
phenyl. Several lo ts of the hydrocarbon, both “ technical” 
and purified, were tested  against a standardized alcohol of 
9 9 .9 +  per cent grade. N o significant difference in  critical 
solution tem perature was found in  th is series; certainly

F i g u r e  1. M a x im u m  
T e m p e r a t u r e s  o p  T u r b id it y

Solutions of aqueous e th y l alcohol p rep a ra tio n s  in 
dicyclohexyl. Abscissa, volum e per cen t alcohol
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F ig u r e  2 . P e r c e n t a g e s  o f  E t h y l  A lcohol a n d  C o r r e spo n d ­
in g  D ic y c l o h e x y l  P o in t s
1 to  2 alcohol-dicyclohexyl ra tio

none equivalent to th e difference betw een 99.90 and 99.91 
per cent alcohol.

W ater content in  the dicyclohexyl is n o t a serious problem. 
Sim ple filtration of the clear liquid product through dry filter 
paper rem oves all stray suspended globules of water, and per­
haps even  som e of the extrem ely sm all content of dissolved  
w ater. T he data  used in  preparing Figure 2 refer to clear 
sam ples of the hydrocarbon which have been exposed freely to  
ordinary atm ospheric conditions. W hen such m aterial was 
thoroughly dried, no significant change in  m elting point could 
be detected w ith a  Beckm an therm ometer.

. series of purified alcohol preparations (98 to 99.99 per cent), 
densities of which at 25.00° were determined with a graduated

A !
the densities <
pycnometer (fi), was first used to standardize a special paraffin
oil by the Crismer method. The oil consisted of highly refined 
kerosene to which had been added enough colorless paraffin oil 
to raise the critical solution temperature values out of ranges 
requiring an ice bath, and to a region close to the critical solution 
temperature values for dicyclohexyl. Once this paraffin oil 
standard was established, cross comparisons of an extended series 
of alcohol samples, prepared in random concentrations, were 
easily made, each with the two hydrocarbon preparations, oil 
and dicyclohexyl.

The miscibility-temperature determinations were made in a 
short 20-mm. test tube with siphon drain from the bottom. 
This device was fitted with thermometer, micromechanical 
stirrer, burets, and inlet for desiccated air. The alcohol supply 
was admitted from a distillation receiver without intermediate 
exposure to the outer atmosphere.

M aterials U sed
P a r a f f i n  O i l .  “Elaine” kerosene (Standard Oil Co. of 

Calif.); 7 volumes. Standard White Oil No, 7 (Standard Oil Co. 
of Calif.), 1 volume. Such a mixture yields a critical solution  
temperature, with 100 per cent alcohol, in the vicinity of 23° C.

E t h y l  A l c o h o l .  Commercial 95 per cent fermented spirit 
was given three reflux treatments over quicklime, each followed 
by distillation with substantial rejections of foreruns and tailings 
to  eliminate acetaldehyde and higher alcohols. In one case the 
rapid and extremely convenient Adickes ( / )  method, employing 
ethyl formate, was used in the final operation with concordant

results. Particular attention was paid to the most highly de­
hydrated alcohol which was attainable. Six lots, prepared on 
different days by the two methods, had critical solution tem­
perature values (with the paraffin oil) varying from 23.27° to  
23.37°, and densities at 25.00° C. from 0.78506 to 0.78508, 
there being no consistency nor correlation within those ranges; 
average 23.31° and 0.7S507+. B y short extrapolation, 23.2°  
was taken as the critical solution temperature for 100 per cent 
alcohol, for which the extremely reliable density value of 0.78506 
is known (5).

DioYCLonEXYL. Three lots of industrial origin were in­
vestigated:

3.

E as tm a n  K odak  Co., P4641, m er­
chandise of 19-41 

D ow  C hem ical Co., techn ical p ro d u c t 
of 1913

Special p rep a ra tio n  m ade by  frac tio n ­
a tio n  of 2 th rough  a  30-p late  col­
um n, followed b y  rec rysta lliza tion

M elting  P o in t 
° C.
3 .5

3 .4

3 .6 3

The melting-point value for No. 3 refers to the constant 
equilibrium temperature of a mush of the hydrocarbon alternately 
freezing and melting slowly in a bath varied from 3° to 4°, 
there being from V j to 5/j  of solid present. A National Bureau 
of Standards certified Beckman thermometer was used, with 
corrections for setting, certificate, and stem emergence, and the 
figure 3.63° signifies merely the elevation above the ice point 
determined just before and after the main experiment.

Product 1 was recrystallized without use of solvent, yielding 
product 4, a part of which was washed with concentrated sul­
furic acid, yielding 5. Both 4 and 5 agreed exactly with 3 in 
melting point. In view of the constancy of the temperature, it  
was judged that the theoretical melting point (disappearance 
of last crystal) is not over 3.65°. and that this value ± 0 .03°  
is the melting point of pure dicyclohexyl. Apparently the 
figures of 4° (4) and “above 4°” (7) reported for this compound 
in the literature were not determined with special precision.

Presum ably the im purities in  any of the products so far 
encountered are n ot only of sm all am ount, b u t of physical 
nature not entirely foreign to dicyclohexyl itself. Accord­
ingly, the critical solution tem perature values obtained  
w ith the five preparations are even more closely concordant 
than the m elting points. T hus N os. 1 and 2 are satisfactory  
for ordinary accuracy in estim ation of water in alcohol.

D icyclohexyl P o in t
P r o c e d u r e .  T o 2.0 cc. of the alcohol being tested, in a dry 

15-mm. test tube, add 4.0 cc. of dicyclohexyl and stir with a 
dry thermometer. Heat until the mixture becomes a clear 
solution, and then allow to cool slowly, with continued stirring. 
As the critical solution temperature is approached, the liquid 
becomes opalescent, suggestive of very dilute soap solution. 
It is still clear enough so that the mercury thread in the im­
mersed section of the thermometer is readily distinguished. Sud­
denly (within 0.2° temperature range) the liquid becomes com­
pletely turbid, and the mercury thread is no longer discernible 
even through as little as 5-mm. thickness of the liquid. The 
temperature at this stage (approximately the critical solution 
temperature) is recorded as the dicyclohexyl point, and the 
corresponding percentage of alcohol is read from the graph 
of Figure 2.
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Unsaturation of Butadiene and Related Polymers
As Determined by Iodine Chloride Addition

A . 11. K E M P  A N D  H E N R Y  P E T E R S , B e ll  T e le p h o n e  L a b o r a to r i e s ,  M u r r a y  H i l l ,  N . J .

T h is  p a p e r  d e s c r ib e s  p r o c e d u r e s  w h ic h  h a v e  b e e n  
d e v e lo p e d  to  d e t e r m i n e  t h e  u n s a t u r a t i o n  o f  v a r io u s  
b u t a d i e n e  a n d  r e la te d  p o ly m e r s  a n d  c o p o ly m e rs ,  
a s  w e ll a s  m ix e d  v u lc a n íz a le s  o f  B u n a  S a n d  r u b b e r .  
T h e s e  m e t h o d s  a r e  b a s e d  o n  t h e  u s e  o f  p - d ic l i lo r o -  
b e n z e n c  a s  a  s o lv e n t  a n d  io d in e  c h lo r id e  a s  t h e  
a d d i t i o n  a g e n t ,  fo l lo w in g  t h e  g e n e r a l  t e c h n iq u e  
e m p lo y e d  in  t h e  s t a n d a r d  K e m p - W ijs  m e t h o d  fo r  
t h e  d e t e r m i n a t i o n  o f  t h e  u n s a t u r a t i o n  o f  n a t u r a l  
r u b b e r .

T h e  r a t i o  o f  b u t a d i e n e  to  s ty r e n e  in  c o p o ly m e rs

S IN C E  iodine chloride adds quantitatively  to  the double 
bonds in natural rubber hydrocarbon (6 , 6), it  was con­

sidered im portant to study the reaction of various unsaturated 
synthetic elastomers w ith  this reagent. R ecently C heyney  
and K elley  (S) found that the W ijs reagent reacted so slow ly  
w ith polybutadiene and its copolym ers swollen in chloroform  
or carbon disulfide, th at the addition reaction required 48  
hours or longer to approach com pletion. Butadiene and buta- 
diene-styrene polym ers are frequently on ly  partially soluble 
in chloroform or carbon disulfide and, if soluble, they  are 
partially precipitated by  the addition of the glacial acetic acid  
in the W ijs reagent. T his requires that the reaction proceed 
betw een the swollen polym er and the iodine chloride solution, 
which accounts in part for the long period needed to com plete 
the reaction. Other complications, such as emulsion forma­
tion and occlusion of iodine in the precipitate during titration  
of the unreacted iodine chloride, are likely to be involved in 
the standard Kem p-W ijs procedure (4, 5, 6) which was de­
veloped for natural rubber.

T he present investigation was undertaken to overcome 
these difficulties and to develop a rapid and accurate m ethod  
which could be applied to various types of synthetic rubber­
like polym ers. I t  was also hoped th at data obtained on the 
unsaturation of these polym ers would throw som e light on  
their chemical structure as related to polym erization proce­
dure.

A  study of numerous solvents showed that p-diehloroben- 
zene heated from 165° to 172° C. was the m ost satisfactory  
for general use. C heyney and K elley  (3) objected to th is 
solvent on the ground th at cyclization of the synthetics takes 
place as the result of heating. T he results of the present 
investigation, how'ever, show th at very little loss of unsatura­
tion occurs in  the polym ers during the period of heating in  
p-dichlorobenzene necessaiy  to  attain  a com plete solution. 
T he use of p-dichlorobenzene is also advantageous for use in 
the case of crude natural rubber, since solution is com plete in 
less than one hour, which is im portant in the tougher and 
less soluble types. T he present authors have confirmed the 
finding of B lake and Bruce (1) on the superiority of this 
solvent for vulcanized rubber as compared w ith tetrachloro- 
ethane (<?). Soft vulcanized butadiene-styrene copolymers 
are also soluble in  hot p-dichlorobenzene, making it  possible 
to  determ ine the tota l rubber content of a soft vulcanized  
mixture of natural and G R  S rubber.

In  order to avoid or substantially to reduce precipitation  
upon addition of W ijs solution, the iodine chloride was made

h a s  b e e n  c a lc u la te d  f r o m  t h e  io d in e  v a lu e  a n d  
f r o m  th e  c a r b o n - h y d r o g e n  r a t i o ;  h o w e v e r ,  th e  
a c c u r a c y  o f  th e s e  p r o c e d u r e s  is  s u b j e c t  to  se v e ra l 
v a r ia b le s  w h ic h  a r e  d is c u s s e d .

U n s a t u r a t i o n  d a t a  a r e  p r e s e n te d  o n  h ig h ly  
p u r i f ie d  e m u l s io n - ty p e  p o ly m e r s  o f  b u t a d i e n e -  
i s o p r e n e  a n d  b u t a d i e n e - s ty r e n e  w h ic h  a g r e e  c lo se ly  
w i th  t h e  p re s e n c e  o f  o n e  d o u b le  b o n d  fo r  e a c h  
d io le f in  m o le c u le  p r e s e n t .  T h e  r e a c t io n  r a t e  o f  
B u n a  S  w i t h  h a lo g e n s  is  s h o w n  to  a g r e e  c lo se ly  
to  t h a t  o f  n a t u r a l  r u b b e r  h y d r o c a r b o n .

up using carbon tetrachloride as a solvent in place of glacial 
acetic acid. In  the case of the butadiene-nitrile copolym ers 
the standard W ijs solution was employed, since the iodine 
chloride reaction product was more soluble in the presence of 
the glacial acetic acid.

Em ulsions which formed during titration were broken by  
the addition of 25 cc. of alcohol. In  the case of vulcanized  
G R  S tire tread stocks containing channel black, it  was 
found that b y  om itting the water and adding 75 cc. of alcohol, 
excellent results wrere obtained. In  this case the presence of 
the larger quantity of alcohol caused the carbon black to  
settle rapidly, so the end point could be quickly obtained.

In the case of polybutadiene 0.10-gram sam ples gave low  
results, since the excess of iodine chloride is not sufficient to  
com plete the reaction. Sam ple weights of 0.06 gram w'ere 
found to g ive consistent results. In  the case of the high- 
nitrile type of polymer, solution in p-dichlorobenzene is diffi­
cult; 20 to 60 passes through a clean tight m ill before ex­
traction greatly aided solution. This milling has been found 
to have no significant effect on the iodine value of any of the  
synthetics or of natural rubber and can be practiced to  ad­
vantage whenever the polymer requires too long a period to  
dissolve.

G eneral R ecom m ended  Procedure
Unless otherwise purified, samples are acetone-extracted in 

the standard manner in the absence of strong light for 16 hours. 
In the case of vulcanized samples this is followed by a 4-hour 
chloroform extraction. The extracted samples are freed from 
solvent by heating to constant weight in an oven at 70° C. 
under vacuum, cut into fine pieces (approximately 15-mesh), 
and preserved under nitrogen or in high vacuum prior to analysis 
to prevent oxidation.

The finely divided sample (0.10 gram, or 0.06 gram in case of 
polybutadiene) is placed in a 500-cc. Pyrex glass-stoppered 
vapor-release iodination flask with 50 grams of pure p-dichloro­
benzene. The flask with contents is placed on a hot plate at a 
temperature of 175° to 185° C. with the vapor release on the 
iodine flask lined up properly to release the pressure that is 
formed during heating. It is desirable to cover the sides of the 
flask with an asbestos shield to prevent the solvent from solidify­
ing in the upper part of the flask. The contents of the flask 
are gently whirled from time to time to facilitate solution, care 
being taken to avoid causing particles to adhere and scorch on 
the sides of flask above the solvent. The time for solution 
depends upon the nature of the polymer and usually varies 
from about 20 to 180 minutes. If the time required exceeds
3 hours and a rubber mill is available, it is recommended that 
the polymer be milled to increase its solution rate.

Following solution, the flask with its contents is removed and 
allowed to cool to room temperature. Before crystallization of
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the p-dichlorobenzene is complete the partially solidified solution 
is liquefied by adding 50 cc. of chloroform. Twenty-five cubic 
centimeters of iodine chloride in carbon tetrachloride are added 
from a pipet, using a vacuum to suck the solution up uniformly 
and very slowly to avoid loss of iodine chloride by evaporation. 
A thin film of 15 per cent potassium iodide is placed on the 
stopper of the iodine flask just before closing and the solution 
allowed to stand for one hour at room temperature in the dark 
to complete the reaction. Twenty-five cubic centimeters of 15 
per cent freshly prepared potassium iodide solution are added, 
followed by the addition of 50 cc. of distilled water. The ex­
cess iodine is immediately titrated with standard 0.1 N  sodium 
thiosulfate solution, using freshly prepared starch indicator which 
is added towards the end of the titration. Twenty-five cubic 
centimeters of ethyl alcohol are added towards the end of the 
titration to break the emulsion.

T a b l e  I. E f f e c t  o f  V a r y in g  E x p e r i m e n t a l  C o n d i t i o n s  o f  
I o d i n e  V a l u e  o f  P o l y b u t a d i e n e

H e atin g  Iodine 
P eriod  C hloride Tim e

Solvents E m ployed

75 cc.^of CSa

75 cc. of CHC1*

50 gram s of CsHłCl* 
50 cc. of CS2

+

50 gram s of C#H*Cla 
50 cc. of CIIC1* 

50 gram s of C«H«Cli 
50 cc. of CSi

Poly- in Solution of Iodine
b u tad iene C .H .C li Used R eaction Value

Gram
0 .1040

Hours
W ijs

Hours
3 399. O'*

0 .1034 W ijs 24 407.9«
0 .1031 Wija 3 3 8 8 .1°
0 .1026 W ijs 24 4 0 6 .3°

0 .1201 1 .0 CCU 1 385 .3
0 .1017 1 .0 c c u 1 413 .7
0 .1014 1 .0 CCI. 1 412 .6
0 .0824 1 .0 CCI. 1 435.7
0 .0756 1 .0 c c u 1 430 .5
0 .0759 1 .0 CCI. 1 436.1

0 .0753 1 .0 c c u 1 435 .0

0 .0668 1 .0 c c u 1 438 .6
0 .0615 1 .0 W ijs

c c u
1 409.1

0 .0613 6 .0 1 435 .9
0 .0604 1 .0 c c u 1 438 .5
0 .0606 1 .0 c c u 1 440.9
0.0511 1 .0 c c u 1 440.1
0 .0510 1 .0 c c u 1 440 .5
0 .0313 1.0 CCli 1 441.7
0 .0221 1 .0 CCU 1 440 .4
0 .0218 1 .0 CCU 1 441 .8

° H eavy  p rec ip ita tion  occurs upon  adding  W ijs reagent.

The end point is reached when the color change passes from 
a light brown to a light purple and finally to a colorless solution. 
When the end point is near, moderate shaking of the solution 
is necessary after each drop or partial drop of sodium thiosulfate 
is added. Violent shaking should be avoided to prevent break­
ing the flask. A blank is carried through all the operations of 
heating, etc. The difference in cubic centimeters of 0.1 N  
thiosulfate between the blank and the sample titration is used 
to calculate the iodine value:

Iodine value = cc. of 0.1 N  NaAO ą X 1.2692 
wt. of sample in grams

Iod in e V alue o f  Polybutacliene

T he effect of using different solvents on the iodine value of 
polybutadiene (German sodium  B una “85”) under various 
conditions is shown by  Table I. In  the experim ents where 
0.1-gram sam ples are em ployed the iodine values are too  
low because the addition reaction is not com plete. Some 
precipitation occurred in  all cases where solution was effected 
b y  hot p-diclilorobenzene supplem ented by  carbon disulfide 
or chloroform and where iodine chloride in carbon tetrachlo­
ride w as used. W here heavier precipitation occurred using 
W ijs solution, the increased tim e of reaction did not over­
come the low results. H eating for 6 hours in  p-dichloroben- 
zene resulted in about 1 per cent reduction in th e iodine 
value. This shows th at the effect on the unsaturation as the  
result of heating for 1 hour in p-dichlorobenzene can be 
neglected.

Since the excess iodine chloride appeared im portant, a 
series of determ inations was carried out varying the sam ple

weights. T he sam ples were dissolved in 50 grams of boiling  
p-dichlorobenzene for 1 hour, 50 cc. of carbon disulfide and 
25 cc. of 0.2 N  iodine chloride in carbon tetrachloride were 
added, and the reaction was carried out for 1 hour at room  
temperature. T he results are p lotted in Figure 1 and show  
that a w eight of sam ple of 0.05 to 0.06 gram is satisfactory. 
These weights correspond to an excess of iodine chloride of 50 
to  60 per cent. A bout the sam e excess w as found to be neces­
sary to com plete the iodine chloride reaction in 1 hour in the 
case of natural rubber (6 ).

T o determ ine the tendency of polybutadiene to substitute, 
a  series of determ inations was carried ou t at room tem pera­
ture and at 3° C. w ith variations in reaction periods from 1 to  
24 hours. T he sam ple w eight was 0.06 gram and th e proce­
dure the sam e as the other series shown in Figure 1. Figure 1 
indicates th at substitution takes place slow ly even a t 3° C. 
A  reaction period of 1 hour therefore appears to be justified, 
since the addition reaction apparently is com pleted in this 
period, provided the proper excess of reagent is em ployed. 
T he high iodine values obtained by C heyney and K elley  after 
a reaction period of 336 hours are undoubtedly due in part to  
substitution.

T he theoretical iodine value for polybutadiene is 469.6. 
T he acetone-extracted sodium butadiene polym er was n ot a 
pure hydrocarbon as judged from its com bustion analysis. 
T he nonhydrocarbon portion appears to be m ade up largely 
of ash and combined oxygen.

Two butadiene and one isoprene em ulsion polym ers were 
prepared under the supervision of B . S. B iggs of these labora­
tories. T he latex was coagulated by  pouring it  into an excess 
of alcohol and the coagulum was washed in warm 50 per cent 
alcohol and finally in  pure alcohol. I t  was finally dried to

3  c .

4 3 0
8 12 16 2 0  2 4

REACTION PERIOD IN HOURS
26

4 5 0

4 4 0

4 3 0

4 2 0

4 10

4 0 0

390

380
0.02 0 .04 0.06 0.08 0.10

SAMPLE WEIGHT IN GRAMS
0.I2 0.14

F i g u r e  1. I o d i n e  V a l u e  o f  P o l y b u t a d i e n e
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C arbon H ydrogen
C /H

R atio
Iodine
Value

T heo­
retical
Iodine
V alue

% % %

88 .0 8 10.87 8 .1 0 4 4 0 .5 9 3 .7

8 8 .8 0 11.21 7 .9 3 455.1

3G0.1

9 6 .6

9 9 .0

F i g u r e  2 . I o d i n e  V a l u e  o p  B u t a d ie n e -S t y r e n e  C o p o l y m e r s

T a b l e  I I .  C o m b u s t i o n  A n a l y s e s  a n d  I o d i n e  V a l u e s  o f  
B u t a d i e n e  a n d  I s o p r e n e  P o l y m e r s

Polym er

P o lybu tad iene  (G erm an 
N a  85)°

P o ly b u tad ien e  (em ulsion 
m ethod)

P olyisoprene (em ulsion 
m ethod)

a A cetone ex trac ted  before analysis.

constant w eight under high vacuum  a t 60° C. A  highly puri­
fied lo t of isoprene was also polym erized by  the soap emulsion  
m ethod.

T he iodine values and analysis of these polym ers are given  
in  T able II  in comparison w ith the acetone-extracted German  
B una “85” viscosity polym er made by  m ass polym erization, 
using sodium as a catalyst. W hereas the German sodium  
polym er of butadiene has an iodine value som ewhat below the 
theoretical value, the unsaturation of the emulsion polymers 
agreed fairly closely w ith theory.

The iodine value of 440 for the extracted sodium Buna  
“85” is lower than theory, which is 469.6, even when the non- 
liydrocarbon portion is considered. T he un­
saturation of sodium Buna “85” is calculated .............
to  be 93.69 per cent of theory. T his low un­
saturation value, together w ith its low solu­
bility  and p lasticity, m ay be taken as evidence 
of the presence of some type of interlinkage 
betw een the polym er chains; however, knowl­
edge of these structural details is lacking.
Chain branching, oxygen bridging, or cycliza- 
tion  during polym erization has been suggested  
to  account for the differences in the properties 
of butadiene and isoprene polymers as compared 
w ith  natural rubber.

benzene is satisfactory, provided iodine 
chloride in carbon tetrachloride is employed  
in place of W ijs solution. Chloroform, how­
ever, is preferred over carbon disulfide be­
cause of the objectionable odor and fire 
hazard of the latter solvent.

D ata  from T able II , p lotted in Figure 2, 
show evidence of very little  substitution in 
the case of the butadiene-styrene copolymer. 
R eaction conditions of 1 hour at room 
tem perature appear to be a satisfactory 
selection when iodine chloride in carbon 
tetrachloride is em ployed. T he use of Wijs 
solution gives low results even after a 48- 
hour reaction period. Under these conditions 
the iodine values obtained are in agreement 
w ith those of Cheyney and K elley (3). 
T he data in Figure 2 show’ th at W ijs solu­
tion is unsatisfactory for use w ith butadiene- 
styrene copolymers, whereas iodine chloride 

in carbon tetrachloride appears to  m eet the necessary require­
ments. Iodine bromide (H anus solution) was also tried but 
was found to be slower than W ijs solution under identical 
conditions. After 7 hours’ reaction period, the H anus value 
w'as 318, in contrast w ith 336 for the W ijs value for the sam e 
period.

R eactiv ity  o f D ouble B onds in  B un a  S

Since som e of the double bonds in B una S appear to  be lo­
cated in side-chain v in yl groups as a result of 1,2 addition  
polym erization of the butadiene, it was thought th at this 
m ight affect their reactivity as compared w ith  the double 
bonds in  the main chain resulting from 1,4 addition. In  
order to  detect such a difference, the reactivity of B una S 
with iodine, iodine chloride, and iodine bromide was compared  
w ith rubber under identical conditions. T hese experim ents 
are outlined in Table IV  and the data show th at very little  
difference exists between the reactivity of B una S and rubber 
hydrocarbons towards iodine, iodine chloride, or iodine bro­
mide.

D eterm in ation  o f  S tyrene in  B u ta d ien e-S ty ren e  
C opolym ers

Since no m ethod was available for the determ ination of the 
styrene content of G R  S rubber or other butadiene-styrene

T a b l e  I I I . I o d i n e  N u m b e r  o f  a  B u t a d i e n e -S t y r e n e  C o p o l y m e r  
u n d e r  V a r io u s  E x p e r i m e n t a l  C o n d i t i o n s

Iod in e V alue o f  B u tad ien e-S tyren e  
Copolym ers

The effect of using different solvents and 
experim ental conditions on the iodine value of 
an acetone-extracted 7 5 /25  butadiene-styrene 
copolym er is shown in Table III . These results 
indicate th at the use of either chloroform or 
carbon disulfide to supplem ent the p-dichloro-

H eating Iodine
B utadiene- Period C hloride Tem p. T im e

S tyrene in Solution of R e­ of Re­ Iodine
Solvents E m ployed C opolym er CsHiCli Used action action Value

Oram Hours ’ C. Hours
75 cc. of C H C li 0 .1 0 W ijs 20-30 48 3 3 4 .1 “
75 cc. of CSi 0 .1 0 W ijs 20-30 48 3 3 0 .0 “
50 gram s of CflH.Cls +

50 cc. of CS: 0 .1 0 1 .0 "Wijs 26 1 319 .3
0 .10 1 .0 W ijs 26 3 330 .2
0 .1 0 1 .0 Wijs 26 7 336 .0

50 gram s of C ell.C li +
50 cc. of CHCla 0 .1 0 1 .0 W ijs 26 7 3 3 5 .8

50 gram s of CaH.Ch 4*
50 cc. of CSi 0 .0 5 1 .0 CC1. 29 1 3 4 3 .5

0 .1 0 1 .0 CCU 29 1 343 .5
50 gram s of CsH .Cli +

50 cc. of C H C li 0 .1 0 1 .0 CC1. 29 1 344 .0
50 gram s of CsHiCl2 4-

50 cc. CS2 0 .1 0 6 .0 CCU 29 1 34 3 .2
0 .1 0 1 .0 CCU 29 345 .4
0 .10 1 .0 CCl. 29 7 345 .5
0 .1 0 1 .0 CCU 3 1 342 .2
0 .1 0 1 .0 CCU 3 3 344 .0
0 .1 0 1 .0 CCU 3 7 343 .8

Solid phase p resen t th ro u g h o u t reaction .
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0  10 2 0  3 0  4 0  5 0  6 0  70
PERCENT STYRENE

F ig u r e  3

T a b l e  IV. R e l a t i v e  R e a c t i v i t y  t o w a r d s  H a l o g e n s  o f  
B u n a  S a n d  R u b b e r “

A ddition

Polym er
0.2 N  A dd ition  A gent R eaction R eagen t A gent

A dded Period C onsum ed Consum ed
M in . Cc. %

R ubber 25 cc. of I i in  CCU 240 0 .7 0 2 .8
B u n a  S 25 cc. of I i in  CCI* 240 0 .5 6 2 .3
R ubber 11 cc. of IC I in  CCU 10 10.56 9 6 .0
B una S 11 cc. of IC I in  CCU 10 10.00 9 1 .0
R u b b er 5 cc. of IC I in  CCU 10 4 .9 0 9 8 .0
B una S 5 cc. of IC I in  CCU 10 4 .8 8 9 7 .5
R ubber 3 cc. of IC I in  CCU 60 2 .9 4 9 8 .0
B una S 3 cc. of IC I in  CCU 60 2 .97 9 9 .0
R u b b er 3 cc. of IB r in  CCU 10 1 .90 63 .2
B una S 3 cc. of IB r in  CCU 10 1.90 6 3 .2

° 0.1000 g ra in  of acetone-extracted^ crepe or B u n a  S dissolved in  75 cc. of 
chloroform  and  reaction  carried  o u t in  d a rk  a t  25° C.

copolymers, tlie present authors em ployed com bustion analy­
ses, using the carbon-hydrogen ratio to calculate the styrene 
content. A s the styrene content increases from 0 to 100 per 
cent the carbon-hydrogen ratio w ill vary from 7.943 to 11.915, 
as shown in  Figure 3. A  variation of ± 0 .2  per cent in  carbon 
will change the carbon-hydrogen ratio in a 21 per cent styrene- 
79 per cent butadiene copolym er b y  ± 0 .0 1 7 , which is equiv­
alent to ± 0 .5  per cent styrene. A  
variation of only 0.023 per cent 
in th e hydrogen content w ill be 
equivalent to  the sam e change in 
carbon-hydrogen ratio and styrene 
content; therefore, special precau­
tions m ust be taken in  the com­
bustion analyses to avoid errors.
T he present authors depended upon 
a carefully conducted micromethod  
com bustion. These analyses were 
carried out by  F . C. K och of 
these laboratories. In the case of 
soap-free polymers, th e  accuracy 
is believed to be sufficient to estab­
lish the styrene content to  within
1 or 2 per cent.

D ata  giving the variation of 
iodine value and per cent of 
theoretical unsaturation are shown 
in Table V  and Figure 4 for co­

polymers of butadiene and styrene 
of different styrene contents. The 
largest group analyzed was the 
regular commercial polym er m ade us­
ing charging ratios of 25 styrene and 
75 butadiene. In  all cases the de­
termined styrene content was found 
to be som ewhat less than the charg­
ing ratio. T he values for polybuta­
diene in Figure 4 are those found for 
the sodium “85” viscosity polym er 
and for a purified benzene-soluble 
polybutadiene made by  the emulsion  
process. D ata  on the latter polym er 
are given in Table III.

I t  is to be noted from Table V  and 
Figure 4 that the iodine values of 
b u t a d i e n e - s t y r e n e  copolymers are 
approxim ately proportional to  their 
styrene content. T he iodine value 
can therefore be employed to calculate 
the styrene content. However, varia­
tions in the am ount of unsaturation  
lost during polym erization and the 

presence of soap and other impurities will influence the ac­
curacy of such a procedure. T he commercial emulsion poly­
mers contain variable am ounts of inorganic m atter, their ash 
contents usually varying from 0.3 to 1.2 per cent. Com bus­
tion analyses indicate that they  contain som e combined 
oxygen, in som e cases possibly as m uch as 0.2 to  0.5 per cent.

T he data in Table V  on purified polym ers are evidence th a t 
there is very little loss in unsaturation in  the butadiene be­
yond the one double bond per butadiene molecule w hich  
would result from linear chain polym erization. T he data on 
the per cent of theoretical unsaturation for the butadiene 
present in the acetone-extracted commercial polym ers are un­
doubtedly influenced som ewhat by  errors in the results for 
styrene content based on m icrocom bustion analyses. These 
data indicate th a t 2 to  10 per cent of the theoretical unsatura­
tion of the butadiene after one of its double bonds enters the 
chain is used up during the polym erization process. H ow ­
ever, it  was found, as shown in Table V, th at by  careful frac­
tionation of a  benzene solution of a  soap-free benzene-soluble 
type polym er the unsaturations of the higher molecular frac­
tions are close to the theoretical value. T he whole polym er, 
N o. 12 in T able V, was unsaturated to  98.3 per cent of theory. 
In this case the styrene content was determ ined by  an inter­
ferometer m ethod recently developed by  W . 0 .  Baker and

PERCENT STYRENE

F i g u r e  4
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T a b l e  Y .  C a r b o n - H y d r o g e n  R a t io s , C a l c u l a t e d  S t y r e n e  
C o n t e n t s , a n d  I o d i n e  V a l u e s  o r  B u t a d i e n e -S t y r e n e  

P o l y m e r s

C / h
P olym er C arbon  H ydrogen  R atio

1
2
3
4
5 
G
7
8 
9

10
11
12
13
14
15
16

P-1« 
P - 2 ‘ 
P-3 c 
P -4 J  
P-5d  
P-Od 
P-7d  
T-8d 
P -9 d 
p -10d

%
8 9 .0 0  
8 8 .2 8  
8 8 .6 5
8 9 .0 0  
89 .0 4  
89 .70  
88 .0 8  
88 .8 5  
8 8 .3 5  
8 8 .3 8  
8 9 .0 9
88 .5 2
89 .5 2  
89 .2 7  
89 .47  
89 .80

89 .24
8 9 .4 8
89 .34
89 .8 0
89 .8 7
89 .3 3
89 .2 6
89 .2 7  
88 .7 6  
88 .0 6

%
10.39  
10 .34  
10 .44  
1 0 .3G
10.40 
10 .42
10.36
10 .37
10.31  
10 .28
10.32  
10.29 
10.13

9 .8 3
9 .5 9
8 .8 1

10 .28
10.23
10.25  
10 .42
10.32
10.33
10.25
10.29 
10 .35
10.30

8 .5 6  
8 .5 4
8 .5 0
8 .5 9
8 .5 6  
8 .61
8 .5 0  
8 .5 8
8 .5 6
8 .6 0  
8 .63  
S .61 
8 .8 4  
9 .0 8  
9 .3 3

10.19

Styreno
from
C /H

%
21.0
20.8
19 .0
22.0 
21.0
2 2 .5
19 .0
21.6
21.0 
22.2 
23 .2  
2 2 .7  
2 9 .6  
3 6 .4
44 .0
66.0

Iodine
V alue

360 .0
342 .0
357 .8
338 .2
341 .2
334 .0
352 .8
342 .0
343 .1
340 .0  
3 4 3 .5  
3 5 6 .7
313 .4
291.1  
234 .0
142.4

S tyrene T heore tica l 
from  U n sa tu ra-

Purified Polym ers
8.68
8 .73
8 .7 2
8 .6 2
8 .61
8.63
8 .7 0
8 .6 7
8 .5 8
8 .5 5

25 .0  
26 .3
25 .8
2 3 .0
2 2 .7
2 3 .2
25 .3  
24 .5
21 .9
2 0 .7

353 .5
346 .5
353 .3
356 .1
359 .3
359.1  
359 .8
359 .6  
355 .5
352.1

I. V.»
%

2 3 .4
2 7 .2
2 3 .9  
2 8 .0
2 7 .4
2 8 .9
2 4 .9
27 .2
2 7 .0  
2 7 .6
2 0 .9
2 4 .1
33 .4
3 8 .1  
5 0 .0  
6 9 .8

2 4 .8
26 .3
2 4 .8  
24 .2
23 .6
23 .6
23 .5
23 .5
24 .4  
25 .0

tion&
%

9 7 .0  
91 .9
9 4 .0  
9 2 .3
9 2 .0
9 1 .8
9 2 .7
9 2 .9
9 2 .2
93 .0
95 .2
98 .3
94 .8
97 .4
8 9 .0  
8 9 .2

100.4
100.1
101.3
9 8 .5
98 .7
9 9 .5

100.3  
100.1

97 .0
9 4 .8

100 -  i iQd" lue x  i o o ) .

T a b l e  VI.

V 469.6
b C alcu la ted  by  em ploying 469.6 as th e  theoretical iodine value fo r po ly ­

bu tad iene__i e _________iodine value  of polym er X 100_________ a  m  0f
*’ w t. p ropo rtion  of bu tad iene  in polym er X 469.6 0

theo re tical u n sa tu ra tio n .
c P rep ared  by  coagu lation  of polym er em ulsion w ith  alcohol and  w ashing 

w ith alcohol. A ddition  of an tio x id an t was om itted .
d P rep ared  from  benzene-soluble soap-free com m ercial polym er No. 12 

b y  frac tiona l coagu lation  from  d ilu te  benzene so lu tion  upon  ad d itio n  of 
m ethy l alcohol. T hese frac tions represen t a b o u t 90 per cen t of th e  polym er 
and  are  g iven in  order of decreasing  m olecular weights.

J. H . H eiss of these laboratories, giving a styrene content of 
23.4 per cent and a theoretical unsaturation of 99.1 per cent.

In  the case of benzene-soluble em ulsion-type polym ers 
purified by  coagulation and washing w ith ethyl alcohol, 
the data in T able V  show that very little  loss in  the 
unsaturation of butadiene beyond one of its double bonds 
occurs during polym erization. In this case the styrene 
contents given were also checked by  the above-m entioned  
interferometer m ethod. The iodine values of 
the alcohol precipitated and purified emulsion =  
polym ers from pure butadiene and specially  
purified isoprene also showed close agreement 
w ith theory.

Since soap is not rem oved b y  acetone extrac­
tion, its presence in the polym er will reduce 
the iodine value. T he soap content is generally 
less than 1 per cent, but in som e cases more 
m ay be present. In  a special case where a 
polym er was found to  contain 5.25 per cent 
soluble soap calculated as sodium stearate the 
iodine value of the acetone-extracted residue 
was found to  be 345.1. W hen the acetone- 
extracted polym er was refluxed w ith a mixture 
of 2 volum es of benzene and 1 of alcohol for 1 
hour to rem ove this soap, the iodine value of 
the polym er increased to  350.6. T his is a lower 
value than expected, which can only be ac­
counted for on the basis th at the soap acids 
were unsaturated.

T he presence of soap w ill lower the carbon- 
hydrogen ratio, resulting in  calculated styrene 
contents which are too low. Consequently the 
calculated per cent of theoretical unsaturation  
will be too low. T he presence of soap and other

Solvents E m ployed

im purities w ill reduce the iodine value, which also results in 
a lower calculated theoretical unsaturation.

W hen the styrene content is calculated  from the iodine 
value as shown in  T able III, it  is seen th at the presence of 
im purities giving a low iodine value will result in a calculated  
styrene content which is too high. T his m ethod for obtaining  
the styrene content w ill also g ive too high results if the buta­
diene present does not have theoretical unsaturation. If 
care is taken to  rem ove the soap, the iodine value m ethod  
should prove to  be a fairly accurate procedure for determ in­
ing the styrene content of commercial G R  S.

Iod ine V alue o f  B u tad ien e-A cry lic  N itr ile  
P olym ers

T he effect of different reaction conditions on the iodine 
value of butadiene-acrylic nitrile copolym er is shown in Table 
V I. These data show th at either of tw o procedures is satis­
factory. In  one procedure the polym er can be passed 60 
tim es through a tight m ill roll and rendered soluble in chloro­
form, thereby avoiding the use of p-dichlorobenzene. How ­
ever, to  save tim e a lesser am ount of m illing together with  
the use of p-dichlorobenzene w ill be found advantageous. 
In either case the use of W ijs solution is preferred, along with  
addition of 50 cc. of chloroform to the p-dichlorobenzene solu­
tion. T he polar nature of the glacial acetic acid increases the 
solubility of th e  polym er and its iodine chloride addition prod­
uct.

T he results of chemical analysis and iodine value of these 
polym ers are given in  T able V II, together w ith butadiene 
contents calculated from both carbon-hydrogen ratios and 
nitrogen contents. T he loss in unsaturation upon polym eriza­
tion  is higher than in  th e  case of the butadiene-styrene poly­
mers. T his is also reflected in  the low p lasticity  and diffi­
culty in  processing th e  nitrile copolym ers, since cross-linking  
or cyclization reactions during polym erization would be ex­
pected to  result in loss of unsaturation and decreased processi- 
bility.

Iod in e V alue o f P olych loroprene
T ests m ade on G N  neoprene using the present m ethod  

showed that in 2 hours at room tem perature the reaction had 
proceeded to 56.9 per cent com pletion (iodine value 169.1)

I o d i n e  V a l u e  o f  B u t a d i e n e - N i t r i l e  C o p o l y m e r s  u n d e r  
V a r i o u s  E x p e r i m e n t a l  C o n d i t i o n s

B u ta ­
diene- No. of H eatin g  Iodine 
N itrile  Passes P e rio d  C hloride T im e

Co- th ro u g h  in Solution  of R e­
polym ers M ill CeH<CU U sed action

Gram H ours Hours
(C opolym er con ta in ing  6.54%  nitrogen)

Iod ine Value®

50 gram s of CaHtCU +  
50 cc. of CSj 

50 gram s of CsH«CU -f- 
50 cc. of CHCU

50 gram s of C«H*CU +  
75 cc. of CHCU 

50 gram s of C*H«CU +  
50 cc. of CHCU

50 gram s of CaHtClj -f  
75 cc. of CHCU 

50 g ram s CsHtCU -f- 
50 cc. of CHCU

75 cc. of CHCU

0 .1 0 2 .5 W ijs 1 315.31

0 .1 0 2 .5 CC1. 1 3 0 6 .0¡>
0 .1 20 1 .25 W ijs 1 30 2 .1  (303.0)
0 .1 0 2 .5 W ijs 1 30 0 .0  (302.5)

0 .1 0 2 .5 Wijs 1 302 .2

0 .1 0 2 .5 W ijs 3 300 .5
0 .1 0 2 .5 W ijs 7 30 6 .0  (307.2)
0 .0 5 0 2 .5 W ijs 7 306 .2
0 .1 0 4 .5 W ijs 1 300 .1

0 .1 0 4 .5 W ijs 1 300 .4

0 .1 0 9 W ijs 3 2 3 9 .0  (2 4 5 .3 ) e
0 .1 20 3 W ijs 3 264 .8  (203.8)
0.1 60 2 W ijs 3 26 2 .0
0 .1 60 1 W ijs 3 265 .8
0 .0 5 60 1 W ijs 3 265 .5
0 .0 5 60 Wijs 3 264 .2
0 .0 5 60 W ijs 30 268 .2

a R eac tion  carried  o u t a t  room  tem p era tu re . 
f> H eav y  p p t. form ed. 
c P o lym er undissolved.
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T a b l e  V I I .  A n a l y s e s  o f  B u t a d i e n e - A c r y l ic  N i t r i l e  
P o l y m e r s

Polym ers

C arbon, per cen t 
H ydrogen, per cen t 
C /H  ra tio
B u tad iene  con ten t from  C /H  (A), per cent 
N itrogen, per cent 
A crylic n itrile, per cen t 
B utad iene  from  N  (B), per cent 
Iod ine value
T heoretical iodine value from  A, per cent 
T heoretical iodine value from  B, per cent 
A verage %  theore tical iodine value from  

A and  B

R egular n itrile H igh n itrile
c on ten t c o n ten t

81. S3 79 .80
9 .53 8 .9 0
8 .5 5 8 .9 7

7 9 .2 6 0 .5
6 .5 4 10.19

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

302 .2 266
8 1 .0 8 5 .0
8 6 .0 9 2 .3

8 3 .5 8 8 .6

and to  64.6 per cent (iodine value 191.9) after a 24-hour 
reaction period. T he theoretical iodine value for polychloro- 
prene is 297.1. A s no difficulties were experienced in the 
procedure, it  is concluded th at th e chlorine atom  attached  
to the carbon atom  in the second position in the butadiene 
base unit offers hindrance to  the iodine chloride addition  
reaction. T his was previously noted (£>), when it  was found  
that addition of iodine chloride b y  the K em p-W ijs method  
took place to the extent of only 30 per cent. A  comparison 
of these results also shows the greater activ ity  of the iodine 
chloride in  carbon tetrachloride. Another experim ent em­
ploying the present procedure using 0.05 gram of neoprene 
and a 24-hour reaction period a t room tem per­
ature resulted in forcing the addition to 67.3 
per cent, corresponding to  an iodine value of 
199.9.

more reactive than W ijs solution, causing considerable substi­
tution. In  th e  case of a 1.45 butyl rubber, the iodine values 
at room tem perature and 1-hour reaction period in  the dark 
were: Hanus, 6.86; iodine chloride in carbon tetrachloride,
6.57; and W ijs, 4.25.

E stim a tio n  o f N atu ra l and  S y n th e tic  R ubber in  
M ixed V u lcan izates

T he chromic acid oxidation m ethod of K heraskova and  
Korsunskaya (7) w hich was im proved b y  Burger, D onaldson, 
and B a ty  (2) serves to determ ine the natural rubber content 
of a m ixture of G R  S and natural rubber. T his m ethod, how­
ever, w ill not give the combined am ount of natural and G R  S 
rubber in an unknown vulcanized m ixture. For this purpose 
the authors have applied the present m ethod to  finely divided  
sam ples which were first acetone- and chloroform-extracted in 
the regular manner.

The com position tested  was a tread formula given in  Table  
IX . T he results of analysis presented in th is table appear to 
be satisfactory.

D u p licab ility  o f  M ethod
T he duplicability of the present iodine chloride m ethod is 

indicated by  Table X , w hich shows th at the present procedure 
as applied either to  crepe or butadiene-styrene copolym ers is 
probably duplicable w ithin ± 0 .2 5  per cent. Care m ust be 
taken, however, to  guard against nonhom ogeneity in the

Iod in e V alue o f  B u ty l Rubber
T he present m ethod, or the Kem p-W ijs 

procedure, was found not to be applicable to  
butyl rubber, since substitution occurs so readily 
in  both procedures as to introduce large un­
certainties in the low unsaturation values. 
Various procedures have been studied (Table 
V III).

Samples of 0.5 gram were used in all cases. 
In the case of chloroform only as the solvent, it 
required overnight to dissolve the butyl rubber. 
When hot p-diclilorobenzene was employed, as in 
the case of the butadiene polymers, the solution 
time ranged from 20 to 30 minutes. The concen­
tration of sodium thiosulfate solution was reduced 
to 0.05 N  to increase the accuracy of the titration. 
In other respects the procedure was the same 
as previously outlined.

The best choice of analytical procedure ap-

Eears to be to employ 50 grams of p-dichloro- 
enzene and 50 cc. of chloroform as a solvent to 
obtain maximum speed. The use of 5 cc. of Wijs 

solution and carrying out the reaction for 2 hours 
in the dark at ice-water temperature appear to keep 
substitution at a minimum, and at the same time 
complete the addition reaction with a series of 
butyl rubbers of varying unsaturation.

I t  is seen th at a  sam ple of polyisobutylene 
having an average molecular weight of about 
30,000 has an iodine value of 1.36, correspond­
ing to an unsaturation of 0.36 per cent. If 
th is unsaturation arises from free end valences, 
the unsaturation of the butyl rubber arising 
from the addition of the diolefin should be 
corrected by  subtracting this value. On the 
other hand, polyisobutylene m ay contain some 
diolefin.

H anus solution and iodine chloride in carbon 
tetrachloride were tried but were found to be

T a b l e  VIII. I o d i n e  N u m b e r  a n d  I s o p r e n e  C o n t e n t  o f  B u t y l  R u b b e r  
a n d  P o l y i s o b u t y l e n e  u n d e r  V a r i o u s  E x p e r i m e n t a l  C o n d i t i o n s

Iod ine^  Vl IavI r] nom o riae
Solution R eac­ R eac­

Used, tion tion Iodine U n sa tu ­
Polym er Solvents U sed W ijs Period T em p. Value ra tio n 0

Cc. Hours 0 C. %
Butyl B-1.45 100 cc. r f  C H C li 20 0 .5 24 5 .37 1 .44

20 1 24 6 .0 0 1 .61
20 4 24 7 .1 0 1 .90
10 0 .5 24 4 .9 0 1 .31
10 1 24 5 .4 9 1 .47
10 4 24 6 .6 5 1.78

5 0 .5 24 4 .1 3 1.11
5 1 24 4 .5 0 1.21
5 4 24 5 .6 2 1 .51
2 0 .5 24 3 .2 2 0 .8 6
2 1 24 3 .2 2 0 .8 6
2 4 24 3 .4 8 0 .9 3

10 0 .5 3 3 .8 7 1 .04
10 1 3 4 .2 4 1 .14
10 4 3 4 .8 8 1.31

5 0 .5 3 3 .3 6 0 .9 0
5 1 3 3 .4 4 0 .9 2
5 4 3 3 .8 6 1 .04
3 0 .5 3 3 .2 9 0 .8 8
3 1 3 3 .3 2 0 .8 9
3 4 3 3 .4 9 0 .9 4
2 0 .5 3 3 .1 7 0 .8 5
2 1 3 3 .2 2 0 .8 6
2 4 3 3 .1 7 0 .8 5

Polyisobutylene, ~
30,000 m olecular
w eight 20 1 24 1.37 0 .3 7

10 1 3 1.37 0 .3 7
2 0 .5 3 1.39 0 .3 7
2 1 3 1.37 0 .3 7
2 4 3 1 .39 0 .3 7

50 gram s of CeHiCli
+  50 cc. of CHCla 5 0 .2 5 3 1.09 0 .3 0

5 1 3 1 .15 0 .3 1
5 2 3 1 .36 0 .3 6
5 3 3 1.36 0 .3 6

B u ty l X 5 0 .2 5 3 3 .0 0 0 .81
5 1 3 3 .2 0 0 .8 6
5 2 3 3 .3 2 0 .8 9
5 3 3 3 .3 2 0 .8 9

B u ty l X -l 5 0 .2 5 3 4 .5 8 1.23
5 1 3 5 .1 6 1.38
5 2 3 5 .3 6 1.44
5 3 3 5 .4 6 1.46

B uty l X-2 5 0 .2 5 3 6 .5 0 1 .74
5 1 3 7 .3 5 1.97
5 2 3 7 .8 0 2 .0 9
5 3 3 7 .91 2 .1 2

a U n sa tu ra tio n iodine num ber of polym er X 100 
372.8
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T a b l e  IX . A n a l y s i s  o f  N a t u r a l  a n d  GR S V u l c a n i z a t e s
R u b b er T read  C om positions0

I I I I I I
G R  S (21%  sty rene) 
Sm oked sheets 
S tearic  acid 
K osm obile 77 
Zinc oxide 
Sulfur 
San tocure  
E l. Sixty-

100.00

'¿.*00
45 .00

5.00
3 .0 0  
1 .25  
0 .5 0

50 .00
50 .00

3 .0 0
4 5 .00

5 .00
3 .0 0  
1 .25  
0 .50

25 .00
75 .00

3 .0 0
45 .00

5 .0 0
3 .0 0  
1 .25  
0 .5 0

T o ta l 157.75 157.75 157.75
C alcu la ted  R u b b er C onten ts

N a tu ra l rubber, per cent 
N a tu ra l ru b b er hyd rocarbon  (%  n a tu ra l 

ru b b e r X 0.95), per cen t 
G R  S rubber, per cent 
G R  S ru b b er hydrocarbon  (%  G R  S X 

0.925), per cent

0.00
0.00

63 .4

58 .7

3 1 .8

3 0 .2  
3 1 .7

29 .3

47 .6

45 .2
15 .8

14.7
Chem ical A nalysis

A cetone ex trac t, per cent 
C hloroform  ex trac t, per cen t 
Sulfur, com bined, per cen t 
Iod ine value
N a tu ra l R . H . (chrom ic acid m ethod), 

per cent 
N a tu ra l rubber, per cent 
G R  S hydrocarbon , per cent 
G R  S ru b b e r (G R  S hyd rocarbon  -ł- 0.93), 

p e r cent

7 .8
2 .0
1 .27

225.1

1 .45
1.53

58 .8

63 .1

5 .6
1 .0
1 .86

232 .6

31 .3
3 3 .0
2 9 .0

3 1 .2

4 .0
0 .7 5
2 .13

235 .2

45 .3
4 7 .6
15.9

17.1

%  G R S h y drocarbon  *=* ——— - 372.8 C X  100
A =» iodine value of ex trac ted  vu lcan iza te  
B «=» com bined per cen t ace tone  and  chloroform  ex trac ts  
C =* per c en t n a tu ra l ru b b er hydrocarbon . D eterm ined  b y  chrom ic acid 

m ethod
D  *=» iodine value of ex trac ted  G R  S. A verage for 13 lots G R  S ru b b e r =» 

347.0
°  V ulcanized 20 m inu tes a t  142° C.

sam ples. Errors in sam ple w eight should be kept w ithin  
± 0 .0001  gram and the titration w ithin =*=0.03 cc. Since the 
end point in  the titration is sensitive to 0.01 cc. it  is not diffi­
cu lt to duplicate results w ithin the above lim its.

Substitution takes place more readily w ith the new m ethod  
than w ith the K em p-W ijs procedure, owing to th e greater 
chemical activ ity  of the iodine chloride in  carbon tetrachlo­

ride as compared w ith the W ijs reagent. B y  lim iting the tim e  
of reaction to 1 hour, the error due to substitution is very sm all 
and as judged from the results on crepe rubber the addition  
reaction appears to be com pleted in this time.

T a d l e  X . I o d i n e  V a l u e  o p  C r e p e  a n d  B u t a d i e n e - S t y r e n e
C o p o l y m e r R u b b e r UNDER V a r io u s C o n d i t i o n s

R eac­ R eac­
tion tion Iodine

Polym er M ethod Tim e T em p. V alue D ifference
H ours ° C. %

A P resen t 1 24 350 .1 0 .3 4
1 24 357 .3

B P resen t 1 24 312 .7 0 .4 9
314 .2

C P resen t 1 24 296 .6 0 .2 7
297 .4

Crepe ru b b er P resen t 1 24 352 .3 0 .0 9
Crepe ru b b e r0 P resen t 1 24 3 52 .0
Crepo rubber P resen t 16 24 3 73 .0
C repe ru b b e r0 K em p-W ijs 2 3 3 5 2 .5
C repe ru b b e r0 K em p-W ijs 1 24 353 .9

° 12 passes th rough  t ig h t m ill rolls.

C onclusion
T he procedures outlined in th is paper m ake it possible to  

determine accurately the unsaturation of a w ide range of 
synthetic rubberlike substances prepared b y  the polym eriza­
tion of m ono- and diolefins.
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Preparation o f Phosphom olybdic Acid from  Phosphoric 
Acid and Pure Molybdic Acid

A R T H U R  L IN Z , C l im a x  M o ly b d e n u m  C o ., N e w  Y o rk ,  N . Y .

M E T H O D S of preparation of phosphom olybdic acid 
appearing in the literature are intricate and indirect, 

usually involving several interm ediate steps (2) . T his re­
agent can, however, be directly prepared from pure m olybdic 
oxide and phosphoric acid (1 ). T he m olybdic oxide used by 
the author contained not more than 0.05 per cent impurities.

T he m ethod given  below  saves both tim e and materials 
in  th is preparation. I t  is applicable also to the preparation 
of phosphotungstic acid by  substitution of tungstic for 
m olybdic oxide. B y  changing th e molecular proportions, 
any one of the heteropoly acids of phosphorus and m olyb­
denum can be produced. T he sam e holds true for tungsten.

Pure molybdic oxide (144 grams, 1 mole) is weighed out and to 
it  are added 9.61 grams (1/12 mole) of 85 per cent phosphoric 
acid (U. S. P.) and enough water to make a total volume of ap­
proximately 1.5 liters. • On stirring, the suspension is white, 
having the appearance of milk. It is placed on a hot plate and 
heated to boiling. As the temperature increases_ the color 
changes from white to a canary yellow. After boiling for ap­
proximately 3 hours, some molybdic oxide still remains in sus­
pension. It is allowed to settle 2 minutes and filtered on an 
11-cm. No. 52 Whatman filter paper. The residue is washed

with 50 cc. of distilled water. The dried residue weighs 27.6 
grams, so that only 116.4 grams of molybdic oxide have gone 
into solution. The filtrate is clear and deep yellow in color. 
It is evaporated in a 1500-cc. beaker on the hot plate (requiring 
about 3 hours) to a volume of approximately 100 cc. The solu­
tion at this point is deep orange in color and boils at 106° C. 
It is then removed from the hot plate and allowed to cool to 
room temperature overnight. The crystals which form occupy 
almost the entire volume, leaving only a small amount'of super­
natant liquid. The crystals are filtered without washing and 
dried somewhat on a 9-em. No. 41-H Whatman filter paper.

T he filtrate has a volum e of 18 cc. and contains som e 10 
to 15 grams of phosphom olybdic acid. T he damp crystals 
weigh 130 grams when dried at room tem perature in  a 
vacuum , and th e  final w eight is 111.7 grams. T he product is 
deep yellow to orange in color and has lost som e of its crystal­
line appearance.
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Improved Electrometric Apparatus
For Use with the Karl Fischer Method for Determination of Water

C . D A N A  M C K IN N E Y , J R . ,  a n d  R . T .  H A L L  

H e rc u le s  P o w d e r  C o m p a n y ,  E x p e r im e n t  S t a t i o n ,  W ilm in g to n ,  D el.

W A T E R  is one of the m aterials m ost frequently  
determined in  analytical laboratories; the control of 

m any plant operations and the evaluation of m any research 
data are dependent on a know ledge of the water content of 
the products and interm ediates concerned.

One of the best of the numerous methods so far developed, 
first proposed by Fischer in 1935 (2), involves the direct deter­
mination of water by titration with a solution of iodine, sulfur 
dioxide, and pyridine in methanol. Since that time. Smith, 
Bryant, and Mitchell (5) have studied the nature of the re­
action and established the proper stoichiometric relationship 
of the various constituents of the reagent and their relation 
to the water removed. In  their work the end point was deter­
mined visually—i. e., taken at the point where the color of the 
solution being titrated changed from pale yellow to a dark brown, 
owing to a small excess of the reagent.

For dark-colored samples, Almy. Griffin, and Wilcox (1) 
developed a potentiometric method for determining the end 
point by measuring the potential difference of a platinum- 
tungsten electrode system. Although this method gave good 
results, the laboratory model Beckman pH meter used for 
measuring the electromotive force is expensive and the change 
of e. m. f. at the end point is comparatively small, only about 20 
millivolts.

Wernimont and Hopkinson (6) recently utilized the “dead- 
stop” end-point method of Foulk and Bawden (S) and pointed 
out that this method gives sharper and more reproducible end 
points than either the visual or the potentiometric method. 
The dead-stop method is based on the fact that when an electro­
motive force of about 10 millivolts is impressed upon two plat­
inum electrodes immersed in Karl Fischer reagent, current flows 
so that the galvanometer is deflected off the scale. During the 
titration the galvanometer remains deflected until at the end 
point it suddenly comes to zero reading. The work of these 
authors was duplicated in this laboratory with excellent success.

A pparatus and  R eagen ts

This paper describes a simpler, less ex­
pensive electrometric apparatus using the 
dead-stop technique for determ ining the end 
point. T he parts can be procured for about 
ten dollars. T he assem bly is rugged and  
is suitable for use in either research or plant 
control laboratories.

In this apparatus the rather delicate and ex­
pensive galvanometer used by Wernimont and 
Hopkinson (5) is replaced by a cathode ray 
“magic eye1' tube of the type used in a great 
number of laboratory instruments. The cir­
cuit used is essentially the titriineter circuit 
of Serfass (4), modified and adapted to the 
determination of the Karl Fischer end point.
Two platinum electrodes with a small polariz­
ing voltage are placed in the solution being 
titrated. The electrical changes on these elec­
trodes are amplified by a 6F5 vacuum tube.
The amplifier is coupled to the 6E5 cathode ray 
tube which serves as the indicator.

The power for this apparatus is furnished 
by the 110-volt alternating current lines 
through a 6H6 tube acting as a rectifier- 
doubler. The original Serfass circuit did not 
use the rectifier as a doubler, thus allowing 
his titrimeter to be used on both alternating 
and direct current supply lines. The authors’ 
rectifier-doubler circuit gives approximately a

250-volt direct current supply for the operation of the amplifier and 
cathode ray tubes. Although it cannot be used on direct current 
supply lines, this circuit has the advantage of giving a much 
brighter fluorescence on the target of the 6E5 cathode ray tube. 
The proper setting of the sensitivity control, a control for varying 
the bias of the grid of the 6F5 tube, was found in all cases to be 
the position of minimum resistance; therefore, this control was 
omitted from the finished instrument. Since it is necessary 
to use a polarizing voltage at all times, no provision is made for 
disconnecting this polarizing voltage.

The polarizing voltage is controlled by the current flowing 
through the 6F5 tube and varies with this current. At the 
beginning of the titration, this voltage is less than 1 millivolt and 
increases to about 15 millivolts at the end point. The current 
flowing between the electrodes during the titration is about 
5 microamperes and becomes practically zero at the end 
point.

It was found that fluctuations of 5 volts or less in the line 
voltage do not have an appreciable effect on the end point. 
Such fluctuations do cause small changes in the eye position, 
but the end point is still readily discernible. If the supply 
voltage is unstable, a constant-voltage transformer should be 
used or a voltage regulator tube should be incorporated into the 
circuit.

The electrometric assembly is wired in accordance with Figure 
1 and is mounted in a small metal cabinet. The complete setup 
is shown in Figures 2 and 3.

Titrations are made b y  adding an excess of Karl Fischer re­
agent and back-titrating the excess with a standard solution of 
water in methanol. The direct titration of the sample with 
Karl Fischer reagent was tried but was found to give pre­
mature and fading end points. I t  was decided, therefore, to 
adopt the back-titration with standard methanol. The titration 
flask containing the sample with eixcess Karl Fischer reagent 
is placed in position beneath the standard methanol buret. The 
eye control is turned carefully to the point where the “magic 
eye” is completely open. The eye control must not be turned

//0  k' 
W.C.

F i g u r e  1. W i r i n g  D ia g r a m  f o r  E l e c t r o m e t r i c  A p p a r a t u s

R i. 100,000-ohm fixed resistor, 0.5 w att 
Ri, R t. 1000-ohm fixed resistors, 1 w a tt 
Ri. 25,000-ohm fixed resistor, 1 w a tt

500.000-ohm fixed resistor, 1 w att 
350-ohm resistor (in line cord)
25.000-ohm volum e control

460

R>.
Re.
R:.

Ti. 6F5 
T2. 6E5
Tx. 6H6
5TFi. Single-pole single-throw  toggle switch 
Cu Ci. 4-/if. electrical condenser, 450 volts
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F i g u r e  2 . E l e c t r o m e t h i c  P o r t i o n  o f  A p p a r a t u s

beyond this point. The standard methanol is added at a rate 
of 1 to 2 drops per second until the eye starts to close, when the 
addition of metnanol is stopped. The eye m il completely close 
within 2 to 5 seconds. This slight lag is a characteristic of the 
reaction and has been observed by other workers using both the 
potentiometric and dead-stop methods.

Since it is essential that atmospheric moisture be carefully 
excluded from the reagents, an all-glass Schilling buret (Ace Glass 
Co., Catalog No. 3325) is used to dispense the Karl Fischer re­
agent. The methanol solution of water used for the back- 
titration is measured in a buret with a two-way stopcock, using 
a 2-liter bottle for a reservoir. The tip of this buret was modified 
by sealing on a tip of the shape necessary to fit the Bakelite 
stopper used to support the electrodes and prevent the entrance 
of atmospheric moisture. Both reagent reservoirs and burets 
are protected from atmospheric moisture with drying tubes 
filled with Drierite.

The reagents and the Bakelite stopper are the same as those 
used by Almy, Griffin, and Wilcox (1). The Karl Fischer re­
agent is prepared so that the molar ratio of iodine-sulfur dioxide- 
pyridine is 1:3:8.

Procedure
Weigh a sample containing 50 to 150 mg. of water into a 

titration flask. A 150-ml. extraction flask is convenient for this 
titration. If the sample is a solid or a viscous liquid, add 50 ml. 
of anhydrous methanol to serve as a solvent. The water content 
of this methanol must be determined by titrating a 50-ml. 
portion and correcting the results accordingly.

If the solid is insoluble in methanol, allow the sample to stand 
in contact with the solvent for 30 minutes. This procedure is 
adequate for finely divided solids such as wood pulp, nitro­
cellulose, and cotton linters. For dense granular samples such 
as proteins and ammonium nitrate, the methanol and sample 
must be heated to boiling, stoppered, and cooled to room tem­
perature before titrating with the Karl Fischer reagent.

Add the standardized Karl Fischer reagent to the sample until 
this reagent is present in a 1- to 2-ml. excess, indicated by the 
change of color of the solution being titrated from pale yellow  
to dark brown. Place the titrating flask beneath the standard

methanol buret, adjust the “magic eye” as described above, 
and titrate until the eye closes.

In making the calculations, the equivalence factors of the 
solutions are most conveniently expressed as milligrams of water 
per milliliters of solution.
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T a b l e  I. A n a l y s i s  o f  K n o w n  S o l u t i o n s  o f  W a t e r  i n
M e t h a n o l

Sam ple W ater W ater T o ta l W ater
No. Presen t A dded W ate r Found Difference

M g. M g. M g. Mo. M g.
1 11.7 5 6 .5 68 .2 67 .3 - 0 . 9
2 11.7 4 7 .7 59 .4 59 .5 +  0 .1
3 11 .7 55 .0 66 .7 6 6 .8 +  0 .1
4 11 .7 139.1 150.8 151.3 + 0 .5
5 11 .7 121.4 133.1 132.3 - 0 . 8
6 11.7 123.2 134.9 134.3 - 0 . 6
7 11 .7 168.2 179.9 179.5 - 0 . 4
8 11 .7 184.6 196.3 196.4 +  0 .1

A pplication  o f  M ethod

T he Karl Fischer m ethod, using th is electrom etric ap­
paratus for determ ining the end point, has been applied  
in th is laboratory to the determ ination o f water in a variety  
of samples, including such liquids as m ethanol, ethanol,

F i g u r e  3 . C o m p l e t e l y  A s s e m b l e d  E l e c t r o m e t r i c  
A p p a r a t u s
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T a b l e  II. C o m p a r i s o n  o f  E l e c t r o m e t r i c  K a r l  F i s c h e r  
M e t h o d  w i t h  O t h e r  M e t h o d s

-W ater Found- 
CC14

Sam ple K arl F ischer D istilla tion Oven
% % %

P ro te in 11.1 , 11.1 1 1 .1 ,1 0 .8 10 .9 , 10 .9
Vinsol resin 1 .2 , 1 .2 1 .4 , 1 .4
P ine oil 0 .6 6 ,0 .6 4 0 .5 * “
N itroglycerin 0 .2 8 ,0 .2 9 0.29«
W ood pulp 
N itrocellulose

6 .5 , 6 .6 6 .3 , 6 .3
2 .8 , 2 .8 2 . 9 ’ ”

Glycerol 2 .6 , 2 .6 2 .6 6
R osin size 3 0 .4 ,3 0 .5 3 0 .9 29 .*3,*29.3
Am m onium  n itra te 0 .2 6 ,0 .2 6 0 .3 3 ,0 .3 6

a B y desiccation m ethod. 
b B y specific g rav ity .

glycerol, pyridine, nitroglycerin, solutions of resins, pine oil, 
and pinene, and in solids such as protein m aterial, wood  
pulp, cotton linters, nitrocellulose, and am m onium  nitrate. 
T he results of the determ ination of water in  known mixtures 
of m ethanol and water are given in  Table I. A  comparison 
of th e  results obtained on several m iscellaneous m aterials by  
the Karl Fischer m ethod and by  other standard m ethods 
is given in Table II .

T he possibility th at h ighly unsaturated com pounds will 
interfere w ith the titration because of the addition of iodine 
to the ethylenic double bonds has been suggested by  earlier 
investigators. Others observed no interference of th is type. 
T he latter conclusion was confirmed b y  the authors. For

example, a 10-ml. excess of the K arl Fischer reagent was added  
to  the sam ple of pine oil and the m ixture allowed to  stand for 
14 m inutes before back-titrating. Under these exaggerated  
conditions, which are never encountered in  a normal analysis, 
a value of 0.67 per cent water was found, whereas b y  the 
regular procedure a value of 0.65 per cent was obtained. A 
similar experim ent w ith  a sam ple of pinene likewise showed  
that a negligible absorption of iodine took place.

Sum m ary

An im proved apparatus for the electrom etric determ ina­
tion of the end point in  the Karl Fischer m ethod has been  
constructed and applied to the determ ination of water in a 
variety  of materials. T he m oisture content of unsaturated  
com pounds can be successfully determ ined by  the Karl 
Fischer m ethod.
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An Improved Vapor Thermoregulator
J .  Y . Y E E

B u r e a u  o f  P l a n t  I n d u s t r y ,  S o ils ,  a n d  A g r i c u l tu r a l  E n g in e e r in g ,  U . S . D e p a r t m e n t  o f  A g r ic u l tu r e ,  B e lts v i l le ,  M d .

T H E  im proved therm oregulator described in  th is paper 
is especially designed for accurate control of the tem ­

perature of sm all insulated rooms. I t  has advantages over 
th e  one previously described b y  the author (2) in  th at it  is 
easier to  m ake; has a m uch wider tem perature range as well 
as a greater sensitiv ity  (* 0 .0 0 5 °  C .); and does n ot require 
the use of a m etallic bellows, which tends to  becom e brittle 
after continuous use ow ing to  the action of m ercury vapor on 
the brass.

D esign  o f  R egulator
The improved thermoregulator (Figure 1), except for parts 

of the adjustment mechanism, is made of Pyrex. Essentially, 
the regulator is a modified U-tube manometer filled with mercury. 
The levels of the mercury in arms A  and B  are controlled by the 
change of vapor pressure of ethyl ether with the change in tem­
perature. At the upper part of B  is a small evacuated bulb (about
2 cm. in diameter) containing an electric contact point, C, while 
the upper part of A  is connected to a thin-walled bulb, F (about
4 cm. in diameter and with a wall thickness of about 0.15 mm. at 
the bottom), containing some liquid ether. For contact point
C, it was found best to use a fine phonograph needle connected, 
by means of a steel coupling, to the tungsten wire sealed through 
at U.

The adjustment mechanism connected to the lower part of this 
modified manometer is similar to that used in the previous in­
struments described by the writer (2 , 3). It consists of a closely 
fitting Femico alloy plunger, L  (about 0.015 mm. smaller than

the bore), inside a very uniform-bore ( ±0.001-mm.) glass tube, 
J (8.04-mm. bore, 50 mm. long). The movement of the plunger 
is regulated by a finely threaded brass rod through a brass plug 
fastened to the top of the glass tube by means of wires around 
the projections on the side of the tube.

i f  is a mercury reservoir (25 X 35 mm.) with an opening, Q, 
for removing or introducing more mercury if necessary. Below 
J  is another reservoir, M  (10 X 2 cm.), holding enough mercury 
to take care of any change in levels in A  and B  occasioned by a 
sudden drop in temperature, so no air can be sucked into the upper 
parts of these tubes.

In order to make it possible for the adjustment mechanism 
to operate at atmospheric pressure while the upper part of B  is 
evacuated and that of A  is under the vapor pressure of ether, it is 
necessary to make the length of the mercury column between C 
and the middle of J  about S00 mm., which is greater than the 
highest atmospheric pressure ordinarily encountered.

F illin g  and A d ju stm en t
After assembling the various parts, which should be thoroughly 

cleaned and dried, into a unit, the thermoregulator is filled with 
mercury in the following manner: With stopcock O turned off 
and G opened to bulb H, and the Fernico plunger raised above 
J , the instrument is connected to a good mercury pump at D  and 
evacuated thoroughly. Mercury is then distilled into the in­
strument from flask E  until reservoir K  is about three-fourths full. 
After the instrument has been sealed off at R, air is introduced into 
the space above the mercury in the adjustment mechanism side by 
carefully opening stopcock 0  until the mercury levels in A  and B 
rise nearly halfway up in their respective tubes. At the same



time mercury in K  is allowed to run into J  to keep the mercury 
level from going down much below J ; otherwise air might ac­
cidentally get into tubes A  and B, which would render the in­
strument unworkable. To prevent accidentally letting too 
much air into the apparatus, a cork, P, with a small slot at the 
side is placed in the inlet tube above 0 .

Next, about 1 ml. of dried ethyl ether, which has been stored 
over mercury to remove any peroxide, is transferred through 
I  by the method previously described (S) into bulb F, the bottom 
of which is kept in a cold-water bath. With stopcock G turned 
ofi and the water bath replaced by some powdered dry ice to lower 
the vapor pressure of the ether in the system to about 2 cm. of 
mercury, the instrument is sealed off at S.

After the dry ice has been removed and the ether in F has come 
to room temperature, more air is admitted through 0  until the 
pressure inside the adjustment mechanism is equal to atmospheric 
pressure, so cap N  can be removed. The manometer reading, 
shown by the difference between the mercury levels in A  and B, 
is then equal to the vapor pressure of ethyl ether at room tem­
perature. The thermoregulator is now ready for use.

Suppose, for example, it is desired to operate a constant- 
temperature room at 30° C. As the room is being warmed up 
to the desired temperature, the vapor pressure of the ether in the 
system increases and forces some of the mercury back into K , 
as the Femico plunger is still above J . When the room tem­
perature reaches a little above 29° C., the Femico plunger is 
lowered into J  so as to force the mercury level up in B, almost to 
make contact with C. The amount of mercury in the system  
can be adjusted so that the Femico plunger is operating in about 
the middle of J , when the desired temperature is reached. In case 
it is necessary to put some mercury back in K , it is best to put 
N  in place again after the plunger has been raised above J  and 
apply suction to 0 . Mercury is withdrawn from the reservoir by 
simply tilting the instrument. The final adjustment is ac­
complished by slowly lowering the plunger until the mercury in 
A  barely makes contact at C when the room temperature is exactly 
at 30° C. The plunger is then locked in position by means of the 
lock nut, T. Sufficient time should be allowed for the mercury 
in the system to come to equilibrium.
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S en sitiv ity  and  T em p eratu re R ange

Since glass is n ot a good therm al conductor, the sensitiv ity  
of the instrum ent depends largely on the thickness of the  
w all of bulb F. I t  should be as th in  as possible, but strong  
enough to stand th e  pressure encountered a t the tem perature 
range at w hich the instrum ent is intended to  be used. For 
th is reason, th is bulb should be tested  before being sealed to 
the instrum ent.

T he lower lim it of tem perature range of th is typ e of 
therm oregulator is the freezing point of m ercury ( —38.87° C .), 
but a t th is tem perature the sensitiv ity  of the instrum ent 
is greatly reduced, since the vapor pressure of ethyl ether at 
—40° C. changes more slow ly w ith the tem perature than a t 
30° C. For such low tem perature, therefore, a  liquid such 
as eth yl chloride is more suitable than ethyl ether. The 
upper lim it of the tem perature range is determ ined by  the 
lengths of A  and B . For this particular instrum ent, the upper 
lim it is a  little  above 40° C., because the distance betw een  
the contact point, C, and the bottom  of /I is about 940 mm., 
while the vapor pressure of ethyl ether at th is tem perature is 
about 921 m m . I f  the instrum ent is intended to  be used for 
higher tem peratures, arms A  and B  should be m ade longer 
and the w all o f F  should be m ade thicker to stand the cor­
respondingly higher pressure. In  place of the glass bulb, F, 
however, a  thin-w alled bulb or tube of som e m etal that does 
not react w ith  mercury m ay be connected to  th e  instrum ent 
by m eans of a Fernico coupling. T his w ill perm it higher 
operating tem peratures and at the sam e tim e give improved  
sen sitiv ity  due to  the better therm al conduction of the m etal.

T his im proved therm oregulator together w ith a sensitive  
relay (1) was able to  m aintain a constant-tem perature room  
at 30° ± 0 .0 0 5 °  C. a t  the regulator as shown b y  a  differential 
therm om eter. In  order to  do th is, th e  heat input should 
be properly balanced w ith the heat loss of th e room, so that 
there is practically no lag in  th e  heating system .

In  case it  is desired to lower the tem perature in  the room, 
the Fernico plunger is raised above tube J  and more mercury 
from the reservoir is added to  the system  until the plunger 
is again operating a t about the m iddle of J  when the m ercury 
m akes contact a t C  a t the desired tem perature.
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To Hg Pump

In  the summer, when th e outside tem perature was 35° C. 
or more, it  was possible to m aintain in  a well-insulated  
(5-cm., 2-inch, cork insulation) room (7 X  13 X  10 feet) to  
± 0 .0 3 °  C. a t the regulator, w ith th e  aid of a  sm all refrigerator 
unit and tw o therm oregulators of th is type, one controlling  
the heater and the other th e  cooling unit. In  order to  ac­
complish this, the heat input was carefully balanced against 
the cooling unit and fans were placed at different levels of 
the room to  ensure proper circulation. Tem perature in 
reaction chambers located on opposite sides of the room  
showed the sam e tem perature variations.
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Vacuum Distillation Equipm ent for Volatile Solids
L U T H E R  B O L S T A D  a n d  R A L P H  E. D U N B A R  
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D U R IN G  the preparation of a quantity of aluminum  
ethoxide (1) considerable difficulty was encountered in 

the final purification when the usual vacuum  distillation  
equipm ent was used. Troublesom e condensation, even  
leading to  com plete clogging in the delivery tubes, often pre­
vents distillation. Special equipm ent failed to give satis­
factory results (3). Furthermore, where the product m ust 
be repeatedly distilled there is considerable loss and possible 
contam ination during transfer of the distillate from receiver 
to original flask. Similar conditions are likewise encountered  
when distilling benzophenone, phenyl cinnam ate, and similar 
compounds. T he apparatus, as illustrated, was designed  
and constructed to elim inate m any of these difficulties.

Two round-bottomed flasks, A  and B, of suitable capacity (50 
to 500 ml.) are attached to a glass Y-tube, C, of large diameter 
(15 to 25 mm.). The upper end of this Y-tube is sealed to a 
short length of 8-mm. glass tubing, so that it may be attached 
to a thermometer by a small section of rubber tubing at D. A 
convenient side arm, E, is provided for evacuating the entire 
equipment.

The solid to be distilled is placed in flask A, the vacuum is ap­
plied, and flask B  is cooled with running water. The application 
of heat to A  causes the solid to distill, the temperature being 
recorded as usual on the thermometer. If the distillation is to be 
repeated, A  is now thoroughly cleaned, the vacuum is again ap­
plied, B  is heated, and A  is now cooled as the receiver. This 
process may be repeated indefinitely. In case it becomes neces­
sary further to subdivide the distillate at some definite tempera­
ture, the flask being used as the receiver may be replaced by one 
of the type shown at F. A simple turn of 180° will throw either 
flask into position as the receiver. Rubber stoppers, or prefer­
ably ground-glass connections (S'), may be used throughout in 
constructing the equipment.
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Identification o f Rust on Iron and Steel

I N  SOM E investigations in  this laboratory it  was necessary 
to identify  rust on lubricated ferrous alloys. Visual 

inspection could n ot be relied upon because of the sim ilarity  
in  appearance betw een rust and petroleum  gum. Ordinary 
chem ical tests were not applicable, since m ost of them  brought 
about the rem oval of som e of the base m etal along w ith  the 
rust. R em oval of the rust b y  pressing solvent-im pregnated  
filter or gelatin paper onto the specimen proved unsatis­
factory; w ith all the solvents tried, the base m etal was pref­
erentially dissolved. W hile these tests were unsatisfactory  
on the whole, those obtained w ith gelatin paper were m uch  
better than those in  which ordinary filter paper was used. 
T his suggested the use of gelatin paper m oistened w ith  water 
rather than a rust solvent. Subsequently it  w as found th at  
gelatin paper m oistened only w ith water was capable of 
rem oving an am ount of iron rust sufficient for testing, w ithout 
affecting the m etal itself.

P rocedure
The gelatin paper was prepared by fixing unexposed glossy 

photographic paper in sodium thiosulfate solution (200 grams in 
1 liter of solution), treating in a hypo-eliminating solution (1)

R A L P H  O . C L A R K

G u l f  R e s e a r c h  &  D e v e lo p m e n t  C o m p a n y  
P i t t s b u r g h ,  P e n n a .

and drying. The hypo-climinator (Kodak Formula HE-1) is 
prepared as follows:

W ater 500 ml.
H ydrogen peroxide, 3%  125 ml.
A m m onium  hydroxide, 3%  100 ml.
W ate r to  m ake  1 lite r

After fixing, the paper is washed 30 minutes in running water, 
immersed for 6 minutes in the above solution, washed for 10 
minutes in water, and dried. About 6450 sq. cm. (1000 sq. 
inches) of paper may be processed in 1 liter of solution. Paper 
processed in this fashion may be stored in stoppered bottles in­
definitely.

T o carry out a test the gelatin surface of the dry paper is 
moistened slightly with distilled water and pressed firmly against 
the specimen. Continuous pressure on the paper is unnecessary, 
owing to the inherent adhesive property of the moist gelatin. 
After 15 to 30 seconds the paper is removed, care being taken to 
avoid stripping the gelatin coating from the paper base. Should 
it be impossible to remove the paper without this happening, the 
back should be moistened with distilled water and allowed to
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stand for a minute or so, before another attempt at removal is 
made.

After removal from the specimen, the test paper is immersed in 
10 per cent hydrochloric acid containing 0.05 per cent potassium 
ferrocyanide. Upon development a Prussian blue pattern of the 
rusted surface is obtained. The development time should be rela­
tively short (10 to 15 seconds) in the case of freshly rusted sur­
faces if an accurate rust pattern is desired. With aged or worn 
rust it may be necessary to extend the time of development to 
one minute or more. The pattern is usually more distinct if the 
paper is dried with heat.

T he Prussian blue developed in the gelatin has little  
tendency to diffuse and, contrary to filter paper prints, clear, 
sharp patterns result. P otassium  ferrocyanide is preferred 
to potassium  th iocyanate as a developing agent since the 
latter tends to give a blurred and indistinct image.
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An Im proved Salt Bridge for Polarographie and Potentiom etrie  
Measurements

D A V ID  N . H U M E  a n d  W A L T E R  E . H A R R IS  
S c h o o l o f  C h e m is t r y ,  U n iv e r s i ty  o f  M in n e s o ta ,  M in n e a p o l i s ,  M in n .

attributable to the plugs. Laitinen (3) has described an in- 
verted-U  bridge with sintered-glass ends which has a lower 
resistance but which, in common w ith other all-glass designs 
(1, 4), is rather cumbersome to use.

The authors have found the very simple bridge illustrated in 
Figure 1 to be highly satisfactory. The saturated calomel elec­
trode, A , is connected to the cell with a piece of ordinary soft 
rubber tubing, B, 6 mm. in inside diameter, filled with saturated 
potassium chloride. The rubber tube terminates in a short 
length of glass tubing filled with 3 per cent agar jell, also saturated 
with potassium chloride. When it is to bo used, the free end of 
the bridge is simply plugged into the cell. The reference elec­
trode may be kept permanently out of the way and the necessity 
of simultaneously adjusting two cells in a thermostat to conncct 
with an unbendable glass bridge is eliminated.

Figure 1 shows how an intermediate agar plug, D, having the 
same composition as the cell liquid, may be used if contamination 
with potassium chloride is undesirable. If traces of potassium  
chloride are not objectionable, the free end of the bridge may be 
inserted directly into the solution. For this purpose it is con­
venient to have a thin, coarsely-sintered glass plug at the tip of C. 
The agar is still desirable to prevent mixing by convection. The 
end of the bridge is kept in potassium chloride solution when not 
in use.

T he resistance of such a bridge 56 cm. long was found to  
be only 600 ohms. For a polarogram show ing a diffusion cur­
rent of 10 microamperes, the error in  half-w ave potential due 
to IR  drop in the bridge would be about 3 m illivolts. T his 
error is negligible for m ost purposes and m ay, of course, be 
decreased by  the use o f a  shorter bridge or larger tubing. I f  
exact values of half-wave potentials are desired, the resistance 
of the cell and bridge m ay be measured and the correction  
applied whenever necessary. For potentiom etric titrations, 
in w hich a low7 bridge resistance is n ot essential, plug D  is 
conveniently replaced by one of ground glass, as in the bridge  
of Irving and Sm ith (2).
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A N  E X T E R N A L  reference electrode is frequently used 
in  potentiom etric and polarographic measurem ents. 

T he connection to the solution is by some type of a salt bridge. 
T he ideal salt bridge, in  addition to elim inating the junction  
potential, should have a low  resistance (especially in polarog- 
raphy), should not contam inate the solution being used, and 
should be easy to handle. A  number of bridges have been de­
scribed in  the literature, none of w hich incorporates a ll the 
desired features. T he inverted-U  bridge of Irving and  
Sm ith (2), w ith  ground-glass plugs a t the ends, has been  
w idely used in potentiom etric work but has an undesirably 
high resistance for polarography if the reference electrode is 
to be used as the anode. A  bridge of this type, 40 cm. long, 
when filled w ith saturated potassium  chloride, w as found to  
have a resistance of about 7000 ohms, som e 6500 ohm s being

E xperim ental
T ests performed on solvent-cleaned, specially prepared, 

rusted iron and steel strips using the procedure described 
gave satisfactory analytical patterns of the rusted surface. 
T ests m ade on clean, freshly polished iron strips failed to  
give a Prussian blue color even  upon prolonged developm ent.

The test apparently is specific for iron oxide; attem pts to 
remove sulfide films from copper or lead specim ens were 
unsuccessful. T h is was attributed to  the fine structure and 
close adherence of the sulfide film in  contrast to the rather 
flaky and loosely held ferric oxide layer.
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A Briquetting Press and Electrode Loader for 
Spectrochemical Analysis
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An inexpensive and easily  con stru cted  ap­
paratus is  described, for b r iq u ettin g  a 
powdered sam p le for spectrograph ic an a ly­
sis  and load in g  th e  b riq u et in to  an  e lec­
trode crater w ith o u t su b seq u en t m an u a l 
h an d lin g . T h e  apparatus m in im izes  con ­
ta m in a tio n  and loss o f  sam p le , as w ell as 
danger o f  electrode breakage u pon  load in g .

SA M PL E S subm itted  for spectrochem ical analysis are 
often in the form of powder or m aterial which m ust be 

brought to  a powder in preparation for the analysis. T h is is 
particularly true in the case of rocks, ores, slags, refractories, 
ashes, residues, ceramic products, and pigm ents. T he dried 
residue of a dissolved m etal or alloy is also som etim es used for 
analysis.

W hen a powdered sam ple is placed in  the crater of a 
carbon or graphite electrode, som e difficulties m ay be en­
countered. A n unpacked sam ple requires a deeper electrode 
crater than a tigh tly  packed sample, and an excessive am ount 
of electrode w all m ust be consumed if the sam ple is burned  
to  com pletion. A  powdered sam ple placed loosely in the  
crater does n ot burn so uniformly as a sam ple packed in the  
electrode under pressure. A  light and fluffy powder, or one 
containing certain compounds, tends to be blown from the  
crater during arcing. Considerable tim e is often spent in  
transferring a weighed sam ple to the crater w ithout any loss 
of sam ple. Preburned electrodes tend to  be fragile and 
extra care m ust be taken in filling them .

Packing the powdered sample into the electrode crater 
or briquetting the sam ple into a firm pellet and placing the  
pellet in  the crater has become common practice. T he  
packing operation is performed b y  m eans of a steel rod (5); 
and the briquetting is done w ith th e  aid of a punch and die 
(2, 4 ). a  micro pellet press, or a briquetting press recently  
described ( / ) .  In  all these briquetting m ethods the pellet 
m ust be handled in placing it  in the electrode crater.

T he apparatus described here briquets th e  sample, dis­
charges the pellet directly into the electrode crater, and presses 
the pellet firmly into the crater w ithout subjecting the pellet 
to  handling by the operator. R epeated checks have shown a 
negligible loss of sam ple during these operations. T he ap­
paratus is inexpensive, requires very little m etal for its con­
struction, and can be easily built in any well-equipped  
m achine shop. T he sam ple to be briquetted m ay be a 
powdered sam ple or a m ixture of sam ple and other material 
added to  serve as arc stabilizer, binder, or carrier of the  
internal standard. E lectrodes prepared by  m eans of either 
of the tw o m ost com m only used electrode cutting tools (3, 5) 
m ay be used.

A pparatus
D e s i g n  D e t a i l s .  Figure 1 shows the construction and 

Figure 2 shows the apparatus assembled and unassembled.
The base, A, is a circular piece of 0.25-inch steel plate, 2.75 

inches in diameter, supported by three 0.25-inch steel legs, B,
1 inch in length from the bottom of the base. The electrode 
holder, C, is a hollow bolt with a 0.75-inch hexagonal head, D,

1.375 inches long and having a 0.5-inch threaded outside diameter. 
It has a 0.25-inch inside diameter which is threaded through the 
head end to a depth of 0.5 inch. The upper end is beveled flat 
to fit tightly against the briquetting mold. The bolt is screwed 
up tight through the center of the base. The electrode 
height adjuster, E, is a threaded steel rod 0.75 inch in length and 
0.25 inch in diameter, at one end of which is a knurled nut, F, 
1 inch in diameter and 0.25 inch thick. The adjuster screws 
into the electrode holder from below.

The briquetting mold, G, is a cylindrical piece of 0.875-inch 
steel rod 2.375 inches in length. A threaded hole 0.5 inch in 
diameter and 0.688 inch in depth is bored in the center of the 
lower end of the mold. Two rectangular slits, II, 0.25 inch wide 
and 0.G88 inch in length, are cut on opposite sides of the threaded 
end of the mold. A 0.188-inch hole is bored in the center of the 
upper end of the mold and extends through the mold to the 
threaded end. The top of the mold is reamed out to a funnel 
shape 0.25 inch deep and 0.75 inch in diameter. A 1.5 X 0.25 X 
0.125 inch steel plate, I, with rounded ends fits into the slit 
at the bottom of the mold and separates the top of the electrode 
holder from the bottom of the 0.188-inch hole in the mold when 
the mold is screwed down firmly over the electrode holder. A 
tool steel rod, J , 0.188 inch in diameter and 2 inches in length, 
slightly concave at the lower end, and having a head, K , at the 
upper end made of a circular piece of 0.25-inch steel 1.44 inches 
in diameter, serves as a plunger. A small wire spring, L, 1.75 
inches in length, compressible to 0.688 inch, is placed over the 
plunger and is held in place by the plunger head.

O p e r a t i o n .  The briquetting mold is removed from the 
electrode holder and the plunger is removed from the mold. 
A 0.25-inch spectroscopic electrode, less than 1.25 inches in 
length, having square-cut ends and a crater of desired depth, 
is placed in the electrode holder with the crater end up, but 
not extending above the top of the electrode holder. The mold 
is screwed down over the electrode holder, the steel plate is 
placed in its slot, and the mold is tightened. The electrode is

F i g u r e  1 . C o n s t r u c t i o n  o f  A p p a r a t u s

466



July 15, 1943 A N A L Y T I C A L  E D I T I O N 467

F i g u r e  2 . B r i q u e t t i n g  P r e s s , U n a s s e m b l e d  a n d  A s s e m b l e d

raised by turning the height adjuster until the top of the electrode 
presses firmly against the bottom of the steel plate. The pow­
dered sample or sample mixture is placed in the 0.188-inch 
hole in the top of the mold, using the top of the mold as a funnel, 
and is brushed into the mold with a camel’s-hair brush. If it is 
desirable that the sample not touch the upper part of the side­
walls of the mold, a small glass funnel may be used to introduce 
the sample into tne bottom of the mold. The plunger is placed 
in the mold and pressure is applied to the plunger head, molding 
the sample between the bottom  of the plunger and the top of the 
steel plate, I.

The spring raises the plunger from the sample when the pressure 
is released. The mold is loosened one turn, the steel plate is 
removed, and the mold is screwed down until the inside of 
the mold is in firm contact with the electrode holder and the

top of the electrode. A slight pressure on 
the plunger head discharges the pellet into 
the electrode crater and additional pressure 
forces the pellet firmly into the crater. The 
mold is removed from the electrode holder 
and the height adjuster is turned up until 
the filled electrode projects sufficiently from 
the top of the electrode holder to be easily 
removed.

T he apparatus as described is fitted to  
electrodes of 0.25-inch diam eter w ith  drilled 
craters larger than 0.18 inch, b u t dim en­
sions can be adjusted for construction of 
a similar apparatus fitted to electrodes of 
other size. T he apparatus is easy  to take  
apart and can be cleaned w ith the aid of 
a sm all brush and pipe cleaner. Fragile, 
preburned electrodes m ay easily be filled 
w ithout breaking. T he sam ples m ay be 
briquetted by hand pressure or by  m eans 
of a  press operated under known pres­
sures (4).
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A Glass Laboratory Pum p for 
Gases or Liquids
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A N  ALL-G LASS pum p, which is leakproof and simple in 
construction, has been found satisfactory for circulating 

gases or liquids in an experim ental apparatus. T he pump is 
a reciprocating piston w ith tw o check valves arranged as 
indicated in Figure 1. Features of construction are the 
mercury-sealed 5-ml. Pyrex hypoderm ic syringe th at serves 
as a piston, the vacuum -operated reciprocating m otor of the 
autom obile windshield-wiper type, and the mercury-loaded  
glass check valves. T he check valves, w hich are bulbs 
10 mm. in  diam eter on a 15-mm. length of 4-m m . tubing, 
are ground to  form a gastight seat on 8-mm. tubing. A  small 
am ount of m ercury sealed into each check va lve adds weight 
and ensures rapid and secure seating of th e valve. M ercury  
from the seal around the plunger does not penetrate the 
piston.

T he pump delivers gas a t 230 ml. per m inute against a 
head of 1 cm. of mercury; the lim iting head for gas is 25 cm. 
of mercury. T he piston w ith its  mercury seal is gastight. 
Liquids are delivered a t heads lim ited only b y  the power of 
the motor.



A Molecular Still of New Design
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A  c y c lic  s t i l l  o f  s im p le  d e s ig n  fo r  u s e  i n  t h e  p u r i f ic a ­
t io n  o f  e i t h e r  l a r g e  o r  s m a l l  q u a n t i t i e s  o f  m a t e r i a l  is  
d e s c r ib e d .  T h e  e v a p o r a to r  s u r r o u n d s  t h e  c o n ­
d e n s e r ,  t h u s  p ro v id in g  a  l a r g e  s u r f a c e  a r e a  fo r  
e v a p o r a t io n  a n d  a  r e la t iv e ly  s m a l l  a r e a  f r o m  
w h ic h  t h e  c o n d e n s a t e  m u s t  d r a in .  D u r in g  a  d i s ­
t i l l a t i o n  a  m a g n e t ic a l l y  d r iv e n  r o t o r  s p r e a d s  t h e  
i n c o m in g  d i s t i l l a n d  i n  a  t h i n  f ilm  o v e r  t h e  e v a p o r a ­
t o r  s u r f a c e .  T h e  c o n d e n s e r  is  a t t a c h e d  t h r o u g h  a

g r o u n d  j o i n t  a n d  i t s  e a s y  r e m o v a l  m a k e s  p o s s ib le  a  
r a p id  q u a n t i t a t i v e  c o l l e c t io n  o f  e i t h e r  l iq u id  o r  
so l id  d i s t i l l a t e s .  T h e  s t i l l  i s  g la s s - s u r f a c e d  
t h r o u g h o u t  a n d  is  t h e r e f o r e  w e ll  a d a p t e d  f o r  u s e  in  
a u to x i d a t i o n  s tu d i e s .  T h i s  ty p e  o f  s t i l l ,  b e s id e s  
c o n t r i b u t i n g  to  g r e a t e r  e f f ic ie n c y  in  d i s t i l l a t i o n ,  
m a k e s  t h e  t e c h n i q u e  o f  m o le c u la r  d i s t i l l a t i o n  a p ­
p l ic a b le  to  a  w id e r  v a r ie ty  o f  l a b o r a to r y  p r o b le m s  
t h a n  o t h e r s  h i t h e r t o  i n  u s e .

to  pass to the condenser during the heating interval. I t  is 
therefore essential th a t th e  surface be continuously renewed 
to prevent the less volatile  com ponents of the distilland from  
im prisoning m olecules which would norm ally distill if allowed  
to  reach the surface. Such im prisonm ent is exemplified in 
the pot type of still, in  which a thick layer of distilland is
com m only em ployed w ithout special provision for effecting
surface renewal. In  such a still relatively high tem peratures 

are required to effect distillation and since 
the heating is necessarily continuous, heat- 
labile com pounds are subjected to a great 
risk of decom position. N evertheless, the  
degree of fractionation is low.

A considerable advance in  distillation  
technique has resulted w ith the shifting  
of the evaporator from the horizontal to 
a vertical position, in which form the dis­
tilland is allowed to  flow over a cylindrical 
or dom e-shaped evaporator (3 -6 ). Such 
vertical-surface stills depend upon gravi­
tational flow to  control the thickness of 
the layer of the distilland and to effect re­
newal of the distilling surface.

One of the chief problems is to  induce 
the distilland to  spread over the evapo­
rator. In  attem pting to  solve th is prob­
lem, experim enters have resorted to  the  
use of concentric wire gauze distributors 
and spiral em bossing of the evaporator 
surface (S), spirally w ound wire (5), or 
fragm ent glass which is fused to a  glass 
evaporator to roughen its surface (1). 
W hile these devices are reported to effect 
spreading, it is to  be expected th at they  
should obstruct the free flow of the  
distilland and thus create zones o f varia­
ble thickness and regions of sluggish flow 
w ith consequent subjection o f localized 
areas to  a relatively long period of heat­
ing. A  further difficulty which m ay arise 
in sim ple gravitational flow is th a t of 
stratification of the distilland (2), the  
inner strata nearest the evaporator m ov­
ing very slow ly while th e colder outer 
strata, from w liich evaporation is possible, 
m ove w ith relative rapidity. T his diffi­
cu lty  is likely to  becom e of im portance 
w ith a distilland of high v iscosity  and 
especially a t the lower tem peratures.

I N  T H E  application of molecular distillation to the separa­
tion or purification of compounds, two recognized tech­

nical problems involve (1) the continuous renewal of the 
surface of the distilland, and (2) th e  rem oval of the distillate  
from the condenser. T he first is of im portance because the 
process of molecular distillation is essentially evaporation  
from the surface of the distilland and it  is evident th at only  
those molecules which reach the surface have the opportunity

F i g u r e  1
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A, evap o ra to r; B , C , jo in ts  for a t ta c h ­
ing  condenser an d  cold tra p , respec­
tive ly ; D, ro to r; E , condenser; F, 
frac tion  c u tte r; O, cock connecting^ to  
vacuum  line; M , M ',  cocks connecting 

to reservoirs.
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T he second problem, th at of removal of the distillate from  
the condenser, is one of particular im portance in  laboratory- 
scale operations. In  the vertical surface stills which have 
been em ployed, th e  distillate is spread over a large surface, 
since the condenser com m only surrounds the evaporator and 
m ust therefore have a larger surface area than th a t of the  
evaporator. In  laboratory operations the total distillate  
m ay consist of as little  as 1 gram or even 1 nig. of material. 
Furthermore, for som e purposes it  m ay be desirable to  divide 
the distillate into a number of fractions. I f  it  happens to  be 
a liquid, som e of it  m ay find its w ay through the delivery  
tube and fraction cutting device into the receiver. However, 
if it  is a  solid or sem isolid it  is likely to  remain quantitatively  
on the w alls of the condenser. To circum vent th is difficulty 
H ickm an (3) introduced the use of a constant yield  oil, the 
function of w hich was to  entrain the distillate and carry it 
out of the still. In  effect, th is technique involves the transfer 
of the distillate from one oil to  another, from which it  is 
usually not more readily rem ovable than from the first.

A  third problem in  still construction, the elim ination of 
exposed m etallic surfaces, arose in th is laboratory in the  
application of molecular d istillation to  the stu d y  of autoxida- 
tion  of fats. Since it  is w ell know n th a t mere traces of certain 
m etals m arkedly accelerate autoxidation, it  seem ed in­
advisable to  a ttem pt such studies w ith  a still in  w hich the  
fats were continuously in contact w ith m etallic surfaces.

E ffective advances have been m ade toward the solution  
of these three problem s in a s t ill now in use in  th is laboratory. 
A  description of the construction and operation of the still 
(Figure 1) are given here.

C on stru ction  o f th e  S till
The functional part of the still, the distilling chamber, consists 

of (1) a  cylindrical evaporator which is electrically heated from 
the outside, (2) a magnetically driven rotor which spreads the 
distilland over the inner surface of the evaporator, (3) a removable 
condenser which serves as a bearing for the rotor, and (4) a 
fraction cutter for the removal of liquid distillates. The chamber 
is connected on one side through a dry ice trap to an oil diffusion 
pump outfit (Cenco N o. 93,270A) and a modified McLeod gage, 
and on the other side to two reservoirs and a magnetic pump.

The details of the distilling chamber are shown diagram- 
maticaOy in Figure 2. The evaporator, A , is a Pyrex tube, 
50 X 450 mm., which is closed at the upper end and connects 
through an annulus to the two male joints, B  and C (T  29/42), 
at the lower end. A side arm from the annulus connects with 
the lower reservoir, and another side arm near the top of the 
evaporator connects through a drop-regulator to the upper 
reservoir. The evaporator is heated by a jacket which contains 
a series of ten vertical coils comprising a total of 60 feet of No. 
22 Nichrome wire. A thermometer is mounted in contact with 
the evaporator wall and the temperature is controlled by a 
rheostat in a 110-volt circuit.

The rotor, D, consists of three 5-mm. rods fused to a magnet 
chamber fitted closely to the evaporator surface, with just enough 
clearance to allow rotation (see cross-sectional view at upper 
right of Figure 2). The magnet chamber contains a ring of ten 
permanent magnets (Alnico, General Electric Co., 0.938 cm., 
0.375 inch, in diameter and 0.469 cm., 0.188 inch thick) which 
are held in position by decagonal sheets of asbestos and sealed 
in the chamber under high vacuum. A conical indentation 
in the center of the lower surface, ground to fit the tip of 
the condenser, serves as the bearing for the rotor. The rotor 
is turned by a rotating magnetic collar which is driven by a 
variable-speed motor. The collar fits snugly around the outer 
surface of the evaporator and contains 10 Alnico magnets identi­
cal with and placed in juxtaposition to those of the magnet 
chamber.

L E D I T I O N 469

The condenser, E. is a 14 X 600 mm. tube, the lower end of 
which is fused to the female part of joint B. The condenser 
and rotor are in position for operation when male and female 
joints B  are brought together. The condenser is equipped 
with inlet and outlet tubes for either air or liquid cooling. 
The fraction cutter, F, has a delivery tube with a check valve 
extending through the ground joint ( ' f  24/40) into the receiv­
ing flask (not shown). The check valve is a glass bead ground 
to fit the opening of the delivery tube. A glass rod attached to 
the bead forms a hook and eye hinge with a rod fused to the de­
livery tube directly above, so that the bead rests lightly against the 
opening. The receiver is evacuated through a stopcock, G. With 
the distilling chamber evacuated, readmittance of air through G 
causes the bead to press firmly into position. An adhering drop 
of distillate serves as lubricant and seal for the check valve. 
When the distillate is to be small in quantity or solid in nature, 
the bead is removed from the hook, and cock G is replaced by a 
glass stopper.

The lower reservoir has a capacity of 160 cc.; the upper, 
500 cc. Between the reservoirs is the magnetic pump which is 
shown diagrammatically in Figure 3. The pump has a glass 
plunger, II, which is ground to fit its cylinder, and two check 
valves, I  and / ' ,  which are glass balls at the ends of small rods. 
Within the plunger, sealed under vacuum, is a steel cylinder, 
L, which weighs 14 grams, to make possible its magnetic opera­
tion. A stopcock, J , serves for the introduction of the distilland 
into and its removal from the still. For the introduction of the 
distilland a capillary extension is attached through the ground 
joint ( f  10/30). During the distillation this is replaced by a cap. 
In removing the distilland, the pump is drained by inserting the 
glass rod, K , through the cock, ./, thus dislodging valve I  and 
pushing the plunger upward finally to dislodge valve

The pump is operated by an electromagnet which consists of a 
core of soft iron 20 X 20 X 400 mm. and several hundred turns 
of No. 16 magnet wire. The current is furnished by a 6-volt 
storage battery. A circuit breaker to provide intermittent cur-
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rent is driven by the same variable-speed motor which drives 
the rotor.

The stopcocks and ground joints (“No lub” joints, manu­
factured by the Scientific Glass Apparatus Co., Bloomfield, 
N . J.) are sealed with a viscous stopcock grease. Leakage is 
negligible, since the gage shows a pressure of only 10 to 20 microns 
24 hours after turning off the pumps.

O peration o f  th e  S till
To carry out a distillation the cold trap is immersed in a 

dry ice-acetone mixture, the mechanical pump started, and the 
system evacuated to a pressure of 25 microns. The oil to be 
distilled is then drawn through the capillary into the lower 
reservoir, and is partly degassed during the entry. W ith cock 
M  closed, the pump is halted momentarily and sufficient air 
allowed into the system to force the oil into the upper reservoir. 
The vacuum is re-established, the rotor and magnetic pump are 
set in motion, and M  is opened. Degassing is usually complete 
within 1 to 4 hours, depending upon the nature and quantity of 
the oil charge. It is hastened if the distilling chamber is warmed. 
When degassed, the oil is held in the upper reservoir, the oil 
diffusion pump brought into action, and the distilling chamber 
heated to the desired temperature. When suitable temperature 
and pressure are established M  is opened sufficiently to give 
the desired rate of flow (usually 100 drops per minute) and the 
distillation allowed to proceed.

When the distillate is a liquid, and of considerable volume as 
in the distillation of fatty acids or glycerides, fractions are 
removed readily by the use of the fraction cutter. However, 
more often the distillate is a solid or semisolid or the amount of 
material is so small that it will not flow into the receiving flask. 
For the removal of a fraction in such cases, cocks M  and M ' are 
closed so as to keep the oil degassed, the pumps are turned off, 
and nitrogen is allowed to enter the system from a balloon. 
Joints B  are disengaged, the condenser is removed, and the 
distillate is washed quantitatively from the condenser with a 
suitable solvent such as acetone or benzene. About 10 minutes 
are required to remove a fraction in this manner and re-establish 
conditions for continuing the distillation.

A pplication  o f  th e  
M ethod

T he effectiveness of the  
still in  concentrating a 
substance from its dilute 
solution was shown in  the 
analytical distillation of 
tw o standard dyes (pur­
chased from D istillation  
Products, Inc., Rochester, 
N . Y .), celanthrene red 
and dibutyl aminoanthra- 
quinone, after the m ethod  
of H ickm an (3). T he  
diluent was a residue oil, 
corn oil from w hich the 
volatile  constituents had 
been removed b y  distilla­
tion a t 210° C.

In each case 1 mg. of dye 
was dissolved in 50 grains 
of the residue oil and dis­
tillation was allowed to pro­
ceed for 20 minutes, during 
which time the oil made 
one complete cycle through 
the still. The distillate was 
removed from the con­
denser with acetone and 
the quantity of dye de­
termined colorimetrically. 
Subsequent fractions were 
removed at progressively 
increasing temperatures un­
til the dye had distilled 
c o m p l e t e l y  f r o m  t h e  
oil.

K.....

" y

F i g u r e  3 . A l i^ G l a s s  S u b ­
f a c e d  M a g n e t i c  P u m p

H , p lunger; J , 7 ',  check valves; 
J , cock fo r in tro d u ctio n  of dis- 
tilla n d ; K % too l for releasing 
valves to  d ra in  p u m p ; L , iron  

cylinder

F i g u r e  4 . D i s t i l l a t i o n  C u r v e s  O b t a i n e d  w i t h  S t a n d a r d
D y e s

A , d ib u ty l am inoan th raq u in o n e , 20-m inute  cycle; D, c e lan th rene  red, 
20-m inu te  cycle; C , c e l a n th r e n e  re d ,  3 0 - m in u te  c y c le .  A rro w s  
ind ica te  te m p e ra tu re  of m axim a repo rted  b y  H ickm an  for th e  sam e dyes 

w ith  a  10-m inute cycle.

T he curves thus obtained (Figure 4) showed m axim a at 
110° and 155° C., respectively, for the tw o dyes, or 17° and 
16° lower, respectively, than those reported b y  H ickm an (3 ), 
who used a 10-m inute cycle. T he actual differences in dis- 
tilland tem peratures were probably even greater, since the 
authors’ values represent tem peratures w ithin the heating  
jacket. Under these conditions variable results were ob­
tained w ith a 10-m inute cycle, probably because of the low  
heat conductivity of the glass evaporator. I t  is evident, 
however, th at th e  authors’ lower distillation maxim a are 
attributable in  part to  the longer cycle and in  part to  the 
im proved spreading of the distilland over the evaporator 
surface.

In  the application of the still to practical problems of the 
laboratory its adaptability  has been further dem onstrated. 
I t  has been used successfully in  the concentration of anti­
oxidants (7), tocopherols (5), and other v itam ins and sterols 
from natural oils, in  analytical distillations, and in the dis­
tillation of higher fa tty  acids, natural fats and oils, and 
synthetic glycerides.
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Determination o f Nicotinic Acid
Modifications in the Microbiological Method

W . A . K R E I I L ,  F .  M . S T R O N G , AND C . A . E L V E IIJE M  

C o lle g e  o f  A g r i c u l tu r e ,  U n iv e r s i ty  o f  W is c o n s in ,  M a d is o n ,  W is .

T H E  Snell-W right microbiological assay for nicotinic 
acid (IS)  has provided a valuable m ethod for the deter­

m ination of the vitam in, which has been w idely em ployed  
in nutritional research. T he m ethod has been in use in this 
laboratory for over 2 years, and has been applied to  m any  
hundreds of sam ples. W hile th e results on the whole have 
been fairly satisfactory, a number of difficulties have been  
encountered. T his paper sets forth certain m odifications in 
the procedure which have led to  more consistent and uniform  
results, and describes the m ethod in detail as it  is now being  
carried out in this laboratory.

T he difficulties that have arisen in the use of the original 
Snell-W right m ethod have been associated in the main w ith  
the standard curve. W hen the assay is em ployed routinely  
over an extended period of tim e, it  has been the authors’ 
experience that the different standard curves vary consider­
ably, the growth of the bacteria som etim es being so poor that 
it is scarcely possible to arrive a t any results at all. E ven  
the better curves, such as curve 1, Figure 1, are decidedly  
rounded, and frequently are not linear to levels of nicotinic 
acid higher than 0.2 microgram. W hile results read from the 
higher parts of such curves m ay be reliable, the nonlinearity  
of the response raises the suspicion that substances other than  
nicotinic acid are lim iting th e  growth at the higher levels, 
and hence im plies the possibility of a lack of specificity of the  
assay.

A  minor trouble, which has caused m uch unnecessary labor 
in m any laboratories, has been the difficulty in securing satis­
factorily low blank values. H igh blanks have been caused 
chiefly by th e  presence of nicotinic acid in the casein and 
biotin concentrates formerly used, and m ay now be easily  
avoided.

T he discovery th a t fa tty  acids interfere w ith  the micro­
biological determ inations of riboflavin (IS)  and pantothenic 
acid (10) naturally raised a question regarding the possibility  
of similar interference in the determ ination of nicotinic acid. 
F ortunately Lactobacillus arabinosus, when grown on the 
nicotinic acid basal m edium, seem s to be insensitive to  
fa tty  acids.

E xperim ental
C o m p o s i t i o n  o f  t h e  B a s a l  M e d i u m .  Increasing the 

glucose and sodium  acetate in the Snell-W right basal medium

to 2 per cent of each resulted in a definite im provem ent in  the 
bacterial response to nicotinic acid (Figure 1). Two per 
cent glucose alone, however, had no effect (curve 1, Figure 2). 
K line (7) has reported that increasing the cystine content of 
the basal from 0.01 to 0.02 per cent brings about a straight- 
line response over a wider range, and results in higher acid  
production. In  the authors’ hands the higher am ount of 
cystine has also proved slightly beneficial (Figure 2).

Isbell (5) reported that p-am inobenzoic acid m ust be added  
to  the medium, when the casein hydrolyzates have been  
heavily treated with charcoal, in order to obtain satisfactory  
growth. T he authors have not been able to  observe such  
an effect, no doubt because of a contam ination of som e of 
their reagents w ith this factor, but have considered it advisa­
ble to  include p-aminobenzoic acid in the modified basal 
medium.

T he com position of the medium finally adopted is shown in 
Table I. Aside from the exceptions noted above and the 
use of 0.2 instead of 0.4 part per billion of biotin, th e  com­
position is the sam e as that recommended by  Snell and 
W right. T his modified medium is referred to in the re­
mainder of th is paper as the basal medium.

MICROGRAMS NICOTINIC ACID

F i g u r e  1 . R e s p o n s e  t o  P u r e  N i c o t i n i c  A c id  (7 2  
H o eras’ I n c u b a t i o n )

1. Snell-W right m edium
2. Snell-W right m edium  modified to  con ta in  2 p e r cen t glucose

an d  2 per cen t sodium  ace ta te

471



472 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. 15, No. 7

T a b l e  I .  B a s a l  M e d iu m  f o r  N i c o t in i c  A c id  A s s a y

A cid-hydrolyzed casein
/(-) T ry p to p h an
ijr) C ystine
Glucose, anhydrous
Sodium  ace ta te , anhydrous
C alcium  p an to th e n a te
T hiam ine  chloride
Pyridoxinc
R iboflavin
B io tin
?>-Aminobenzoic acid
Adenine
G uanine
Uracil
Inorganic  sa lts  so lution A 
Inorganic  sa lts  so lution B

P r e p a r a t i o n  o f  S t o c k  S o l u t i o n s .  The stock solutions 
described below are stored in the dark in the presence of chloro­
form and toluene, and preferably in the refrigerator. The tol­
uene is added until a thin layer is visible over the surface of the 
solution, and the quantity of chloroform used is such that a few 
drops are visible at the bottom of the flask.

Acid-Hydrolyzed Casein. One hundred grams of “vitamin- 
free” casein— e. g., Labco—are twice extracted by stirring 15 
minutes at room temperature with 2 to 3 volumes of 95 per cent 
ethanol and filtering. The casein is then gently refluxed over a 
low flame with 300 cc. of concentrated hydrochloric acid for 16 
to 20 hours. The casein hydrolyzate is concentrated to a paste 
in vacuo from a 70° to 80° C. water bath, 200 cc. of water are 
added, and the concentration is repeated. The residue is dis­
solved in about 700 cc. of water, adjusted to pH 4.0 (yellow-green 
to bromocresol green, outside indicator) with saturated sodium 
hydroxide solution, 20 grams of an activated charcoal (Norite A 
or Darco G-60) are added, and the mixture is stirred for 1 hour at 
room temperature. The charcoal is removed by gravity filtra­
tion, the pH adjusted to 6.6 to 6.8 (bromothymol blue, outside 
indicator), and the filtrate diluted with distilled water to 1000 
cc. Each cubic centimeter therefore is equivalent to 100 mg. of 
the original casein. The final solution should be no darker than 
a pale straw color. Any sediment occurring in the casein hy­
drolyzate on standing may in general be eliminated by auto- 
claving for 1 hour at 10,500 kg. per square meter (15 pounds per 
square inch) pressure.

l-Cystine Solution. Four grams of ¿-cystine are suspended in 
500 cc. of hot water and the smallest amount of concentrated 
hydrochloric acid needed to effect solution is added dropwise with 
stirring. The solution is then diluted to 1000 cc., so that each 
cubic centimeter contains 4 mg. of Z-cystine.

l(-)Tryptophan. Two grams of Z(-)tryptophan are dissolved 
in about 700 cc. of warm water, with the aid of a few drops of 
concentrated hydrochloric acid. The solution is diluted to 1000 
cc. so that each cubic centimeter contains 2 mg. of ¿(-)trypto- 
phan.

Anhydrous c. p . glucose and sodium acetate are weighed out as 
needed.

Biotin. The contents of an ampoule containing 25 micro­
grams of biotin as the free acid are diluted to 250 cc., so that 
each cubic centimeter contains 0.1 microgram of biotin. One 
cubic centimeter of inorganic salt solution A is added as the solu­
tion is being diluted to volume.

When biotin methyl ester is used, the contents of a 25-micro­
gram ampoule are added to 50 cc. -of 0.1 N  hydrochloric acid and 
autoclaved for 1 hour at 15 pounds per square inch pressure. One 
cubic centimeter of inorganic salts solution A is added, the pH 
is adjusted to 6.6 to 6.8, and the volume is made to 236 cc. Each 
cubic centimeter, therefore, provides 0.1 microgram of biotin, 
since 25 micrograms of biotin methyl ester theoretically yield
23.6 micrograms of the free acid on hydrolysis. The use of 0.1 N  
hydrochloric acid is specified above because it was found in this 
laboratory that autoclaving a neutral aqueous solution of biotin 
methyl ester for 15 minutes at 15 pounds’ pressure did not bring 
about complete hydrolysis.

p-Aminobenzoic Acid. One hundred milligrams of p-amino- 
benzoic acid are dissolved in about 500 cc. of distilled water and 
diluted to 1000 cc., so that each cubic centimeter contains 100 
micrograms of p-aminobenzoic acid.

Nicotinic Acid Solutions. One gram of pure nicotinic acid is 
dissolved in about 700 cc. of warm distilled water and diluted to 
exactly 1000 ce. This stock solution should be made up fresh at 
least every 2 months as a precaution against possible change in 
potency. Exactly 10 cc. of the above solution are diluted to 1000 
cc. to give a 10 microgram per cc. solution of nicotinic acid.

This solution is made up fresh each time that the standard (see 
below) is prepared.

Ten cubic centimeters of the 10 microgram per cc. solution are 
diluted to 1000 cc. to make the standard solution containing 0.1 
microgram of nicotinic acid per cc. This standard is freshly pre­
pared each week.

Commercial c. p. nicotinic acid has been used as received for 
the primary standard throughout this investigation. A sample 
taken from a half-used, 115-gram (quarter-pound) bottle was 
examined for moisture by heating over phosphorus pentoxide 
at 100° C. and 0.08-mm. pressure for 5 hours. The loss in weight 
amounted to 0.91 per cent.

Thiamine Chloride, Calcium Pantothenate, and Pyridoxine 
Solution. A stock solution is prepared in distilled water, and is 
so diluted as to contain 100 micrograms of each of these vitamins 
per cc.

The following solutions are made up according to the directions 
given by Snell and Wright (13): riboflavin solution; adenine, 
guanine, uracil solution; inorganic salts solution A; and inor­
ganic salts solution B.

S t o c k  C u l t u r e s  a n d  I n o c u l u m .  Stock cultures are carried 
as stabs in an agar medium made up as outlined by Snell and 
Wright, except that the medium is modified to contain 0.5 per 
cent dextrose and 0.5 per cent sodium acetate. These cultures 
are transferred at weekly intervals and at each weekly transfer
3 to 4 extra stab cultures are prepared. Each culture is incubated 
24 to 32 hours at 37° O. and then held in the refrigerator until 
needed.

To grow inoculum for the assay tubes a transfer is made from 
one of the above stab cultures into a tube containing 10 cc. of the 
basal medium plus 1 microgram of nicotinic acid. This liquid 
culture is incubated for 24 hours at 37° C. and the cell suspension 
so obtained is used for inoculation, either as it is or after diluting 
with an equal volume of 0.9 per cent saline. This procedure 
eliminates centrifugation and resuspension of the cells.

MICROGRAMS NICOTINIC ACID

F i g u r e  2. R e s p o n s e  t o  P u r e  N i c o t i n i c  A c id  (72 
H o u r s ’ I n c u b a t i o n )

1. S ne ll-W righ t m edium  m odified to  con ta in  2 p e r  c en t glucose
2. S ne ll-W righ t m edium  m odified to  con ta in  0.02 p e r c en t cystine

Inoculum so prepared is not used for growing further inocula 
by serial transfers in the liquid medium. On the contrary, one 
should return to a stab culture each time inoculum is to be pre­
pared. One such stab may be used several times if proper pre­
cautions are taken to exclude contamination with other organ­
isms.

P r e p a r a t i o n  o f  S a m p l e s .  Dry materials are finely ground, 
and fresh materials are mechanically homogenized in water—  
e. g., with a Waring Blendor or Potter-Elvehjem homogenizer
(11). One gram of material is suspended in 50 cc. of N  hydro­
chloric or sulfuric acid, and the suspension is autoclaved 20 min­
utes at 15 pounds per square inch pressure. The cooled mixture 
is adjusted to pH 6.6 to 6.8 with N  sodium hydroxide, and di­
luted to such a volume that each cubic centimeter contains ap­
proximately 0.05 microgram of nicotinic acid. Filtration is un­
necessary, but does no harm. Water-soluble materials are 
dissolved in the acid, autoclaved, neutralized, and diluted as 
above.

P r o c e d u r e .  T o  p re p a re  m e d iu m  su ffic ie n t fo r  100 tu b e s , 
th e  fo llow ing  q u a n ti t ie s  o f  th e  a b o v e  s to c k  so lu t io n s  a n d  
re a g e n ts  a re  re q u ire d :
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A cid-hydrolyzed casein so lu tion  50 cc.
i-C ystine  so lu tion  50 cc.
i(-) T ry p to p h a n  so lu tion  50 cc.
A nhydrous glucose 20 gram s
A nhydrous sodium  a ce ta te  20 gram s
B io tin  so lu tion  2 cc.
p-A m inobenzoic acid  so lu tion  1 cc.
T h iam ine, calcium  p a n to th e n a te ,

py ridox ine  so lu tion  1 cc.
R iboflavin  so lu tion  2 cc.
A denine, guanine, u racil solu tion  10 cc.
Inorgan ic  sa lts, so lu tion  A 5 cc.
In o rgan ic  sa lts , so lu tion  B 5 cc.

These materials are mixed, adjusted to pH 6.G to 6.8, and di­
luted with distilled water to 500 cc. Five cubic centimeters of 
this solution, which is exactly double the concentration of the 
basal medium, are measured into each tube. Twenty tubes are 
reserved for blanks and for the standard curve. To these are 
added 0.0, 0.0, 0.5, 0.5, 1.0, 1.0, 1.5, 1.5, 2.0, 2.0, 2.5, 2.5, 3.0, 3.0, 
3.5, 3.5, 4.0, 4.0, 5.0, and 5.0 cc., respectively, of the standard 
nicotinic acid solution (0.1 microgram per cc.).

MICROGRAMS NICOTINIC ACID

F i g u r e  3 . R e s p o n s e  t o  P u r e  N i c o t in i c  A c id  o n  
P r e s e n t  B a s a l  M e d iu m

1. 24-hour incubation
2. 72-hour incubation

The remaining tubes are used for the assay of the test samples. 
For each sample 8 tubes are used, and to them are added, respec­
tively, 1.0, 1.0. 2.0, 2.0, 3.0, 3.0, 4.0, and 4.0 cc. of the solution 
prepared as described above. The volume of liquid in each tube 
is then brought to 10 cc. by the addition of distilled water, the 
tubes are plugged, autoclaved at 15 pounds per square inch 
pressure for 15 minutes, cooled to room temperature, and inocu­
lated with 1 drop of inoculum. After 72 hours’ incubation at 
37° ( ± 1 ° )  C. the contents of each tube are titrated according 
to the directions given by Snell and Wright (IS).

C a l c u l a t i o n  o f  R e s u l t s .  In evaluating the results of 
an assay, the agreement between the titration values of 
duplicate tubes is first noted. These ordinarily do not 
differ b y  more than 0.2 to 0.3 cc. of 0.1 N  alkali, and any  
tubes which do differ by  0.5 cc. or more are discarded. Such 
variations probably are attributable either to bacterial 
contam ination or to errors in measuring out the liquids added 
to  the tubes. If the duplicate tubes agree satisfactorily, 
the titration values are averaged and used as one value in 
subsequent calculations.

T he standard curve is p lotted in the usual manner— e. g., 
curve 2, Figure 3— and from it  the nicotinic acid content of 
each assay tube is determ ined. Tubes which contain less 
than 0.04 or more than 0.30 microgram of nicotinic acid  
are rejected as being outside the useful assay range. T he  
nicotinic acid contents of tubes falling in this range are then  
converted to micrograms of nicotinic acid per cubic centimeter 
of test solution, and the agreement at different levels is

noted. T he final nicotinic acid content of the sam ple is 
calculated from the average of a t least three such values, 
none of which deviates more than ± 1 0  per cent from the 
average.

An alternative procedure for setting up sam ples and 
calculating results has been used in this laboratory, in case 
a great m any routine assays are being done b y  an experienced 
analyst. In  th is procedure five tubes are used for each 
sample, and to them  are added 1.0, 2.0, 3.0, 4.0, and 5.0 cc., 
respectively, of th e  test solution. T he results from a t least 
three of these tubes m ust fall in the assay range, and m ust 
agree to  w ithin ± 1 0  per cent to  permit calculation of a 
reliable value for the nicotinic acid content of the sample. 
The results from tubes which do not satisfy  the above re­
quirements are rejected.

T im e  o f  I n c u b a t i o n .  I n  practically all this work the  
tubes have been incubated 72 hours and th is period is recom­
mended for general use. H ow ever, it  is possible to  secure 
usable results in shorter periods, even after as short a period 
as 24 hours’ incubation. A  standard curve obtained in this 
w ay is shown in  Figure 3. I t  will be noted th a t th is curve 
is very similar to th at obtained in 72 hours by  the original 
Snell-AVright m ethod (Figure 1), but is more nearly linear. 
Comparative results obtained after 24 and 72 hours’ incuba­
tion are shown in Table I I .

E f f e c t  o f  C o r n s t a r c h  a n d  F a t t y  A c id s  o n  L. arabinosus. 
F ive grams of commercial cornstarch and 50 cc. o f 0.1 N  
hydrochloric acid w'ere mixed and autoclaved for 20 m inutes 
at 15 pounds per square inch pressure. T he m ixture was 
adjusted to pH  6.6 to 6.8 and diluted to 100 cc. T w o other 
similar preparations were also m ade in  which water and  
0.1 N  sodium hydroxide, respectively, were substituted for 
the hydrochloric acid. Each solution was assayed for nico­
tinic acid by the original Snell-W right m ethod, both directly  
and after the addition of nicotinic acid equivalent to  5 micro­
grams per gram of the original starch. T he results are shown 
in Table III.

Samples of oleic, linoleic, stearic, and palm itic acids were 
also tested  for their effect on the nicotinic acid assay. These  
samples were the sam e as those used b y  Strong and Carpenter 
(15) and were tested  at the levels found b y  them  to  have the

T a b l e  I I .  C o m p a r i s o n  o f  7 2 -H o u r  a n d  2 4 -H o u r  A s s a y
R e s u l t s

Sam ples 24-H our A ssay 72-H our Assay
Micrograms per gram

D e fa tte d  corn germ 4 6 .4 ,4 5 .7 4 4 .0 , 4 5 .5
R aw  corn germ 3 4 .8 ,3 5 .1 3 1 .8 ,3 0 .0
Rice K rispies 108,107 100,104
Corn flakes 1 9 .2 ,1 9 .5 1 8 .4 ,1 7 .0
Solubilized liver ex trac t 102,101 9 8 .0 ,9 4 .0
W heat m iddlings 108, 103 1 0 4 ,9 9 .3
Alfalfa meal 4 0 .8 ,3 9 .0 4 3 .2 ,3 8 .0
Skim  m ilk pow der 1 0 .2 ,9 .7 0 8 .2 0 ,8 .2 0
D ried  yellow sp lit peas 3 1 .8 , 3 2 .7 3 1 .8 , 3 3 .0
R ice polishings 880, 900 864, 850
C anned green beans 4 .7 0 ,4 .7 0 4 .5 0 ,4 .6 0

T a b l e  I I I . R e c o v e r y  o f  N i c o t in i c  A c id  A d d e d  t o  
C o r n s t a r c h 0

A utoclaved N icotin ic  A cid Recovered*» a f te r  A utoclav ing  S tarch
Suspension .  Suspended  in :
per T u b e  W ater 0.1 N  HC1 0.1 N  N aO H

Cc. %  %  %
1 92 107 102
2 102 102 109
3 109 105 105
4 102 102 107
5 98 102 101

a S ta rch  con tained  0.4 ¡¿g. of nicotin ic acid  p e r g ra in  and  5 /¿g. p e r gram  
was added a f te r  au toclaving .

b C orrected  for nicotin ic acid c o n te n t of o riginal s tarch .
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T a b l e  IV. E f f e c t  o f  F a t t y  A c id s  o n  R e c o v e r y  o f  K n o w n  
A m o u n t s  o f  N i c o t i n i c  A c id

S ubstances A dded per Tubc^ R atio  of N icotinic
F a t ty Acid N icotinic F a tty  Acid to Acid

K ind A m ount Acid N icotinic Acid Recovered
M  icrograms M  tcroQravis %

Oleic 4S 0 .0 5 960 100
06 0 .1 0 960 100

144 0 .1 5 960 100
192 0 .2 0 960 96

24 0 .0 5 4S0 110
4S 0 .1 0 4 SO 100
72 0 .1 5 4S0 95
96 0 .2 0 4S0 92

Linoleic 40 0 .0 5 800 125
SO 0 .1 0 800 117

120 0 .1 5 800 115
160 0 .2 0 800 105

20 0 .0 5 400 125
40 0 .1 0 400 122
60 0 .1 5 400 107
SO 0 .2 0 400 SO

Stearic 20 0 .0 5 400 100
40 0 .1 0 400 100
60 0 .1 5 400 114
SO 0 .2 0 400 10S

100 0 .2 5 400 106

P alm itic 13 0 .0 5 260 120
26 0 .1 0 260 110
39 0 .1 5 260 10S
52 0 .2 0 260 111
65 0 .2 5 260 106

greatest influence on the riboflavin assay. T h e m ethod of 
testing also was th e  sam e as that previously used. The 
results are presented in T able IV .

D iscu ssion

T he decision to em ploy a strong acid to  effect extraction of 
the sam ple has been based m ainly on tw o considerations. 
First, th e  dem onstrated existence of combined forms of nico­
tinic acid which are not measured by  L. arabinosus (1, 4, S) 
makes som e kind of a hydrolytic procedure im perative if 
total nicotinic acid is to  be determ ined. Secondly, sodium  
hydroxide has proved undesirable for general use on account 
of soap form ation w ith liigh-fat sam ples. T he data in 
Tables III  and IV  indicate th at little  interference is to  be 
expected from fa tty  acids in  th e sam ple, w ith  the possible 
exception of linoleic acid. M aterials high in th is acid should  
probably be extracted w ith ether before assay.

If crystalline biotin preparations are used, the casein 
hydrolyzate will be the only im portant factor contributing to  
high blanks. R em oval of nicotinic acid from the casein  
m ust be made as com plete as possible before hydrolysis. 
F ifty  per cent alcohol and 0.1 N  hydrochloric acid have been 
suggested for extraction of the casein, but appear to  have 
little  if any advantage over 95 per cent alcohol. I t  is very  
im portant th at the hydrolyzate be treated w ith an active  
charcoal. In  the authors’ hands Darco G-60 has given the  
best results.

I t  is their experience th at inocula grown by  repeated trans­
fer in the Snell-W right basal m edium  are less satisfactory  
than cells taken directly from the stab culture. T his un­
doubtedly is attributable to  deficiencies in  that m edium. 
W hether or not the present basal would be more successful 
in  tliis regard has not been investigated, since the recom­
m ended procedure uniformly produces a very active inoculum.

T he basal m edium  recommended in th is paper is the result 
of extensive trials m ade w ith m any different com binations of 
ingredients. A dditional substances which were tested  but 
appeared not to be beneficial include a folic acid preparation, 
asparagine, glutam ine, amm onium sulfate, amm onium phos­
phate, glycine, serine, threonine, isoleucine, and various

com binations of these materials. A  few runs were m ade in 
which pyridoxine, thiam ine, and riboflavin were om itted  
from the medium. In  agreem ent w ith previous observa­
tions (2, 12) satisfactory results were obtained, and it m ay  
well be th at these ingredients are superfluous. H owever, the 
authors do not feel justified at the present tim e in recom­
m ending that they be left out. T he beneficial effcct of the 
increased concentration of sodium acetate is in line w ith  
similar observations by  Stokes and M artin on Lactobacillus 
casei (14 ).

The main advantages of the modified procedure are the 
enhanced response of the bacteria to  pure nicotinic acid, 
the linearity of the response, and the greater reliability and 
reproducibility of the assay results. T he bacterial response 
m ay be expressed b y  the average additional acid production  
elicited by  each increm ent of nicotinic acid. T his am ounts 
to 1.40 cc. per 0.05 microgram of nicotinic acid over the  
range 0.04 to 0.30 microgram for the standard curve given  
in Figure 3, curve 2. T he analogous figure calculated for the  
sam e range from the result on the original m edium  (curve 1, 
F igu ie 1) is only 0.S6 cc.

Perfectly straight-line standard curves extending to a 
titration of 10 cc. or over are regularly obtained. T he am ount 
of nicotinic acid required to  reach the highest point in the lin­
ear portion of the curve varies from 0.3 to 0.4 microgram. 
I t  is for th is reason th at the assay range has been given as
0.04 to 0.3 microgram. T he range could no doubt be safely  
extended to  0.4 microgram in those assays where the linear 
portion of the curve reaches this level of nicotinic acid.

R esults show excellent agreem ent a t different levels of 
sample, and are frequently w ithin =*= 5 per cent over the entire 
assay range. T he m ethod as here described has been applied 
routinely to  over 500 food sam ples in this laboratory (<?), 
and has been found entirely satisfactory.

T a b l e  V. E f f e c t  o f  O x i d i z i n g  A g e n t s  o n  M i c r o b i o l o g i c a l  
A s s a y  o f  N i c o t i n i c  A c i d  i n  W h e a t

P relim inary N icotin ic Acid F ound
M ate ria l T rea tm e n t B row n P resen t
A ssayed of Extract® cl al. (S) au th o rs  

H0./g.
W hole w heat flour N one 4 3 .8 4 0 .0

( c o l l a b o r a t i v e H s0 2, HC1 2 4 .7 5 4 2 .4
sam ple) b H*02f L loyd 's  reag en t 23 .75

H jOj, N aO H 48 47! 5
K M nO i* 3 6 .8

W heat b ra n , 1 N one 140* ’
H jOj, HC1 138

W heat b ra n , 2 N one 188**
H 2Oj, HC1 172
NaOH,<*
N aO H , th e n  H 2O1,

288

HC1 292
° E x tra c ts  w ere p rep ared  and  tre a te d  w ith  Superoxol in acid or alkaline  

so lu tion  exactly  according  to  d irections of B row n et al. (3). E x t ra c t  of 
w h eat b ra n  2 was m ade b y  boiling for 1 h ou r w ith  100 p a r ts  of 0.1 N  HC1.

& O btained  from  Jo h n  A ndrew s— sam e sam ple as th a t  used b y  B row n et al. 
(S).

c H eated  10 m inu tes a t  100° w ith  excess N  K M nO i, th e n  decolorized w ith 
hydrogen peroxide.

d T o  20 cc. of 0.1 N  HC1 e x tra c t w ere added  3 cc. of 15 per c en t N aO II, 
m ixture  was allowed to  s tan d  10 m inu tes a t  room  te m p e ra tu re  and  n e u tra l­
ized. T his tre a tm e n t hydrolyzes a lkali-sensitive  p recu rso r of n ico tin ic  acid 
which is p resen t in  w heat (1), an d  is ex trac ted  b u t  n o t hydro lyzed  by  0.1 N  
HC1 a t  100° (5).

A serious criticism has recently been leveled a t  the micro­
biological m ethod for the determ ination of nicotinic acid by  
Brown, Thom as, and B ina (3), who have reported th at much  
lower values were found in  various w heat fractions after 
oxidation w ith hydrogen peroxide. T he authors have re­
peated their work on whole w heat flour, and are unable to 
corroborate their findings. A  sum m ary of the results is 
given in  T able V . I t  is apparent th at in the authors’ hands 
no variations greater than th e experim ental error of the 
m ethod were found after oxidation.
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T he figure of about 40 micrograms per gram for the whole 
w heat sam ple seem s to be the correct nicotinic acid content 
as determ ined on the extract prepared according to Brown 
et al. There is little doubt th at this is much lower than the 
true value, which is about 64 micrograms per gram (3), and 
that the discrepancy is attributable to incom plete extraction. 
A similar difference is evident in the case of wheat bran, and 
is again probably due to  the m ethod of extraction used.

T he value of 34 micrograms per gram for th e nicotinic 
acid content of w heat germ (S, 16) is probably too low. 
A ssay of a  more extended series of w heat germ sam ples in 
this laboratory has shown that the germ contains approxi­
m ately the sam e am ount of nicotinic acid as does whole 
wheat.

Sum m ary
M odifications in  the basal medium proposed by Snell and 

W right (18) for th e microbiological determ ination of nicotinic 
acid have been described, as well as a  different procedure for 
growing the necessary inoculum. T hese variations have 
resulted in nearly doubling the response of the bacteria to  
quantities of nicotinic acid in the range 0.04 to  0.3 microgram, 
and have produced a linear standard curve.

T he assay as carried ou t a t present is characterized by  a 
m uch higher degree of consistency and uniform ity than 
were usually obtained w ith the m ethod as originally published.

L iterature C ited
(1) Andrews, J . S . , Boyd, H . M ., and G ortner, W . A., I n d .  E n g -

C hem ., A n a l .  E d., 14, 40 (1941).
(2) Bohonos, N ., H utchings, B. L .t and Peterson, W . H ., J. B a d ., 41,

40(1941).
(3) Brown, E . B., Thom as, J . M ., and Bina, A. F ., Cereal Chem., 20,

201 (1943).
(4) Greene, R . D ., Blank, Archie, and Howland, F . O., I n d .  E n g .

Chem ., A n a l .  E d., 15, 77 (19431.
(5) Isbell, H „  J. Biol. Chem., 144, 567 (1942).
(6) Ives, M., E lvehjem , C. A., and Strong, F . M ., unpublished work.
(7) Kline, O. A., personal comm unication.
(8) Krehl, \V. A., and Strong, F . M ., unpublished work.
(91 M elnick, D ., Cereal Chem., 19, 553, (1942).

(10) Neal, A. L., and Strong, F . M ., in press.
(11) Po tter, V. R., and E lvehjem , C. A., J. Biol. Chem., 114, 495

(1930).
(12) Snell, E. E ., and Strong, F . M., Enzymologia, 6, 1S6 (1939).
(13) Snell, E. E „  and W right, L. D „ J .  Biol. Chem., 139, 675 (1941).
(14) Stokes, J . L., and M artin , B. B., Ibid., 147, 483 (1943).
(15) Strong, F . M ., and C arpenter, L. E ., I n d .  E n g . Chem., A n a l .

E d., 14,909(1942).
(16) Teply, L. J., Strong, F . M., and E lvehjem , C. A., J. N utrition ,

24,167 (1942).

P r e s e n t e d  before th e  D ivision of A gricu ltu ral and  Food  C hem istry , Jo in t 
P rogram  on V itam ins, a t  th e  105th M eeting  of th e  A m e r i c a n  C h e m i c a l  
S o c i e t v ,  D etro it, M ich. P ub lished  w ith  th e  ap p ro v a l of th e  D irec to r of the  
W isconsin A gricu ltu ral E x p e rim en t S ta tio n . S upported  by  a  g ra n t from  
G eneral M ills, Inco rpo rated , M inneapolis.

A Spot Plate for Drop Tests

AT

P H I L I P  W . W E S T

C o a te s  C h e m ic a l  L a b o r a to r y  
L o u is ia n a  S t a t e  U n iv e r s i ty ,  B a to n  R o u g e , L a .

T  P R E S E N T  tw o com m on types of spot p lates are in 
use. W hen a soluble colored reaction product is an tici­

pated, a w hite spot plate is used. I f  the reaction product 
anticipated is a  precipitate (other than black, blue, or dark 
red), a black spot p late is ordinarily selected. During inves­
tigations of various drop reactions it  becam e apparent that a 
com bination black and w hite spot plate would be of advan­
tage, and a plate of th e  design shown in Figure 1 was ordered. 
Such a p late is obtained b y  placing a black glaze on half o f an 
ordinary three-depression w hite spot plate. T he line of de- 
m arkation between the black and the w hite should run ex­
actly  through the centers of the three depressions.

T he plate as shown is adaptable for either colored solutions 
or precipitates. Its  great advantage lies in the hands of the 
experienced analyst to whom  each interm ediate precipitate 
and color is significant, regardless of the form of the final test 
product. B y  observing interm ediate colors or precipitates 
possible interferences due to complex ion formation, com peti­
tive  reactions, etc., can be anticipated ( / ) .  A  further use is 
suggested by  the work of W est and H outm an (2 ), who propose 
a test for orthophosphate which depends on the formation of 
a yellow  precipitate, best seen over a black surface, which is 
differentiated from interfering precipitates by converting it  
to a blue com pound w hich should be observed over a w hite

surface. T he combination  
spot plate has proved in­
valuable, both in research 
and in the routine applica­
tion of drop reactions.

Spot plates of this de­
sign can be obtained after 
the war from the Fisher 
Scientific Com pany, P itts­
burgh, Penna.
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T he to p  depression  con ta ins a  clear 
colorless so lu tion , th e  cen ter a  blue 
colored com pound, and  th e  lower 
a  yellow  p rec ip ita te . T h e  a d v a n ­
tag e  of th e  c -m bination  p la te  is 
best observed b y  a lte rn a te ly  c -ver- 
ing  th e  w hite  and  black  halves.

I P

F i g u r e  1 . C o m b i n a t i o n  
B l a c k  a n d  W h i t e  S p o t  

P l a t e



Anhydrous Copper Sulfate in  the Kjeldahl Nitrogen  
D eterm ination

C R O O M  B E A T T Y  I I I  

O b e r l in  C o lle g e , O b e r l in ,  O h io

T H E  A ssociation of Official Agricultural Chem ists (1) 
recom m ends the use of crystallized copper sulfate (penta- 

hydrate) in the official K jeldahl-Gunning-Arnold m ethod for 
the determ ination of organic nitrogen. Bradstreet (2 ) in a 
survey of the K jeldahl m ethod of analysis m entions the use of 
copper sulfate as a  catalyst for the K jeldahl digestion, but in 
every case th is is the copper sulfate pentahydrate. N iederl 
and N iederl (3) recomm end, for the micro-K jeldalil technique, 
the use of 1 part of potassium  sulfate, 3 parts of copper sul­
fate pentahydrate, and a small am ount of selenium .

T his latter procedure, som ewhat modified for semimicro­
quantities, w as used for routine determ inations of nitrogen in 
organic com pounds. I t  was found, however, that if the  
copper sulfate pentahydrate were replaced by  anhydrous 
copper sulfate several advantages were apparent. The  
anhydrous copper sulfate did n ot dissolve com pletely in the 
sulfuric acid (unlike the pentahydrate) and the fine crystals 
served as “boiling stones” , allowing a m uch more rapid and 
sm ooth digestion, free from all bum ping. T he size of the

flame used was of less im portance, since there was no tendency  
to bump.

Copper sulfate as a catalyst is likewise useful in the distilla­
tion of the am m onia as an internal indicator, since the blue 
color disappears when the solution is m ade basic, while black  
cupric oxide is formed.

The sem im icrom ethod of analysis used calls for a sam ple 
size of 20 to 35 m g., to w hich are added 8 m l. of concentrated  
sulfuric acid, 2 grains o f copper su lfate-potassium  sulfate m ix­
ture and about 20 m g. of powdered selenium . T he m ixture 
is digested for 15 to 25 m inutes. A  finely ground m ixture of 
1 part o f anhydrous copper sulfate and 2 parts of potassium  
sulfate, w ith a sm all am ount of selenium  is used as catalyst 
in the sem im icro-K jeldahl analyses run in this laboratory.
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Recom m ended Specifications for M icrochem ical Apparatus

Correction in the Design of the 
Dumas Nitrogen Stopcock

I T  HAS been called to our attention that the design of the 
stopcock published in our previous report [In d . E n g . C hem ., 

A n a l .  E d ., 13, 5S0 (1941)] is incorrect, in that it reduces the 
safe zone of possible leakage from one fourth of the circumfer­
ence to one eighth or less. To overcome this, we suggest that the 
stopcock be designed as shown in Figure 2 instead of the previous 
incorrect procedure shown in Figure 1.

In the incorrect view, the groove on the lower end opening of 
the straight bore is directed toward the opening of the bent out­

let bore. In the correct form, Figure 2, the direction of the 
groove on the lower end of the straight bore must be away from 
the opening of the bent bore, so that a safe zone of at least one 
fourth of the circumference of the stopcock plug remains. The 
groove of the bent bore may remain as specified.

G. L. R o y e r ,  Chairman
H .  K. A l b e k
L. T. H a l l e t t
J. A. K u c k ,  Secretary

4 7 6
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HEATING OVEN

E. H. SARGENT & COMPANY
155-165 East Superior S treet, Chicago, Illinois

M ichigan Division: 1959 East Jefferson, D etro it, Michigan

A lthough principally designed to provide an inexpensive unit 
for quick and convenient drying of electrodes in  connection w ith  
the determ ination of lead as lead dioxide, this infra red drying 
oven has a w ide variety of other applications. For example, it is 
excellently suited for such operations as evaporating, drying p re­
cipitates, paraffin m elting, drying solids, etc. D rying  efficiency is 
well illustrated by the fact that lead dioxide is thoroughly dried 
in one to two minutes.

The oven consists of a cylindrical case containing a General 
Electric R-40, 250 w att drying lam p w ith  self reflector, a hinged, 
chrom ium  plated, hem ispherical dome, a chrom ium  plated perfor­
ated shelf and an on-off switch m ounted on the case. The reflector 
contained w ith in  the drying lam p reflects the radiant heat upw ard 
thus directing all energy to the w orking area of the oven. Further 
concentration of heat is accomplished by the chromium  plated 
dome which acts as a highly effective heat reflector so reducing to 
a m inim um  heat loss by radiation. By means of this design a m axi­
mum tem perature of approxim ately 500° F is developed w ithin  
ten minutes. T he fast upw ard flow of air provided by the open 
bottom  and vent hole in dome also contributes greatly to the h igh  
drying rate of this oven.

The filament of the drying lam p develops a large com ponent of 
radiant energy in  the near infra red spectral region a t wavelengths 
having high penetration. The average service life of these lamps 
is 5000 hours.

Overall dimensions: height, 13’/ i  inches; diameter, 6V2 inches. 
Inside dimensions: height from  top of perforated shelf to top of 
dome, 5lA  inches; diameter, 57/ s  inches. Electrodes having a total 
height exceeding 5lA  inches can be placed in the oven by perm it­
ting  the electrode stems to project out of the vent hole in the dome.

S-64050 S arg e n t In f ra  R ed  D ry in g  O ven— C o m p le te  w ith  G e n e ra l E lectric  
R -40, 250 w a t t  d ry in g  lam p , p e r fo ra te d  sh e lf a n d  co rd  a n d  p lu g . F o r o p e ra ­
tio n  fro m  s ta n d a rd  115 v o lt A.C. o r  D .C . c irc u its ......................................$18 .00

S-44200 In f ra  R ed  D ry in g  L am p  o n ly , w ith  Self R eflector, G e n e ra l E lectric  
R-40, 250 w a tt. E a c h .......................................................................................................$1.75
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USE SPECTROGRAPHIC EQUIPMENT 
TO ANALYZE YOUR WAR MATERIALS

‘a p p l i e d
SAN4336

m m

R E S E A  R C H L AB  OR A T OR I ES 
FERNANDO RD., GLENDALE, CALIF.

: j

A . R . L .
C O N T R O L

H A'R R Y W. D IE  T E R“T C O : 
9330 RO S EL AW N AVE.. DETROIT. MICH.

Fast and accurate determ inations of both  con­
tro lling  and im purity elem ents in  your w ar 
materials are easily m ade w ith a com plete m ated 
set of ARL-DIETERT Spectrographic Equipment.

T he large ARL-DIETERT G rating  Spectrograph 
together w ith  the H igh  V oltage Spark, Inductance, 
D.C. Arc, and A.C. Arc Excitation U nits, illus­
trated above, com prise essential and practical 
equipm ent for definitely determ ining  w hether 
purchased o r processed m aterials m eet their 
specifications. Insure the purity of your product 
by spectrochem ical analysis. K now  the com plete 
analysis of the m aterial as it is being processed  — 
at the time that it is processed.

W ith an ARL-DIETERT equipped spectrographic 
laboratory, you can definitely determ ine w ith in
12 m inutes the presence o r absence of up to 72 
elem ents in your products. N o o ther m ethod of

analysis approaches this speed. T he presence o r 
absence of stray elem ents in  m inute quantities are 
as easily determ ined as if  large percentages w ere 
present.

Analysis in  step w ith p roduction  is now  ob tain ­
able w ith the com plete m ated ARL-DIETERT 
Spectrographic Equipm ent. O ur technical staff 
w ill tra in  your present laboratory  personnel to 
operate the spectrographic equipm ent.

T he com plete ARL-DIETERT S pectrographic 
Equipm ent line consists of sam pling m olds, 
b riquetting  m achines, electrode cutters, lig h t 
sources, pow erful excitation units, abso rp tion  
spectrum  source units, abso rp tion  cell ho lder, 
spectrographic film o r plate p rocessing  equ ip ­
ment, com parator-densitom eter, and calculating 
board. W rite for catalogue #128, M odern  
Analysis.
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PYREX
—— means ----
Research in Glass

A Shining Example 
o f an 

Accidental Discovery
M any  great scientific discoveries have been 
achieved more or less by accident. N ot the 
least of these is phosphorus— an elem ent now  
widely used in the war effort.

Discovered accidentally by an old-world 
chem ist in  the 17th century, phosphorus did 
not attain commercial usage for more than a 
century later.

Today the United States possesses over half 
of the Avorld’s phosphates. And even with the 
vastly increased demand on the part o f our war 
industries and by agriculture, this supply is 
believed ample.

Many uses for phosphorus are constantly being 
found. It helps create the protective smoke 
screens used by our Armed Forces on land, 
sea, and in the air; to disperse cold water paints;

PYREX — L A B O R A T O R Y  WARE
"P Y R E X ”  and “ V Y C O R " are registered trade-m arks and indicate 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 ,  NE W Y O R K

“ Y o u  H ave  D o n e  a G ood J o b  o f  S e n d in g  C lass to  W ar”

In  these critical days when 
laboratory ware m ust last 
longer and undergo harder 
usage, the economy of Pyrex  
Beakers, fabricated from  
Pyrex brand Chemical Glass 
No. 774, is more important 
than ever— specify  “ Pyrex” 
brand H are. Your labora­
tory dealer can su p p ly  you.

to soften water— and save soap; to fortify flour 
and cereals; to remove dissolved fluorine in 
drinking water, and for innumerable other uses.

Pyrex Laboratory Glassware plays an impor­
tant part in the work of scientists seeking new  
phosphorus applications. In the hands o f lab­
oratory technicians, this glassware with its 
familiar trade-mark is contributing to the v ic­
tory of our Armed Forces and to civilian  
health and security at home.
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T h e  A  m e r i c a n  P la t in u m  W o r k s
N J. R R. A VC. AT OUVCR ST,

Newark, N. J.
CST. < s >  I 875

1 0 0  M L  P L A T I N U M  W A T E R  A N A L Y S I S  D I S H  — 2 0  G R A M S  — A C T U A L  S I Z E  — F I G .  5 I N  O U R  C A T A L O G  E 1 7

M a a e / in . t h e  J la l i- a n & to s u i

85 Leading M anufacturers of Laboratory 
Equipm ent have cooperated with, us to bring 
you this Series of Books with Valuable 
Laboratory Contributions - - -

•

128 pages of latest information in 
the current issue—just off the press

REQUEST YOUR COPY NOW! P resen t u se rs  of th e  S upplem ents w ill shortly rece iv e  th e ir  
books th ro u g h  th e  m ails. O th e r  active  lab o ra to ries shou ld  w rite  on  th e ir  le tte rh e ad  for a  copy.

THE CHEMICAL RUBBER COMPANY
2 310  Superior Ave. N .E . Cleveland, 14, Ohio

Laboratory Apparatus • Chemicals • Rubber Goods • Handbook of Chemistry and Physics

S upplem ent D2 is th e  th ird  in  this se ries  of supp lem en ts —  ou r co n tri­
b u tion  to th e  w ar effort —  to k eep  th e  lab o ra to ry  in form ed of la te  d e ­
velopm ents.
Books D an d  D1 a re  b e in g  u sed  re g u la rly  b y  th o u san d s of Scientific, 
Industrial, H ealth  a n d  E ducationa l laboratories.
This new  edition  is c e rta in  to p ro v e  of v a lu ab le  a ssistan ce  to these  
laboratories.

PARTIAL LIST OP CONTENTS — SUPPLEMENT D2
FHEAS OVENS 

CHRISTIAN BECKER BALANCES 
SEK O  BALANCES 

SELAS FILTER CANDLES AND CRUCIBLES 
NEW  PYREX BRAND GLA SSW A RE 
C . R. C . LABORATORY CLEANSER 
BA U SCH  & LO M B M IC R O SC O PES

SPENCER M IC R O SC O PE S 
BRABENDER M OISTURE TESTERS 

VARNITON SPECIALTIES 
THE V OLTROL 

SLO M IN  ELECTROLYTIC ANALYZERS 
TECH N ICA L A ER O SO L 10%  

ET C ., ETC.



PARR PRECISION
S ta M .d c U iJ li 

MAKE PARTS THAT FIT

Finishing To One Ten-Thousandth
is common practice among Parr workmen, and is in­
separable from the strict standards of interchange­
ability which have been our creed since 1899.

However, If Your Present Parr Apparatus
should require replacement parts we can supply ex­
act duplicates of the originals.

Complete New Assemblies
of the most essential units of Parr Apparatus are in 
production and will be scheduled for delivery in ac­
cordance with priorities.

INSTRUMENT CD.
M D L I  NE I LL.

July 15, 1943 A N A L Y T I C A L  E D I T I O N

PARR ROMR CALORIMETERS and CHEMICAL TESTING APPARATUS
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Colorimetric Determination of Cobalt 
in the Presence of Nickel

REAGENT—Nifrosoresorcinol Sodium Salt 
METHOD—Colorimetric 
REFERENCE—Overholser and Yoe, Ind. Eng. Chem., Anal. Ed., 15, 310 (1943)

r o bait forms with nifrosoresorcinol a colored complex which can be measured 
^  either visually or spectrophotometrically. By the spectrophotometric 
method of measurement, one part of cobalt in 50,000,000 can be detected, 
or one part in the presence of 5,000 parts of nickel. The cobalt complex is 
stable for several weeks. The reagent is available as Ea stm a n  3088 N itroso-  

resorcinol S od iu m  Salt.

Write for an abstract of the article in  which the colorimetric determination 
of cobalt with nitrosoresorcinol sodium salt is described. Eastman Kodak 

Company, Chemical Sales Division, Rochester, N . Y.

K O D AK .

' T h e r e  a r e  m o r e  t h a n  3 4 0 0 '

E A S T M A N  O R G A N I C  C H E M I C A L S

GLASS ABSORPTION CELLS
a jf jjin e  Q u a l i ty  ■ ■ ■ m a d e  b y  K . I c t t

Sole manufacturer in the United States 
of fused Electrophoresis Cells 

■

Makers of complete Electrophoresis Apparatus 

K lett M anufacturing  Co. 1 7 7  e a s t  8 7 T H  s t r e e t ,  n e w  y o r k ,  n .  y .

Fused in an elec­
tric furnace with 
c e m e n t  t h a t  is 
acid, alkali and 
solvent resistant.

O p t i c a l  F l a t  
W a l l s .  M a n y  

stock sizes are 
available. Special 
s i z e s  m a d e  t o  
order.
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P O T A S H
in NORTH AMERICA

b y

J. W. Turrentine
A m erica n  C h em ica l S o c ie ty  

Monograph No. 91

AM ONG American chemical industries th a t have 
- attracted national and international attention due 

to their war-emergency performance, few have exceeded 
the American potash industry.

This, interesting and w ell-w ritten survey of the develop­
ment of the American potash industry during the last 
fifteen years is particularly im portant at the present time, 
when the food problem is second in importance only to 
the w ar itself. After a brief review of the present sources 
of potash, complete details are given as to production, 
both  domestic and foreign; present status of the industry; 
and its future prospects. Special attention is accorded 
to Carlsbad, N. M ., and Searles Lake, Calif., develop­
ments, and to the fundamental technology of potash. 
This im portant volume has been made unusually attrac­
tive by the inclusion of a large number of exceptionally 
good photographs of all phases of the industry.

Dr. Turrentine, of the American Potash Institute, is 
one of the country’s leading authorities in this field. 
His w ork w ill be welcomed as a most significant addition 
to the literature of the subject by all w ho are interested 
in any w ay in the production and use of potash and related 
products. This book w ill be required by public libraries, 
as it  is the only source of reliable information on the 
current status of this vital resource.
CONTENTS: Introduction: Fifteen Years in Review; Potash Legis­
lation; Exploration of the Permian Basin; Exam ination of Cores; Re­
serves; Current Operations; Polyhalite; Foreign Developments: Ger­
many, The N .V . Potash Export M y., France, Poland, Spain, Russia 
(U .S.S.R.), Palestine, Chile; The American Potash Institute; Potash 
Literature; World Potash Reserves

The Uses of Potash in American Industries; Potash in Agriculture; 
Potash D istribution; Potash in Chemical Industries; American Trade 
in Potash Salts; Im ports, Domestic Production, Exports, Chemical Salts; 
World Trade in Potash Salts; Prices

Technology of Potash Production; Introduction; Refining of Searles 
Lake Brine: The Operations of American Potash & Chemical Corpora­
tion; The Project in Review, The Trona Process, The Phase Rule as 
Applied to the Trona Process; The M ining of Sylvinite; The M ining of 
Langbeinite; The Refining of Sylvinite: Crystallization Methods, 
Flotation M ethods; The Refining of Langbeinite; The Refining of 
Salduro M arsh Brine.

Conclusion— General Index

186 P a g e s  I l l u s t r a t e d  $3.50

Reinhold Publishing Corp. ^ v S iS ! * ? 1

•  Predeterm ine, in lab o ra ­
tory, effects of sun, launder­
ing, and w eathering.

•  Reduce y ears of actual use 
to just a  few days testing.

•  Recognized by m anufacturers and 
consum ers a s  the standard  acceler­
a ted  test equipm ent for more than  a 
quarter-century.

•  Used in 36 countries . . .  all over

The acc e p te d  s ta n d a rd  for d e te rm in ­
ing  the  fa s tn e ss  to lig h t of dyestu ff 
a n d  d y e d  fa b ric s—o rig in a te d  a n d  m ad e  
so le ly  b y  A tlas, a n d  now  u s e d  a ll 
ov e r the  w orld . A tla s  enc lo sed  Violet 
C arbon  A rc re p re s e n ts  c losest a p p ro a c h  
to n a tu ra l  su n lig h t. T em p e ra tu re  a u ­
to m a tica lly  con tro lled .

ATLAS WEATHER-OMETER
R ep ro d u ces  fa ith fu lly  th e  d e ­

s tru c tiv e  action  of su n , ra in ,  th e r­
m a l shock  w ith  a ll  the  a tte n d a n t 
p h en o m e n a  of ex p an s io n  a n d  con­
trac tion . Show s n a tu ra l  w e a th e r-  
in q  effect from  a n y  g iv en  cond i­
tions a t  a n y  tim e, a n y  location . 
L atest m odel h a s  tw in  a rc s , full 
au to m a tic  w ith  te m p e ra tu re  control.

ATLAS 
LAUNDER-OMETER

S ta n d a rd  la b o ra to ry  w a s h ­
in g  m a c h in e  of A .A .T.C.C . 
T ests w a s h in g  ac tio n , tex tile  
sh rin k in g , s ta in in g , a n d  color 

fa s tn e ss  to d ry  c le a n in g  so lv en ts , 
so a p s  a rjd  d e te rg e n ts . A ll fa c to rs , 
in c lu d in g  w a sh in g  ac tio n , c a re fu lly  
co n tro lled —c a n  b e  re p ro d u c e d  id e n ­
tic a lly  a t  a n y  tim e.

ATLAS ELECTRIC DEVICES CO.
361 West Superior Street, Chicago, Illinois



2 2 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. 15, No. 7

LUMETRON
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 determ ination of V it Bi and Bj
Also

Reflection Meters Electronic Vit. A MetersJ
Clinical Colorimeters Electronic Photometers
Continuous Flow Colorimeters Electronic Interval Timers

Barrier-Layer Photocells

Write for Literature. Prompt D elivery .

P HOT OV OL T  C O R P .
95 Madison A v c . New York C ity

L a M o t t e  Phosphate Comparator  
For  Boi l er  Fe e d  Water

The method for determining phosphates in treated feed water, 
developed in our research laboratory, affords accuracy and sim­
plicity in procedure that was previously impossible. I t  is based 
upon the development of color in the water sample, and this 
color development is directly proportional to the amount of 
phosphates present. One im portant factor to be noted is that 
the LaMotte method is not affected by the presence of silicates 
up to concentrations of 800 p.p.m. The results are read off di­
rectly from prepared color standards of known phosphate values. 
For phosphate concentrations up to 100 p.p.m., this method is 
accurate to ± 5  p.p.m. The time required for the test is about 
five minutes.

Price, complete with instruction booklet,
$22 .50 , f.o .b ., Towson, Baltimore, M d.

LAMOTTE UNIVERSAL pH OUTFIT
This compact LaM otte outfit is readily portable, yet it covers 
a wide pH range. Can be supplied with any 3, 4, 5, 6, 7 or 8 
sets of LaM otte Permanent Color Standards and will therefore 
cover any desired part of pH range 0.2-13.6. Applicable to 
all types of research and industrial pH work. Accurate to 0.1 
pH. Excellent for use with highly colored or turbid solutions.

Price $35.00 to $60.00 f.o .b. Baltimore, M d.

LaMotte Chemical Products Company
Dept. F. Towson, Baltimore, Md.

PREDOMINANT

•  M ills, washers and calenders in a 
range of sizes for laboratory work  
in natural and synthetic rubber and 
plastics. Heaviiy constructed and 
precision built. For full details write

NATIONAL RUBBER MACHINERY CO.
G eneral Offices: Akron, Ohio

INDUSTRIAL 
LA B O R A T O R y  TA BLE  6610

FOR MORE THAN HALF A CENTURY
In spite of all the competitive factors w hich have come and 
gone in the last fifty years, Peterson has m aintained the 
highest standard of excellence of craftsmanship and materials 
possible.
Today, w herever laboratory furniture is considered, the name 
of Peterson is recognized as a hall mark of outstanding quality 
and value.
Peterson experts will help you plan any changes or additions 
to your present facilities to assure you of m odern efficiency 
at lowest cost. No obligations are involved for this plus 
service.

C Send today fo r  P e te rs o n ’s F u rn itu re  Cata-'Y] 
lofï. c o n ta in in g  in fo rm a tio n  o n  th e  efficient I 
and  econom ica l in s ta lla t io n  o f la b o ra to ry  [ 

fu rn itu re . J J

LEONARD P E T E R S O N  &  CO., Inc.
1222-34 FULLERTO N  AVE. CHICAGO, U .S .A .



“ f í e ,

K . H. H U P P E R T
6830 So. Cottage Grove Chicago, 111.

HUPPERT 
LABORATORY 

FURNACES

N o. 1405-H
DUO-SEAL VACUUM PUMP, Motor Driven. Vacuum  
.OS m icron —  free  air capacity  of 33.4 liters p e r m inute
...........................................................................................$140.00
W ith la rge r m otor giving 57 liters free a ir capacity  
p e r  m inute and  vacuum  of 0.1 m icron ................. $155.00

Order Now. Prom pt Shipm ent Assured.

W. M. W e l c h  S c i e n t i f i c  C o m p a n y
Established 1880

1518 Sedgwick Street Chicago, Illinois, U.S.A.

¿ o /i Z u e s u f, P u S ifz a ie

Welch DUO-SEAL 
VACUUM PUMPS

ELECTRONICS 
• FREEZING

• DISTILLATIONS 
• DRYING

More Durable 
Only Pumps with Double (Duo) Seal 

Silent in Operation 
Pump Faster at all Pressures 

Produce Higher Vacuum than any 
other oil-sealed pump.

GUARANTEED VACUUM
.05 M icron —  .00005 mm Hg.

FREE AIR CAPACITY
33.4 Liters Per Minute

OPTIM UM  OPERATING SPEED
300 Revolutions Per Min.

OIL REQUIRED
650 ml Duo-Seal Oil

O il Seal is provided by precise 
m achining to 1/10,000 inch . 
O il film prevents rotor from 
touching the stator, avoiding 
wear.
In ternal Vane is softer than  the 
stator. W ears indefinitely and 
improves with use.

T h r e e  h e a t  ra n g e s . H ig h , 1 0 0 0  to  1 8 0 0  F., M e d iu m  5 0 0  
to  1 0 0 0  F., lo w  0  to  5 0 0  F. S even  B u tto n  C o n tro l  S w itch  
in  eac h  h e a t  r a n g e  fu rn ish e s  an y  d e s ire d  te m p e ra tu re  a n d  
m a in ta in s  th a t  te m p e ra tu re  as lo n g  as you  w a n t it. M ak es  
d u p lic a tio n  o f  re su lts  c e r ta in .

L a rg e  M uffle: 4V2 X  3 %  X 4V£ in c h e s . O u ts id e  d im e n ­
s io n s  o f  F u rn ace : 12" w id e , 1 2 " h ig h , 16"  d e ep . S h ip ­
p in g  w e ig h t  80  lb s . O p e ra te s  o n  1 1 0  V o lts ,  A .C ., o r
D .C .

H u p p e r t  F u rn aces  a re  ru g g e d ly  b u ilt  fo r  heavy d u ty  se rv ­
ice , w ith  n o  e x p o se d  c o n ta c ts . P r ic e s  r a n g e  fro m  
$ 2 4 .7 5  u p  w ith  s ta n d a rd  h e a t  ra n g e s  u p  to  2 5 0 0  F. 
(S p e c ia l v o lta g e s , d im e n s io n s  a n d  te m p e ra tu re  r a n g e s  to  
o rd e r .)

Write fo r  free ca ta log
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" . . .  lifetim e  
accuracy"

M odel Illustra ted

? 7 4 ' 25
Complete

IS THERE

IN IT?

A  Vital 

Question 

in these 

Days of 

Rubber 

Restrictions.

APPARATUS FOR DIRECT 
DETERMINATION OF 

RUBBER HYDROCARBON

New m ethod  u n d e r  co n sid era tio n  for 
adoption  by  th e  A.S.T.M.

A p p licab le  to c ru d e  o r reclaim , a lo n e  o r Price  
in  com bination  $17.65

FAST, SIMPLE, ACCURATE
Complete details fu rn ished  with apparatus

Send for Our Catalog on New Laboratory Items!

M A C A L A S T E R  B I C K N E L L  C O .
408 T EM P LE  STREET .  N EW  H A V E N  • C O N N .
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Æ

V E G E T A B L E S -  For  
Victory and Vitamins— 
depend upon prolific 
soil to th r iv e ..............

T r u ly  COORS w a re  
is an e ssen tia l p rod­
uct in the manufacture 
of a ll n ecessa ry  ad ­
juncts to living.

■mar«  th 
WHH 

m u s ic a l

COORS • CHEMICAL AND SCIENTIFIC PORCELAIN W ARE
ß a s ic  ttjuipmenl O  F A L L  M O D E R N  T E S T I N G  L A B O R A T O R I E S

Coors Po rcelain  Co m pa n y^
GOLDEN, COLORADO

Is maximum production your concern?
T h en  re a d  . . .

Fatigue of Workers
Its Relation to Industrial Production
by the Committee on Work in Industry 
o f  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l

A m erica figh ting  is an A m erica filled w ith  w ell-m ean ing  
m en  . . . b o th  la b o r leaders and  business executives . . . 
w ho  are striv ing  to  bu ild  p ro d u c tio n  to  its h ig h es t levels. 
Y et, m any o f  these m en, o th erw ise  w ell-in fo rm ed , have 
failed  to  reach  th e ir  goals because o f a lack  o f  u n d er­
stan d in g  o f th e  physio log ica l and  psycho log ica l factors 
involved w here  the hum an elem ent is concerned .
"T h e  Fatigue o f  W o rk e rs” is a c lear, unb iased , objective 
d iscussion  o f th e  d irec t causes o f  fatigue, the p sycho­
lo g ica l o r ig in  o f  strikes and  s low dow ns. T h e  u n d e r­
ly ing  causes fo r fr ic tio n  betw een  lab o r and m anagem ent 
are  d isc losed , and  the ways in  w hich  it can be overcom e 
are  clearly  ind ica ted .
N um erous actual studies are used to  illu stra te  bo th  phys­
ical and  psycho log ica l aspects o f  fatigue. A m ong  ex­
am ples in  the fo rm er case, h ig h  altitude tests un d erg o n e  
by p ilo ts are  d iscussed; in  the la tte r, the  fam ous W estern  
E lectric experim en t is described  in detail.
The N ew  R epublic says: "T h a t the economic mo­
tive is not the strongest motive governing industrial workers 
is shown even more clearly in these studies . . . ”
The Nation says: " . . .  a way should be fou>id to
place its conclusions in the hands of every factory execu­
tive, personnel manager, and trade-union leader.”
16S P ages $2.50

Order at your local dealer or direct from

- R E INHOL D PUBLISHING C O R P . -
330 WEST 42nd ST. NEW yORK, N. Y.

P l a n n i n g

A R E S E A R C H  AND
CONTROL LABORATORY?

Present day conditions present something of a prob­
lem  for those who are  planning new research  and 
control laboratories. Because of this we believe 
that Sheldon experienced Planning Engineers — 
available in all principal cities — can be oi unusual 
assistance to you in  preparing  room layouts, com­
piling budget estimates, and writing specifications.

(jJh & h S L  JimsL id-

yßiüL J'ituL c l

“IRK Til” Interval Tiler
•  R EQ U IRES N O  W IN D I N G ;  ¿ f c c U A n l  

merely set pointer for interval
desired.

•  S IN G LE  TAP C H IM E ; rings 
once and is quiet,

•  D IA L G R A D U A T ED  IN M IN ­
U TES; fractions are easy to 
estimate.

•  FIVE M O D ELS T O  C H O O S E  
FR O M ; up to I hour capacity.

IN T E R V A L  T IM ERS
9 3 5 1 /1  30-minute range ................ S3.25
9 3 5 1 /2  60-minute range................ 3.55

P O R T A B L E  S W IT C H E S  — fo r
turning electric current off after a desired 
interval. For 1 1 0  volt, 6 0  cycle A .C . cur­
rent 1 0  amperes capacity.
9 3 5 1 /3  15-minute range................ $6 .55
9 3 5 1 /4  30-minute ra n g e ................ 5.45
9 3 5 1 /5  60-minute ran g e ................  6 .55

SCHAAR & COMPANY
Complete laboratory Equipment 

754 WEST LEXINGTON STREET CHICAGO. ILLINOIS
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K l e t t . . . .

Photometers

Spencer Petrographic Microscope used in the Laboratory oj Oldbury 
Electro-Chemical Co

The Microscope 
enlists for War

M odern war, it may truthfully  be 
said, is a war of chemistry.

“To keep the U. S. forces fight­
ing,” states one authority , “ indus­
trial chemistry m ust produce five 
pounds of explosives for every sol­
dier every day .” Incendiary, depth 
and aerial bombs, smoke screens, 
flares and most of the ingredients for the devastating 
fire power of our land, sea and air forces m ust come from 
our chemical plants.

M ore than this, chemistry m ust create new products, 
new substitutes, to replace lost sources of rubber, fuels, 
metals and other materials.

In accomplishing this task the microscope is playing 
an indispensable part. Spencer is devoting its expanded 
facilities to the unprecedented wartim e dem and for 
microscopes of all types.

Spencer
X  BUFFALO

LENS C O M PA N Y  
BUFFALO, N E W  Y O R K  

SC IE N T IFIC  IN S T R U M E N T  D IV IS IO N  O F 
A M E R I C A N  O P T I C A L  C O M P A N Y

*7h e  K le t t

ty lu a 'U + tie te .'L

m

Klett M a n u f a c t u r i n g  Co.
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.

N o. 2071

D e sig n e d  fo r  th e  
rap id  a n d  a c c u r a te  
d e t e r m i n a t i o n  o f  
th ia m in ,  r ib o fla v in , a n d  o th e r  s u 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 i ty  a n d  s t a ­
b il ity  are s u c h  t h a t  i t  h a s  b e e n  fo u n d  p a r t ic u ­
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 s e  su b s ta n c e s .

T o  fu r th e r  in c r e a se  i t s  a d a p ta b il ity  a  se p a r a te  
c ir c u it  a n d  s c a le  is  p ro v id ed  for c o lo r im e tr ic  
d e te r m in a t io n s .

LITERATURE SENT UPON REQUEST

PItotoeiecî ic 
Q laAA. G e ll 

C a lx vu sn e t& i

F or t h e  varied  n e e d s  o f  in d u s tr ia l,  c lin ic a l  
a n d  a g r ic u ltu r a l la b o r a to r ie s . C o m p le te  
a n d  s e lf  c o n ta in e d  —  n o  a c ce sso r y  e q u ip ­
m e n t  n e c essa ry . F u se d  c e l ls  for rea d in g s  
o n  s o lu t io n  d e p th s  o f  2 .5 , 10, 20, a n d  40 m m .  
S e le c t iv e  l ig h t  f ilte r s  a v a ila b le .

No. 900-3
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N O N M E M B E R

Subscription Rates
E ffective Jan u ary  X, 1943

Am erican Chem ical Society Publications

1. Journal American Chemical Society..................................... $  8.50
2. Chemical Abstracts................................................................... 12.00
3. Industrial and Engineering Chemistry

Industrial Edition and Analytical Edition. . . .  4.00
4. Chemical and Engineering N ew s.......................................... 2.00

10%  discount on 1 and 2  when sent to the same he made within 60 days of date of issue. "Missing
address and ordered together. No discount on from files” is not sufficient reason for claim. If change
o , / i t ? , , , . , or address means a change of position, please indicate3 and/or 4. Foreign postage to countries out- its natUre.
side the Pan American Postal Union additional Subscribers wishing to have their journals forwarded 
charge as follows: 1, $1.50; 2, $2.40; 3, $2.25; should notify the Postmaster and furnish necessary
4, $0.60. Canadian postage one-third these postage.
rates. The names of members and subscribers whose

' . . journals cannot be delivered by the Post Office Depart-
omgle copies of current issues $0.75 each, ment will be removed from the mailing list at once,
except Analytical Edition ($0.50) and Chemi- and will not be restored until correct addresses have
cal and Engineering News ($0.15). been supplied.

In the absence of other information, a notice of 
The Society will not be responsible for loss due to change of address received from the Post Office De­

change of address unless notification is received ten partment will be considered as correct, and the mailing
days in advance of issue. Claims for non-receipt must list changed accordingly.

b a c k : n u m b e r s  a n d  v o l u m e s

Jour. Am. Chem. Soc., Vols. 15-64, if available, each ................................  $ 9.00
Index to  Vols. 1 -20 ........................................................................................  1.00
Single copies, Vols. 1-64, each*.................................................................  0.80

Chemical A bstracts, Vols. 1-36, including 1st and 2nd Decennial
Indexes......................................................................................................  705.00

Vols. 15-36, if available, each ....................................................................  15.00
Single copies, except Index Nos., Vols. 1-33, each*............................  0.80
Annual Index, each y ea r..............................................................................  2.50
2nd Decennial Index, 5 Volumes............................................................... 50.00

Ordered for replacem ent......................................................................  25.00
3rd Decennial Index, 5 Volumes...............................................................  100.00

C ontingent discount of 50%  to  individual members, contributing firms, 
educational institu tions, and public libraries in the U nited States.

Industrial and  Engineering Chemistry
Industria l E dition, Vols. 1 -34 ....................................................................  306.00

Vols. 1-34, if available, each ..............................................................  9.00
Single copies, Vols. 1-34, each*........................................................  0.80

Analytical Edition, Vols. 1 -14 ...................................................................  56.00
Vols. 1-14, if available, each............................................................  4.00
Single copies, Vols. 1-4, each*.......................................................... 1.00
Single copies, Vols. 5-8, each*.........................................................  0.70
Single copies, Vols. 9-14, each*.......................................... ............  0.50

Chemical and Engineering News (News Edition through Vol. 19), Vols.
1 -20 ............................................................................................................ 40.00

Vols. 1-20, if available, each ....................................................................... 2.00
Single copies, Vols. 1-17, each*.................................................................  0.10
Single copies, Vols. 18-20, e a c h * ..............................................................  0.15
*' M any num bers no longer available.

Volumes no t priced singly, available only in com- to  countries in th e  P an  American Postal Union made by
plete sets. mail; all volumes now shipped a t  purchaser’s risk;

A few bound volumes of certain  journals are available. postage charged on large orders. Postage on Canadian
M embers, for personal use, 20%  discount from above shipm ents one-third of foreign; large orders by  insured

prices, except complete sets. Decennial Indexes, and registered mail.
single copies and volumes of Chemical and Engineering Postage charged on all foreign shipm ents; the
News. _ Society assumes no responsibility for delivery. I f  de-

Advance paym ent is required  in all cases and m ust sired, journals sent by  registered m ail a t  postage cost
be  m ade by postal o rder or check payable in U. S. plus 5%  of invoice additional for registry , minim um
currency on a bank in  the U nited S tates. charge 75 cents. Large shipm ents delivered free, if

S H IP M E N T . Single issues or volumes mailed, post- desired, to  responsible forwarding agents in N ew  York,
age free, to  any  address in  th e  U nited S tates; larger fu rther charges to  be paid  by  the  purchaser and method
shipm ents sent express collect. A uthorized delivery of handling to  be arranged by  him.

Address com m unications relating  to  th e  foregoing to
C H A R LES L. PARSONS, Business M anager,

1155— 16th St., N .W ., W ashington, D. C.


